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HERMETICALLY SEALED 

NOW to MIL-T-278 

VARIABLE 
INDUCTORS 

HIGH·O plus HIGHlSJ SJABIUJY 

For almost a third of a century UTC has pioneered in 
the development of transformers, electric wave filters, 
high Q coils, magamps and similar iron core components. 
Highest engineering talent plus the most complete facili
ties for research and testing has made UTC the leading 

supplier in the industry for both stock and custom built 
components. UTC Variductors (stock variable inductors) 
have served as a simple solution to tuned circuit for 
almost 20 years ... for oscillators, equalizers, filters, 
tuned radio circuits, etc. 

I NEW!-VERNIER I 

'·' \,7 ... ..• 

HVV VANllJUCTON™ 
HERMETICALLY SEALED 

NARROW 
RANGE 

:i- HVV-1.5 
MAX AOJ 

MEAN ADJ ± MIN AO:r 

' I. ,I I 10 100 

The HVV Variductors have been 
designed to emphasize extremely 
high stability with temperature, 
level , shock and vibration commen
surate with the highest obtainable 
Q. They are ideal for precise match
ing to other components such as 
capacitors with standard 10% toler
ance. Units are provided with a ver· 
nier adjustment variation of ±10% 
through goo• rotation of adjustment 
screw on top of case. Setting is 
positive. There are 12 units in the 
stock line with mean inductances 
ranging from .006 Hy to 150 Hys. 
Specific mean inductances other 
than stock items are available on 
special order. Manufactured and 
guaranteed to MIL-T-27B, MIL type 
TF4RX20YY. Drawn metal case: l l/s" 
long, 25/ 32" wide, 1-7 / 32" high 
(including adjustment screw); weight: 
2 ounces. Effective Q over a wide 
frequency range and variation of in
ductance with applied AC voltage 
are illustrated for a typical unit. 
Patent pending. 

APPLIE:O VOLTAGE AT IKC 

HVtt VANllJllCTON™ 
HERMETICALLY SEALED 

HVC units are usable over a wide 
frequency range and have high sta
bility with temperature and voltage 
change. Nominal inductance values 
of 12 stock units in series range 
from .006 Hy to 150 Hys. The varia
ble inductance range of each unit 
is + 200%, - 70 % of nominal 
value through goo· rotation of ad
justing screw on top of case. Setting 
is positive. Case size and weight is 
the same as HVV. U.S. Patent No. 
2,87g,48g. 

WIDE 
RANGE 

TVC Variductors are identical to the HVC units, but provide 
taps at 30% and 50 % of total turns. Different taps are available 
on special order. U.S. Patent No. 2,87g,48g_ 

WIDE 
RANGE WC VANllJllCTON™ 

COMMERCIAL GRADE 

Nominal inductance values of 22 stock items 
in this series range from .0085 Hy to 130 Hys. 
Mean inductance may be varied + 85 % , 
- 45 3 through 600 ° rotation of adjustment 
screw in side of case. Rugged die cast case : 
1-11 / 13" long, 11,4" wide, 1-7 / 16" high; 
weight 5V2 ounces. 

AND "SPECIAL" CUSTOM BUil T UNITS 

Write for catalog of over 
1,200 UTC HIGH RELIABILITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. 

TO YOUR SPECIFICATIONS 

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

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE : "ARLAll'' 
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NEW, IMPROVED 
Frequency Range 

{5 cps to 600 kc fundamental) 

Sensitivity 
(0.3 v rms for 100% set level) 

Selectivity 
in the hp 331A Harmonic Distortion Analyzer-solid
state version of the historic standards of the industry, 
the Hewlett-Packard 330 Series! 

The industry-leading 330's have gone solid
state in the new Hewlett-Packard 331A, which 
offers extended tuning range, greater set level 
sensitivity, improved selectivity, greater over
all accuracy and easier use-AND PRICED AT 
ONLY $590! 

Solid-state design allows battery operation 
for floating measurements, and total improve
ments add up to previously unavailable meas
uring capabilities in determining total audio 
distortion; voltage level , power output and 
gain; total distortion of AM rf carrier; noise 
and hum level and audio signal frequency. 

The specifications tell the total story. Check 
them over carefully. Compare them with per
formance of any other distortion analyzer. 
Then call your Hewlett-Packard field engineer 
or write for complete data to Hewlett-Packard, 
Palo Alto, Ca lifornia 94304, Tel. (415) 326-
7000; Europe: 54 Route des Acacias, Geneva; 
Canada: 8270 Mayrand Street, Montreal. 
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Distortion Any fundamental frequency, 5 cps to 600 
measurement kc; distortion levels of 0.1 % to 100% 

range: measured full scale in 7 ranges 
Distortion measurement accuracy· 

"Harmonic f'requency Input 
0.3 % to 
100~ F.S. 0.1 % F.S. Below30 v Above 30 v 

10 cps-1 me 20 cps- 500 kc ±3% + 3 % 
J.:mc~mc """5"00 kc-1 me ± 6 % +12 % (1 diiI 

10 cps-20 cps +12 % (1 db) +12 % (1 dfil: 
Elimination characteristics : Fundamental refection >80 db 
Second harmonic accuracy: Better than + 1 db from 5 to 20 
cps; ± 0.6 db from 20 cps to 20 kc; -1 db from 20 to 100 kc; 
-2 db from 100 to 300 kc; -3 db from 300 to 600 kc 

Frequency 
calibration 
accuracy: 

Input 
Impedance: 

Input level 
for distortion 

measurements: 
DC isolation: 

Better than ± 2 % from 10 cps to 200 kc; 
- 3 % from 5 to 10 cps; + 8 % from 200 
to 600 kc 
Distortion mode: 1 megohm shunted by 
< 60 pf or use hp 10001A divider probe 
Voltmeter mode: 1 megohm shunted by 
30 pf, 1 to 300 v rms; 1 megohm shunted 
by 60 pf, 300 p.v to 0.3 v rms 
0.3 v rms for 100% set level (up to 300 v 
for set level indication may be obta ined 
with front panel attenuator) 
Signal ground may be ± 400 v de from 
external chassis 

Voltmeter 300 p.v to 300 v rms full scale (13 ranges) 
range: 10 db per range ; 5 cps to 3 me 

(300 p.v range : 10 cps-1 me) 
Voltmeter accuracy· 

Range ± 2 % ± 5% ± 12 % 
300 p.v 30 cps- 300 kc 20 cps- 500 kc 10 cps- 1 me 

1 mv- 30 v 10 cps-1 me 5 cps- 3 me 
100 v- 300 v 10 cps- 300 kc 5 cps- 500 kc 5 cps- 2 me 

Noise Voltmeter residual noise on the 300 p.v 
measurements: range: < 25 p.v rms t erminated in 600 ohms; 

< 30 p.v rms terminated with a sh ielded 
100 k resistor 

Price: $590 
Data subject to change without notice. 

Price f . o. b. f actory. 
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New! 

VHF 
• 

I TYPE 
3200A 

OSCILLATOR 
10 Mc-
500Mc 
Features: 

+0.002% Frequency 
Stability 

External AM and Pulse 
Modulation 

Waveguide-Below-Cutoff 
Output Attenuator 

Solid-State Power Supply 

The VHF Oscillator Type 3200A is designed for general purpose 
laboratory use including receiver and amplifier testing, driving 
bridges, slotted lines, antenna and filter networks, and as a local 
oscillator for heterodyne detector systems in the frequency range 
from 10 to 500 me. 

The push-pull oscillator is housed in a rugged aluminum casting 
for maximum stability and extremely low leakage; six frequency 
ranges are provided for adequate bandspread on the slide-rule 
dial. Internal CW operation is provided; AM and pulse modula
tion may be obtained through the use of a suitable external source. 
The RF output is coupled through a waveguide-below-cutoff vari
able attenuator; in addition, an electrical RF level vernier is in
cluded as a front panel control. 

A solid-state power supply furnishes all necessary operating volt
ages including regulated de to the oscillator heaters for minimum 
hum modulation and maximum tube life. 

Specifications: 
Radio Frequency Characteristics 
RF RANGE: 10 to 500 me 
RF ACCURACY: 

± 2% {ofter Y2 hour warm up) 
RF STABILITY: 

Short Term: ±0.002* (5 minutes) 
Long Term: ± 0.02 * (1 hour) 
Line Voltage: ± 0.001 % * (5 volts) 

*After 4 hour warmup, under 0.2 mw load 

RF OUTPUT: 
Maximum Power: 

> 200 mw* ( 10-130 me) 
> 150 mw* ( 130-260 me) 
> 25 mw* (260-500 me) 

*Across external 50 ohm load 

Range: 0 to > 120 db attenuation from 
maximum output 

Load Impedance: 50 ohms nominal 

RF LEAKAGE: Sufficiently low to permit 
measurements at 1 µv 

Amplitude Modulation 
Characteristics ' 
AM RANGE: 0 to 30% 
AM DISTORTION: < 1 % at 30% AM 
EXTERNAL AM REQUIREMENTS: Approx. 

30 volts RMS into 600 ohms for 30% AM 

Pulse Modulation Characteristics 
EXTERNAL PM REQUIREMENTS: 140 volts 

peak negative pulse into 2000 ohms.for 
maximum power output; typically 10 
volts peak (except 50 volts on 260-500 
me range ) for 1 mw peak power output 

Physical Characteristics 
DIMENSIONS: Height: 6W' 

Width: 72~l2" 
Depth : 121Yi'2" 

Power Requirements 

(16.5 cm) 
(19.8 cm) 
(31.B cm) 

105-125/ 210-250 volts, 50-60 cps, 30watts 

Price : 3200A : $475.00 
F.O .B. Rockaway, New Jersey 

BOONTON DIVISION 
Packard 

PRECISION ELECTRONIC INSTRUMENTS SINCE 1934 <!jJ Hewlett· 

GREEN POND ROAD, ROCKAWAY, NEW JERSEY 07866 company 

TELEPHONE : (201) 627-6400 ·• ,TW?(; (201) 627-3912 •CABLE ADDRESS: BOONRACO 
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Readers Comment 

Overheated parking meter 

To the Editor: 
Author W. E. Osborne seems to 

have missed what I believe to be 
Robert Salzman's point [Jan. 25, p. 
4]; Okay, so you invented some
thing complicated to do a simple 
job. Now get busy and combine the 
simplicity of the mechanical trip 
with the reliability of the astronom
ical clock in a package too cheap to 
be worth stealing. And if you can't 
do it, step aside in favor of some
one who can. 

Charles D. Mace 
Consulting engineer 
Maple Glen, P·a. 

Gremlins at work 

To the Editor: 
In "The dangerous depths" 

[Dec. 28, p. 77] you stated that 
"Both men report to the top-Kara
beris to the Secretary of the Navy, 
Admiral Paul H. Nitze, and Martell 
to the Chief of Na val Operations, 
Admiral David L. McDonald." 

The Secretary of the Navy, Paul 
H. Nitze, is a civilian and has no 
military rank. 

D. A. Olson 
Director Special Training 
U.S. Fleet Sonar School 
Key West, Florida 

• Printers' gremlins 
sioned civilian Nitze. 

In California 

To the Editor: 

commis-

In your Market Report 1965, you 
picture an unusual miniature tape 
recorder [Jan. 11, p. 98]. Where is 
the manufacturer, Craig-Panorama, 
located? 

Albert L. DeGraffenried 
Sanders Associates, Inc. 
Plainview, L. I. 

• A number of readers were fas
cinated by this device and asked the 
same question. Craig-Panorama, 
Inc., is at 3412 South LaCienega 
Blvd., Los Angeles 16, Calif. 

FET reliability 

To the Editor: 
I have read the articles on FET 

Electronics I February 8, 1965 



Now from Spra 

11~"!.sT MICA 

CAPACITORS 

FEATURE: 

t/ Operation to 125C 

" " " 
Reduced Sizes 

Lighter Weight 

Greater Ruggedness 

./ Cooler Operation 

For application engineering assistance without 
obligation, write to Mica Capacitor Section, 
Field Engineering Dept. For complete technical 
data write for Engineering Bulletins 1230 and 
12 40 to Technical Literature Service, Sprague 
Electric Company, 35 Marshall Street, North 
Adams, Massachusetts. 01248 

I ue. 

rnt Maior Cllange in 
HIGH-POWER 

MICA CAPAQTORS 
la •• 25 

• SOMETHING NEW and important has happened to trans
mitter-type mica capacitors! In place of the old-fashioned, 
bulky assemblies you've had to use in the past, Sprague 
now offers modern, miniaturized Cast Mica Capacitors-

30% smaller in size, 30 to 40% lighter in weight, available in new 
shapes and mountings for liberal new design possibilities. 

• Encapsulated in high-temperature epoxy resin by a patented 
process, Sprague Cast Mica Capacitors will operate at temperatures 
to 125 C without derating-greatly in excess of the 70 C or 85 C 
limits of conventional capacitors. This exclusive construction also 
provides superior thermal conductivity-far better than with 
porcelain-enabling these capacitors to carry higher r-f currents. 

• Unlike older units with fragile insulating housings, Sprague 
Cast Mica Capacitors are rugged. Their tough epoxy resin encap
sulation, with improved hermetic seals, eliminates use of potting 
waxes which tend to melt and cause damage to electron tubes 
and other components. 

• Sprague Cast Mica Capacitors, designed not only to meet 
but exceed MIL Specifications, are made in both the familiar 
cylindrical as well as a new rectangular shape, with female threaded 
terminals on opposite ends. Although smaller in size than con
ventional capacitors, Cast Micas can be procured-for inter
changeability-with one or two aluminum plates having the same 
center-to-center mounting holes as standard types. Where space is 
critical, they may also be mounted or stacked without plates by 
means of dual-ended headless screws. 

SPRAGUE COMPONENTS 

SPRJIGUE" CAPACITORS 

TRANSISTORS 

RESISTORS 

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE -FO RM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

Electronics I February 8, 1965 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBB IN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

THE MARK OF RELIABILITY 

'Sprague' and'@' are registered trademarks of the Sprague Electric Co. 

Circle 5 on reader service card 5 



Obviously from Sprague I 

... the precision/power 
wirewound resistor 

with more 
PLUS features! 

Silicone Encapsulated-Seals resistance ele
ment. Provides exceptional protection against 
severe environmental conditions as well as 
physical damage. 

Wide Application-Standard and non-inductive 
windings. Equally suited for printed wiring 
boards, custom packaging, and point-to-point 
wiring. 

Close Resistance Tolerances-Standard toler
ances to + 0.05%. 

Wide Range of Ratings-% watt to 10 watts. 
Resistance values from .05n to 66Kn. 

Minified Sizes-Smaller than other conven
tional wirewound resistors. 

Excellent Stability-Under extended load life 
and environmental operating parameters, 
Acrasil Resistors show exceptionally small 
change in resistance values. 

Outstanding Reliability-Fully meet electrical 
performance requirements of MIL-R-26C, as 
well as individual customer high reliability 
specifications. 

For complete technical clata, write 
for Engineering Bulletin 7450 
to Technical Literature Service, 
Sprague Electric Company, 35 
Marshall St., North Aclams, Mass. 

SPRAGUE® 
THE MARK OF RELIABILITY 

• SpraKue' and ·@·are reaistered trademarks of the Sprague Electric Co. 
•Sft·IH·H 

6 Circle 6 on reader service card 

transistors [Nov. 30, p. 45; Dec. 14, 
p. 53 and Dec. 28, p. 45] with great 
interest. Unfortunately, there was 
little or no information relating to 
the reliability of such devices. It is 
all very nice to be able to build 
new circuits, but with the present 
emphasis on reliability, an engi
neer takes a risk using them unless 
he knows the appropriate failure 
rates. 

To date I have been unable to 
obtain much reliability informa
tion on FET's. However from the 
few reliability reports I have, it ap
pears as though FET's may be be
tween one and two orders of mag
nih1de worse than "conventional" 
transistors. One manufacturer of 
FET's reports a failure rate of ap
proximately 0.7%/1,000 hours at 
60% confidence, after 2 x 106 hours 
operation. In catastrophic failures 
only, the failure rate drops to 
0.2% / 1000 hours at 60% confid
ence. Test conditions were an am
bient of 150°C, with 24 volts re
verse bias (80% of rating) applied 
to both junctions. These failure 
rates appear comparable with those 
of "ordinary" transistors , until it is 
realized that these particular FET's 
have been subjected to comprehen
sive screening and that suspect de
vices were eliminated prior to test. 

The purpose of my letter is not 
to discuss a particular manufac
turer's reliability report but to 
emphasize that there is compara
tively little known about FET 
failure rates and modes. In addi
tion to articles on how FET's work, 
it would be advantageous to read 
an article describing how they do 
not work. To be most useful such 
an article would discuss the failure 

+ 

modes of FET's and indicate in 
what environments they should not 
be used. 

N. Lewis 
Reliability engineer 
Canadian Westinghouse Co. 
Hamilton, Ont. 

• Almost all the manufacturers 
and users tell us it is still too early 
to get the kind of information 

- reader Lewis seeks. But Electronics 
did publish an article [Dec. 28, p. 
58] cautioning about using FET's 
in a radiation environment. 

Which came first? 

To the Editor: 
Some time ago [Dec. 6, 1963, p. 

69] I saw the article "Circuit with 
a twist: the cascade follower" by 
R. W. Johnson (the circuit is shown 
below, left). 

The application note suggests 
that "a transistor version of the cir
cuit should be possible". The fu
ture conditional tense surprises me. 
I have a circuit (below, right) which 
is a transistor equivalent to the cas
cade follower, except that it is use
ful down to d-c. If so desired it 
may deliver ± 100 volt and several 
watts, and a preceding pnp emit
ter-follower, or a diode, would re
duce the temperahue drift to ap
proximately 0.2m V / 0 C. 

The transistor version has been 
used for a couple of years at the 
Norwegian Defense Research 
Establishment, and I think it un
likely that it had not been used ex
tensively by others before that time. 

It seems to me that in this case 
the transistor version came first. 

Per Bugge-Asperheim 
Norwegian Defense Research 
Establishment 

+ 

Did the Bugge-Asperheim transistorized circuit, 
right, precede the tube version, left? 

Electronics I February 8, 1965 



Dl 6 1,030 

The Engineer's Best Connection 
Now Available in Two Versions 

Gold-Plated Copper in Critical Parts ... 
for Low-Level DC Applications Needing 
Minimal Thermal Noise 

Type 

938-GM 

938-HB 
938-KR 
938-LG 

Description 

Metal top binding post 
with metal spacer 
Black top, black insulator 
Red top, red insulator 
Gc;>ld plated shorting link 

Quantity Prices 
10-99 100-999 1000-u p 

$1.10 $.98 $.92 

1.00 
1.00 

.25 

.83 

.83 

.22 

.78 

.78 

.20 

• Banana plug fits snugly into body of post, NOT just the top 
• Countersunk top insures proper seating of banana plug 
• Top is captive to prevent loss 

Type 

938-P 

938-WB 
938-WR 
938-L 

• No awkward lugs - you solder directly to turret on mounting stud 

of Nickel-Plated Brass .•. 
for General Purpose Use 

Description 

Metal top binding post 
with metal spacer 
Black top, black insulator 
Red top, red insulator 
Shorting link 

Quantity Prices 
10-99 100-999 1000-u p 

$.52 $.38 $.36 

.75 

.75 

.10 

.52 

.52 

.09 

.49 

.49 

.09 

~~ r ' ~ ~lJ~/o_ taS/8 / 
• Gounding post has spacer for proper height - knurl on bottom of spacer 

bites into panel for good contact and prevents rotation 
0 10 5/1~~~ ~~ 
. ~f ~, • Will accommodate banana plugs, telephone cord tips, spade lugs, slender 

alligator clips, wire, etc. - contoured cross-hole grips without shearing 
any wire from A. W. G. No. 40 to No. 10 

• Interlocking, anti-rotation keyed base for any panel thickness to 5/ts". Tf 
keying is not desired, Ys" hole in panel frees key 

• Polystyrene insulating bushings, hollowed to minimize capacitance and 
losses caused by solid dielectric 

• Low dielectric constant and dissipation factor 
• High leakage resistance 
• Minimum moisture effects 
• Self-storing, compatible grounding link available 

Write for complete information 

~~"' 9/16 (ti~': .1 4~ DIA 
"" 27 DRILL 

Oto 5/16---l 1----
1 I ;j t-1/8 MAX. 

3/4 JiA. 1..-a~t 
. i ~I "'-Jr~~-~i?ci"E 

Mechanlc•I. details of I 16 I MA DIA. 
Type 938 Blndln1 Posts 1 i6 1 s 

and Assemblles. 
4 

. B•-. 
. ...... -- 55!!!!!!!!!i " ,,,.,- .- ===:. 

6-32 ,.....~~ I t.::::::: t/4 DIA. 
518 32!--

locking keys in ¥.-inch mounting hole con be omitted 
if locking feotvre is not wonted. 

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

GENERAL RADIO COMPANY 
WE S T C 0 NC 0 RD, M AS S AC HU S E TT S 

NEW YORK, N. Y., 964-2722 CHICAGO 
(Ridgefield, N. J.) 943·3140 (Oak Park) 848-9400 

WASHINGTON, D.C. SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ORLANDO, FLA. CLEVELAND 
(Rockville, Md.)946-1600 454-9323 FL 7·4031 Clos Allos) 948-8233 469·6201 425-4671 886·0150 
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World's Highest 
Power Tetrode
Machlett's ML-8545 

The Machlett ML-8545 general
purpose, vapor-cooled tetrode 
delivers 16% more power with 25% 
less plate voltage (plate modulation 
service) than the closest competitive 
tube. It is capable of 300 kW 
continuous output as a Class C 
amplifier or oscillator at frequencies 
to 50 Mc. Maximum plate input is 
420 kW. Applications include: 
High-power broadcast and 
communications; all-purpose rf 
generation; particle acceleration. 
For details on the ML-8545 and the 
ML-8546 water-cooled version, write: 
The Machlett Laboratories, Inc., 
Springdale, Conn. 06879. An affiliate 
of Raytheon Company. 

ELECTRON TUBE SPECIALIST 

Circle 8 on reader service card 

People 

"It's a challenge I just couldn't re
sist." says B. David James, who 
recently resigned as the Signet
ics Corp.' s vice 
president, re
search , and now 
serves as direc
tor of research 
and ;engineering; 
for the Ultek 
Corp. 

In 1960, James 
helped -to set up 
the Signetics Corp. and contributed 
to th e company's advances in 
epitaxial and thin-Rlm processin g 
techniques. Recently he decided 
he was b ecoming too specialized, 
and turned .his attention to ultra
high-vacuum equipmen t b ecause 
" right now th ere is no sophistica
tion" in the fi eld. 

James, who is 36 years old and 
has a doctorate in physics , will re
tain an affi liation with Signetics as 
a consultant, and h e expects "quite 
a bit" of his evening and weekend 
time to b e devoted to rnicrocir
cuitry. 

Simon Reich may play an impor
tant, if little-known, role in the lives 
of the 3.7 million residents of the 
San Francisco 
Bay area. 

The 26-year
old physicist de
signed the elec
t r o n i c safety 
feature that's 
the heart of the 
General Railway 
Signal Co.'s 
automated rapid-h·ansit system 
which will be tested soon in San 
Francisco. General Railway is com
peting against several other com
panies for a contract to install a 
transit network. 

Reich, who has no formal train
ing in electronics, considers elec
tronics engineering "the only crea
tive process left in the world.'' H e 
uses component catalogs as text
books, explaining, "Reading only 
spoils the creative spark. You only 
learn what others have done. To 
create unheard-of things your mind 
has to be free to go in any direc
tion." 
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Ed Maloney knows rectifiers. 

And he's got it made. 

:Ed's satisfaction with his silicon power rectifiers 
borders on smugness. But that's understandable. 
Look what he's got going for him and you: Com

requirements of MIL-S-19500 and MIL-STD-750. 

petitive prices always. Broad 
market acceptance . Rapid 
delivery on all types. Over 300 
lN types in the JEDEC D0-4 
package, any one of which can 
take a lot more punishment 
than the "lightweights." 
Devices that withstand the 
environmental and mechanical 

TYPE 
NUMBER 

USN IN l 124A,26A,28A 

USAF! N 1199-1206 

JAN 1 Nl202,R,04,R,06,R 

USAIN1614,R-16,R 

Not only that, but you and Ed have: Single
junction construction for lower forward drop. 

MEETING 
MIL SPEC 

MIL-S-19500/1048 

MIL-E-1/1108 

MIL-S-19500/260 

MIL-S-19500/162A 

PRV =50 V to 1000 V. lo = 
1 A to 12 A. Each device 
dynamically tested for per
formance before leaving the 
plant. 100 % testing at 150°C 
operating. And 23 different 
types meeting military specs. 

Join Ed in feeling really con
fident, use Bendix rectifiers! 

Bendix Semiconductor Division r~ncfj/ 
HOLMDEL, NEW JERSEY CORPORATION 

Baltimore (Towson), Md.-(301) 828-6877 ; Chicago-(312) 637-6929; Dallas-(214) 357-1972; Detroit-(313) JOrdan 6· 1420; Holmdel, N. J. 
- (201) 747-540Gt Los Angeles-(213) 776-4100; Miami Springs, Fla. - (305) 887-5521 ; Minneapolis-(612) 926-4633 ; Seattle-Ray Johnston 
Co. , Inc., (206) La-4-5170; Syracuse, N. Y.-(315) 474-7531 ; Waltham, Mass.-(617) 899-0770; Export-(212) 973-2121, Cable: "Bendixint," 
605 Third Avenue, New York; Ottawa, Ont.-Computing Devices of Canada, P.O. Box 508-(613) TAibot 8-2711. 
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SCR Gate Pulse 
Rise Time of 

1 to 3 
Microseconds 

with 
SILICONTROL® 

• Meet triggering requirements for com
pletely balanced SCR firing in 3-phase 
a-c or d-c power control. 
• Gate firing characteristics are bal
anced to within 5° over full 180° excur
sion in all pulse patterns with milliwatt 
signal power. Wide angle phase shift 
technique of SCR conduction angle con
trol with saturable reactor. 
• No bias for pulse reset required-fail
safe-load and control circuits fully 
isolated. 
• Each gate signal output is a constant 
amplitude pulse 180° wide, which pro
vides a full range of control at all phase 
angles without SCR damage. 
• Pulse rise time less than 3 micro
seconds to meet gate firing requirement 
of high-current-rated SCRs. 
• Pulse amplitude is 5 volts minimum 
into a 10 ohm load. 
• Components terminal-mounted on 
epoxy-laminate cards for printed circuit 
wiring. 
• Units available for firing of several 
SCRs in parallel. 

For complete technicq,l data, 
write for Engineering Bulletin 85520A 

to the Technical Literature Service, 
Sprague Electric Co., 35 Marshall St., 
...... ,, •• North Adams, Mass. 01248 

SPRJIGUE® 
THE MARK OF RELIABILITY 

' Spra11:ue' and ·@· are re1istered trademarks of the Sprague Electric Co. 
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Meetings 

Electronics Design Conference, IEE, 
Savory Place, London, W.C.2, England, 
Feb. 8·9. 

American Astronautical Society 
Meeting, ACRS, IEEE; Denver, 
Feb. 8-10. 

Electrical/Electronic Trade Show, 
Electrical Representatives Club, 
Electronic Representatives Assn.; 
Denver Auditorium Arena, 
Denver, Feb. 15·17. 

Solid-State Circuits International 
Conference, University of 
Pennsylvania, IEEE; University 
of Pennsylvania and Sheraton Hotel, 
Philadelphia, Feb. 17·19. 

Annual West Coast Reliability 
Symposium, ASQC, UCLA; Moore Hall, 
University of California 
Los Angeles, Feb. 20. 

Electromagnetic Compatibility Spring 
Conference, SAE; Orlando, Fla., 
Feb. 23-24. 

Particle Accelerator Conference, AIP, 
NSG/IEEE, NBS, USAEC; Shoreham 
Hotel , Washington, Mar. 10·12. 

ISA National Conference on 
Instrumentation for the Iron and Steel 
Industry, ISA; Pick-Roosevelt Hotel, 
Pittsburgh, Mar. 17·19. 

Management Conference on Operations 
Research, Systems Engineering 
and Electronic Data Processing, 
University of Pennsylvania , 
Philadelphia, Mar. 17-19. 

IEEE International Convention, IEEE; 
N.Y. Coliseum and New York Hilton 
Hotel , New York, Mar. 22-25. 

Society of Motion Picture and 
Television Engineers Semiannual 
Conference and Exhibit, 
SMPTE; Ambassador Hotel, 
Los Angeles, Mar. 28·Apr. 2. 

Association of Electronic Manufacturers 
National Convention, AEM, Inc.; New 
York Hilton Hotel, New York, Mar. 29-
Apr. 1. 

Electron Beam Annual Symposium, 
Pennsylvania State University, Alloyd 
Corp.; Pennsylvania State University, 
University Park, Pa., Mar. 3l·Apr. 2. 

Electronic Parts Distributors Show, 
Electronic Industry Show Corp., 
New York Hilton and Americana Hotels, 
New York, Mar. 3l·Apr. 4. 

IEEE Seminar on Space Vehicle 
Reliability, IEEE; Airport Marina Hotel, 
Los Angeles, Apr. 2. 

National Packaging Exposition, AMA; 
McCormick Place, Chicago, Apr. 5-8. 

Cleveland Electronics Conference, 
Cleveland Electronics Conference, Inc., 
IEEE, ISA, CPS, Western Reserve 
University, Case Institute of 
Technology; Cleveland Public 
Auditorium, Cleveland, Apr. 6·8. 

Conference on Impact of 
Batch-Fabrication on Future 
Computers, PGEC/IEEE; Thunderbird 
Hotel, Los Angeles, Apr. 6·8. 

Airlines Electronic Engineering 
Committee General Session, AEEC of 
ALCAC; Eden Roe Hotel, Miami Beach,· 
Apr. 7-9. 

IEEE Region 3 Meeting, 
Robert E. Lee Hotel, 
Winston -Salem, N.C., Apr. 7-9. 

Electronic Components International 
Exhibition, FNIE, SOSA, Pare des 
Expositions (Fair Grounds), 
Paris, Apr. 8-13. 

IEEE Region 6 Annual Conference, 
Nuclear Rocket Development Station, 
Las Vegas, Apr. 13-15. 

Telemetering National Conference, 
AIAA, IEEE, ISA; Shamrock-Hilton Hotel, 
Houston, Tex., Apr. 13·15. 

Call for papers 

Electromagnetic Compatibility Na
tional Symposium, G-EMC/IEEE; 
'Valdorf-Astoria Hotel, New York, 
June 28-30. Feb. 26 is deadline for 
submitting 500-word abstract to D. 
Fidelman, Chairman, Technical 
Program Committee, Electro-Mag
netic Measurement Co. , 50 Baiting 
Place Rd., Farmingdale, N. Y. 
Topics include measurement tech
niques, suppression materials , elec
tro-magnetic pulse problems, ad
vanced EMC theory, radiation 
hazards, interference prediction, 
susceptibility-from DC to light, 
specification considerations, etc. 

Symposium on Plasma Sheath
Plasma Electromagnetics of Hyper
sonic Flight, OAR; New England 
Life Hall , Boston, and classified 
session at Base Theater, L. G . 
Hanscom Field, Bedford, Mass., 
Sept. 21-23. Mar. 20 is deadline for 
submitting both classified and un
classified 200-word abstracts to 
Alice Cahill, CRD, Symposium 
Secretary, Air Force Cambridge 
Research Labs. , L. G. Hanscom 
Field, Bedford, Mass. 01731. 
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HIGH·SPEEO JO mA LOGIC SWITCHES 

Conditions : A ll characten st1cs at 10 mA except Cob@ 10 V. 

DC BVcm Vcl t .. •J Vn 
6 (typ) 0 .2(typ) 0 .55 

AC IT c .. '5 

350 mc (typ) 6 pf(typ) 70 ns 

2N705 2N837 2N972 2 N2259 
JAN 2N705 2N968 2N973 101 
2N710 2N969 2N974 201 
2 N711 2N970 2N975 
2N827 2 N971 2N22 58 

ULTRA-HIGH SPEED 10 mA LOGIC SWITCHES 

Conditions: Same as above. See 2N964A data sheet for c urves. 

DC BVc Eo Vc E[u •J Vu 
lO(typ) 0 .12(typ) 0.45 

AC IT c •• TS 

450 mc(ty p) 4 pf 30 ns 

2N711A 2 N829 2N962 2N965 
2N7118 2 N838 2N963 2N966 
2N769A 2N960 USN 2 N964 2 N967 
2N828 2 N961 2 N9 64 2 N985 
2N828A USN 2N962 2N964A 

HIGH-VOLTAGE HIGH·SPEED 50 mA SWITCHES 

Conditions : Vc1.1 .. 11 & Vu at 50 mA. All other characteri s tics at 10 mA ex-
cept Cob at 10 V . See 2N 2955-7 data sheet for curves. 

DC BVc Eo VCEjHI] Vu 
2 5(typ) 0 .2( typ) 0 .60 

AC IT c •• TS 

375 mc(typ) 4pf 50 ns 

2N2630 2N2955 2 N 2957 207 
2N2635 2N2956 107 

HIGH-CURRENT HIGH-SPEED 200 mA SWITCHES 

Conditions: Vc1.1 .. 11 & Vu at 200 mA. All other characteristics at 10 mA ex-
cept Cob at 10 V . See 2N2381 ·2 data sheet for curves . 

DC BVcEO VCElulJ Vu 
30(typ) 0 .25(typ) 0 .70 

AC fr - 300 mc(typ) Co0-6pf TS - 30 ns 

2N1204 2N 1494A 2N2096 2N2100 
2Nl204A 2N1495 2N2097 2N2381 
2Nl494 2N1496 2N2099 2N2382 

SMALL-SIGNAL AM - FM - IF AMPLIFIERS 

Type No. Typ NF/ db Typ G./ db Typ fm •• / mc 

2N700 6 @ 70 me 23 @ 70 me 1000 
2N700A 6 @ 70 me 23 @ 70 me 1000 
USA 2N700A 7 @ 70 me 23 @ 70 me 1000 
2N741 7 @ 70 me 22 @ 70 me 400 
2N741A 7 @ 70 me 22 @ 70 me 400 
2N3323 6 60 me 13 @ lOOme 500 
2N3324 5.5 60 me 29 @ 10 me 500 
2N3325 5 60 me 30 @ 10 me 500 

SMALL-SIGNAL VHF - UHF AMPLIFIERS 

Type Typ NF TypG. Typ f..,,, 
No. db @ 200 me db @ 200 me me 

2N3279 2.9 20 2000 
2N3280 2 .9 20 2000 
2 N3281 4 .0 20 2000 
2N3282 4 .0 20 2000 
2N3283 5.0 20 2000 
2N3284 5.0 20 2000 
2N3285 5.0 19 2000 
2N3286 5 .5 18 2000 

SMALL-SIGNAL EXTREMELY VHF - UHF AMPLIFIERS 

Type Typ NF TypG, Typ fm•• 
No. db @ 200 me db me 

2N2415 2.6 14 @ 500 me 2500 
2N2416 3 .4 12.5 @ 500 me 2500 
MM1717 2 .4 25 @ 200 me 3000 

SMALL - AND LARGE-SIGNAL VHF - UHF AMPLIFIERS 

Type Typ NF TypG, Typ f..,., Typ Po (mW) 
No. db @ 100 me db @ 70 me me @ 175 me 

2Nll41 3 .0 25 1600 120 
2N1142 3 .5 24 1600 110 
2Nll43 4 .0 24 1600 100 
2Nl 195 3 .0 25 1400 120 
USN 2N1142 3 .5 24 1400 110 
JAN 2Nl195 3.0 25 1400 120 

LARGE-SIGNAL VHF POWER AMPLIFIERS 

Type Min G, (db) Typ fT Typ Po (mW) 
No. 0 .5 W Po @ 160 me me @ 160 me 

2N1561 6 500 700 
2Nl692 6 500 700 
2Nl562 (0.4 W Po) 5 500 600 
2Nl693 (0.4 W Po) 5 500 600 
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A LOT OF MANUFACTURERS 
NO LONGER MAKE THESE 
POPULAR GERMANIUM AMPLIFIER 
AND SWITCHING TRANSISTORS 

• 
~. ~ 

• 

• 

... buZ M~ iA guff yt>U/(/ 
Orr-?h&-&u#' g~1 

You can count on Motorola as your continuing source 
for a complete line of germanium mesa transistors. Over 
90 PNP device types are in stock for widely used switch
ing and amplifier applications! 

Some of the more popular types included are: 

e the 2N1141-43 with typical fr as high as 1200 me. 
Units meeting Mil-S-19500/87 are available. 

• the 2N700 series ... excellent for video amplifiers 
since h,. is flat out to high frequencies. 

• the 101 and 201 series used in the critical Minute
man missile program. These transistors achieved a system 
application failure rate of less than 0.0007% /1000 hours! 
They're now available to all military contractors! 

Looking for excellent forward AGC? Try Motorola 
types 2N3279 through 2N3286 in your high-gain, low
noise amplifiers, oscillators and mixers, and frequency 
multipliers. 

These and many more low cost, high-performance tran
sistors are available today. And, what's more, Motorola's 
volume production capability assures you of a continuing 
source of supply. 
For complete details, contact your nearest Motorola semicon
ductor representative or distributor or write: Motorola Semi
conductor Products Inc., Dept. TIC, Box 955, Phoenix, Arizona 
85001. Meantime, clip this handy listing for future reference. 

ril\ MOTOROLA• 
\r::;J SemiconduC'fors 

2S4-2 
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LTV SCIENCE AND ENGINEERING 

MISSILES, MODILIJV ___ POWEH ON THE GROUND 
Air and space are not the only exciting challenges in 
the science of defense. The Army is finding new ways 
of covering old terra firma in meeting its objective: 
The best equipped tactical force for limited or full-scale 
action anywhere on the globe. 

A good part of the answer lies in battlefield missiles 
and mobility. LTV Michigan Division is supplying the 
Army on both counts. The Army / LTV LANCE, the 
newest battlefield missile , is undergoing development 
tests and the first firing is scheduled for early 1965. 
Being developed to replace the Honest John and 
Lacrosse missile systems, LANCE utilizes a new sim· 
plified guidance and control concept , is the first Army 
missile to use pre-packaged storable liquid propellants . 
The highly mobile LANCE system will extend the divi
sion commander's nuclear and non-nuclear firepower. 

LTV Michigan is also prime contractor fo r the XM-561, 
a un ique double-bodied, articulated six-wheeled vehicle 
which can go almost anywhere the Army fights. It will 
be used for test and evaluation by the military in 
widely varied terrain from arctic wastelands to tropic 
jungles. The design is based on the Gama Goat truck, 
which LTV privately developed. Another highly mobile 
vehicle being developed by LTV Michigan is the PATA 
(plenum air tread amphibian). A series of air cells 
mounted on a belt provides a continuous track on 
which the vehicle rides. 

Highly mobile missile systems and ground vehicles are 
another example of the versatile store of science and 
technology at LTV, leader in electronics, aircraft, 
missiles, space, mobile ground vehicles , ground and 
airborne communications, and range services. 
Ling-Temco-Vought, Inc ., Dallas, Texas. 

DIVISION S AND SUBSIDIARI ES • LTV ALTEC • LTV ASTRONAUTICS • LTV CONTINENTAL ELECT RONI CS • LTV LING ELE CTRO NI CS • LTV MI CHIGAN • LTV MILITARY 
ELECTRONICS • LTV RANGE SYSTE MS • LTV RESEARCH CENTER • LTV TEMCO AEROSYS TEM S • LTV UNIVERSITY • LTV VOUGHT AERONAUTI CS · KEN TRON HAWAII .LTD. 
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LING-TEMCO-VOUGHT. INC. 

Unique articulation system gives six -wheeled XM ·561 its maneuverability. 

PATA crosses hard and soft terrain on continuous track of air-filled cells. 

Army crews at Fort Sill, Okla ., train to operate 
LANCE.. First firing is scheduled for early 1965. 



PHOTOMICROGR APH OF FAIRCHILD SILICON PLANAR EPITAXIAL MICROCIRCUIT 

s2.55! 
Low-priced microcircuits for commercial /industrial applications 

The three-input gate shown above (actual 

i size: • )is one of Fairchild's new integrated 
circuits selling for $2.55 each. These devices 
are functional equivalents of Fairchild 
Micrologic and Milliwatt Micrologic, guar

anteed from 15°C to 55°C. Using the same Planar 
Epitaxial techniques and rigid production control, 
they are specially manufactured for a wide range 
of non-military applications- including commercial 
computers, industrial controls, instrumentation 
and test equipment. 

Fairchild low-priced microcircuits are immedi
ately available in volume quantities. Package: low~ 

silhouette T0-5 type with 8or10 leads. For complete 
details, write for the comprehensive data sheet. 

PRICE LIST MIX NON MIX 
1-24 25-99 100 100 

F,u.L 92329 J-K FLIP-FLOP 9.50 7.60 6.65 6.35 

Fµ.L 90529 HALF SHIFT REGISTER 6.50 5.30 4.55 4.35 

F,,_,L 90029 BUFFER 3.75 3.00 2.65 2.55 

F1,L 90329 3-INPUT GATE 3.75 3.00 2.65 2.55 

F1,L 91529 DUAL 3-INPUT GATE 4.75 3.80 3.35 3.20 

F1-,L 91129 4-INPUT GATE 4.00 3.20 2.80 2.65 

F1,L 91029 DUAL 2-INPUT GATE 4.00 3.20 2.80 2.65 

F 1-'L 92129 EXPANDER 4.00 3.20 2.80 2.65 

F1,L 91429 DUAL 2-INPUT GATE 4.00 3.20 2.80 2.65 

IMMEDIATELY AVAILABLE FROM DISTRIBUTOR STOCKS 

FAIRCHILCJ 

SEMICONDUCTOR 

EASTERN CONNECTICUT Hamden: Cramer Electronics. 288·7771. FLORIDA Orlando: Crescent Electronics Sales, 423-8586: G. F. Bohman Associates, 425·8611 / Winter Park: Valley Elec
tronics, 647-1216. MARYLAND Baltimore: Valley Electronics. N08·4900/Beltsvil/e: Powell Electronics. 474-1030. MASSACHUSETTS Newton: Cramer Electronics, W09·7700 / Watertown: L. L. 
Schley Co., WA6·0235. NEW JERSEY Cherry Hill: Valley Electronics, N02-9337. NEW YORK Baldwin, L. I.: Taylor Electronics Corp-.. 223·8000/Buffalo: Dart Sales, 684-6250; Summit Distribu
tors, 884-3450/Syracuse: Dart Sales, GL 4·9257; Eastern Semiconductor, 454·9247/Westbury, L.1.: Schweber Electronics, ED4-7474. PENNSYLVANIA Philadelphia: Powell Electronics, 724-1900. 
CENTRAL. ALABAMA Huntsville: Schweber Electronics. 539·2756. ILLINOIS Chicago: Avnet Electronics, 678-8160; Semiconductor Specialists. 622-8860; Solid State Electronics, 889-8033. 
MICHIGAN Detroit: Semiconductor Specialists. LU4·5901; Sheridan Associates, 353·3822. MINNESOTA Minneapolis: E. C. Electronics Sales, 888-0102; Semiconductor Specialists; UN6-3435. 
MISSOURI St. Louis: Durbin-Hamilton Electro Corp., 966·3003. OHIO Cincinnati: Sheridan Assoc ia tes, 761-5432; Cleveland: 884·2001; Dayton: 277-8911. TEXAS Dallas: Norvell Associates, 
FL 7·6451/Houston: 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/ Palo Alto: Hamilton Electro, 321-7541 f Redwood City: G. S. Marshall Co., EM 6-8214/ 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. UTAH Salt Lake City: Hyer Electronics. 322·5849. CANADA Toronto, Ontario: Avnet, 789-2621. 

FAIRCHILD SEMICONDUCTOR SALES OFFICES 

EASTERN ALABAMA Huntsville 536-4428. FLORIDA Orlando CH J-2596. MARYLAND College Park 779-6868. MASSACHUSETTS Bedford 275-8450. NEW YORK Endwell 754-2600; Long Island 
ED4·8500; Poughkeepsie 454·7320,· Syracuse GR2-3391. PENNSYLVANIA Jenkintown TU6-6623. CENTRAL ILLINOIS Chicago V/8 -5985. OHIO Dayton 228-1111. MINNESOTA Minneapolis 
UN6-3301. TEXAS Dallas Fl2-9523. WESTERN ARIZONA Phoenix 946-6583. CALIFORNIA Los Angeles HD6-8393; Palo Alto 321-8780, COLORADO Denver 761-1735. WASHINGTON Seattle 
AT 2-5344. CANADA OFFICE: Ontario, Toronto 782-9230. 

PLANAR: A PATENTED FAIRCHILD PROCESS 

FAIRCHILD SEMICONDUCTOR/A DIVISION OF FAIRCHILD C~MERA AND IN STRUMENT CORPORATION/313 FAIRCHILD OR . , MOUNTAIN VIEW, CALIF.l962-50111TWX: 910-379-6435 
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Editorial 

Inspiration for 
product 
planning 
Steadily and inevitably, microelectronics activ
ity is accelerating. The latest giant step is 
described on page 67: a universal packaging 
technique that will mean low-cost complex 
systems. 

Advances of this kind should supply a much
needed stimulus to product planning. Now an 
imaginative engineer has an unprecedented 
opportunity: to apply a new technology to 
generate a torrent of new products. 

A development like the new packaging 
technique couldn't come at a better time. 
Many companies, in and out of the electronics 
industry, have suddenly realized that their 
product planning is moribund or nonexistent. 
At a recent meeting of the National Industrial 
Conference Board, one management consult
ant charged that new product planning was 
U.S. industry's worst weakness. In the elec
tronics industry, product development is espe
cially weak. 

Certainly a few companies-such as Hew
lett-Packard and Texas Instruments-have 
enjoyed spectacular growth as a result of their 
ability to market new products. But a success 
story is the exception. Most companies stumble 
onto new products or rehash their old ones. 

Large companies and small have suffered 
the same disappointments in product plan
ning. The reasons are as numerous as the 
companies, but a few explanations recur again 
and again. Small companies believe they are 
too small to engage in product planning. Big 
companies strangle new ideas with rigorous 
procedures that involve too many people. And 
product planning is based too often on fuzzy 
desires. 

Although engineers have traditionally 
played a leading role in product planning, 
their position has been usurped in the past 

10 years by professional product planners. 
These are usually marketing men who are 
supposed to understand what the customer 
wants. After interviewing consumers, the 
product planners tell the engineers what to 
design. 

The great weakness in this procedure is that 
the customer-even a sophisticated one in 
industry-may not know what he wants. The 
road to bankruptcy court is paved with prod
ucts that were developed to satisfy nonexistent 
desires. 

Generating new product ideas-and then 
identifying the good ones-is one of the 
toughest jobs in industry. Nobody can tell you 
how a good idea is created or where it may 
come from, yet many companies ignore free 
sources of good ideas. 

At Hewlett-Packard-a company almost 
everybody respects for its product planning
an executive says: "\Vhenever we run into a 
measurement problem in the laboratory or on 
the production line, we figure other people 
have the same problem too, so it becomes an 
idea for a new product." Then Hewlett-Pack
ard screens its product ideas, on the premise 
that it doesn't pay to introduce a product 
unless the device represents a real engineering 
advance. 

Another often-slighted source is the coterie 
of purchasing agents in a customer's plant. 
Every day these men are searching for equip
ment to satisfy current demands. They can 
tell you what features are needed and what 
features their companies won't buy. 

But nothing is richer as a source of ideas 
than a big advance in technology; that's what 
makes microelectronics such a potential stimu
lus. Many economic limitations on the kinds of 
products you can build with microelectronics 
-consumer, industrial or medical-have sud
denly been swept away. Man y products that 
were deemed too expensive to be built in an 
electronic form can now compete favorably 
with nonelectronic devices. 

With low-cost microcircuits and packaging 
techniques, designers tell us they can slash the 
costs of systems at least 50o/o--as much as 90% 
in a few cases. And if that thought is intrigu
ing, consider this: one approach may make 
microcircuit chips with nearly 100 separate 
components for only a few cents! 

What more encouragement does an engi
neer need? 



_Should YOU specily 
this small lour-pole relay by PuB? 

Here is why so many engineers have 

An extraordinary combination of features distinguish the KH relay. Small 
size (only slightly larger than one cubic inch), 4-poles, exceptional electrical 
stability over a long life, a wide choice of mountings ... all of these and more 
are found in the KH. 

SWITCH FOUR CIRCUITS 
FROM LOW LEVEL TO 3 AMPS 
This is a four-pole re
lay normally used in a 
4 Form C arrange
ment. It can be sup
plied with a 2 Form Z 
(DPDT-DB) config
uration or, by not wir
ing certain contact 
terminations, a ny 
four-pole combination 
of Forms A or B may 
be achieved. Berylli
um copper is used for 
the contact arms for excellent conduc
tivity and long mechanical life . 

Both AC and DC relays are available. 
Minimum power requirement for AC re
lays is 0.55 volt amperes at 25° C. DC re
lays will operate on only 0.5 watts at 25° 
C. KH relays are rated at 3 amperes, as 
shown below. Und er certain favorable 
conditions, KH relays will switch up to 5 
amperes providing extended life is not 
required. 

TERMINAL BLOCK 
CONSTRUCT/ON CONTRIBUTES 
TO RELIAB/l/TY 
Glass reinforced al
kyd, a material of ex
ceptional dimensional 
stability and dielectric 
properties, is u~ed for 
the terminal block . 
The terminals are 
molded into the block. 
This construction 
serves to keep the re
lay in precise adjustment throughout its 
life . The pierced solder terminals are easily 
accessible, speeding hook up. 

CHOOSE FROM WIDE 
VARIETY OF MOUNTINGS 

The terminal block is 
uniquely embossed to 
a llow for mounting 
KH r elays on metal 
strips or angles. This 
embossing, around the 
two bottom terminals, 
keeps the relay from 
turning when the nut 
is tightened on the 
stud. The KH may be 
mounted in a variety 
of ways. A tab-and
stud mounting plate 
on a ny side or the top 
of t h e dust cover is 
available. Also, a 
choice of three sockets 
may be used to make 
the KH a plug-in relay. 
One socket has printed circuit tabs, the 
other two have pierced solder terminals. 

CHOICE OF 
ENCLOSURES TO MEET All 
REQUIREMENTS 

Dust covered KH re-
lays (KHP ) can be 
ordered with translu
cent nylon or clear 
Lexan cases. Hermeti
cally sealed relays are 
designated KHS, and 
are enclosed in a steel 
cover. The nylon cases 
are available on spe
cial order in red , blue, 
green . yellow or black so that relays in 
various circuits may be color coded. 

RELIABILITY OF KH SERIES 
FIELD-PROVED IN MANY 
APPLICATIONS 

The KH has found its way into such diverse 
gear as citizens band transceivers, dictating 
machines, walkie-talkies, computers, aircraft 
communications equipment, scoreboards, 
alarm systems, and many others. 

For full information call your local P&B 
distributor or Sales R epresentative, or write: 
Potter & Brumfield, Princeton, Indiana. 

KH SERIES SPECIFICATIONS 

CONTACTS: 
Arrangements: 4 Form C (4PDT). 2 Form Z 

(DPDT-DB). 
Rating: 3 amps a 30 volts DC or 115 volts AC 

resistive for 100,000 operations. 

COILS : 
Resistance: DC : 11,000 ohms max , 

AC : 3,900 ohms max . 
Power: AC : 1.20 volt amperes nominal @ 

+25°C., .550 volt amperes mini
mum @ + 25°C. 

DC : 0.9 watt nominal @ + 25°C., 0.5 
wattminimumoperate a +25°C., 
2.0 watts maximum @ + 25°C. 

TIMING VALUES: 
Nominal Voltage <if 2s 0 c. 

Pull-in time 
Drop-out time 

Max. Values 
13 ms 

INSULATION RESISTANCE: 
1500 megohms min. 

MECH. LIFE: 
DC : In excess of 100 million cycles, 
AC : In excess of 50 million cycles. 

ENCLOSURES: 
Dust cover or hermetically sealed, 

TERMINALS: 
Solder lug and taper tab. 

SOCKET: 

10 ms 

Solder lug or printed circuit terminals, 
Available as accessory, 

DIMENSIONS: 
1-21/64' x 1-7/64' x 55/64' 

POTTER & BRUMFIELD Now available at leading 
electronic parts distributors Division of American Machine & Foundry Company, Princeton, Indiana 

In Canada: Potter & Brumfield, Division of AMF Canada Ltd., Guelph, Ont. 
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Simpler memory 

with plasmas 

Japan expected 

to bar Tl plant 

Two lasers work 
at room heat 

Electronics Newsletter 

February 8, 1965 

Scientists at the Boeing Co. are experimenting with solid-state plasmas 
as a way to achieve simplified associative memories. The plasmas, dense 
collections of charge carriers free to move within the material, are gener
ated by applying an electric field to a bar of germanium or indium 
antimonide. 

When a magnetic field is applied parallel · to the electrical field, the 
plasma becomes unstable and causes oscillations characterized by waves 
traveling in a helical pattern along the bar. Detection of the presence or 
absence of the oscillations or their frequency provides a mechanism for 
reading out binary data. 

Because the frequency of oscillation depends on the applied voltage 
and magnetic field , such memory elements can be addressed in several 
ways, Boeing says. This would allow cross-indexing of data stored in 
the memory, with circuitry much simpler than that of conventional 
wired-core memories. Although operation at low temperature is now 
mandatory, Boeing thinks it will be possible to devise systems operating 
over a wide temperature range. 

The Japanese government is expected to reject a proposal by Texas 
· Instruments, Inc., to establish a semiconductor plant in Japan. 

Japanese electronicl! concerns have been fighting to bar TI, which 
they fear might capture the integrated~circuit market before they get 
commercial production going. TI also wanted to make control devices. 

A government spokesman said TI will be advised to make another 
application later, on what Japan considers a more reasonable basis. The 
Japanese may relent if TI agrees to make technical agreements with 
local companies or to share its technology in some other way, the spokes
man indicated. 

Lasers are warming up. A West German laboratory announced the first 
continuous operation of a ruby laser at room temperature, and a United 
States company said it had operated a pulse-type _liquid laser at room 
temperature. Until now, both laser actions have required cooling to cryo
genic temperatures. 

The ·continuous-wave laser was reported by the quantum electronics 
group at the central laboratory of Siemens & Halske AG in Munich. 

The ability to produce continuous output from ruby at relatively low 
pumping power is attributed to a pumping arrangement developed by 
D. Roess, who heads the laser and maser laboratory at Siemens. An ellip
tical mirror and water cooling are used for the light source and crystal. 

Researchers used a rod ruby with a chromium content of about 0.035%. 
The threshold for c-w laser action was achieved with a two-inch mercury 
arc lamp at a pump input power of 3.2 kilowatts. Measured output of the 
laser was 10 milliwatts. Roess says that eventually the threshold level 
could be reduced to less than 1 kilowatt for a rod of the same size. 

He expects his technique to make c-w output of 10 to 100 watts avail
able soon. 

The liquid laser development was announced by General Telephone & 
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New circuits 

for computers? 

Plane contacts 

base via Syncom 

Focused light 

makes masks 

18 

Electronics Newsletter 

Electronics Laboratories Inc., the research subsidiary of the General 
Telephone & Electronics Corp. 

The laser uses a europium-chelate solution, in which the pump energy 
is absorbed in the large organic part of the molecule and is transferred to 
the rare-earth ion. -

GT&E scientists Harold Samelson, Charles Breacher and Vincent 
Brophy used a cavity consisting of a cell one millimeter in diameter closed 
by mirror pistons. The cell was surrounded by a water-cooled spiral flash 
tube. Above threshold, output showed the spiking characteristic of laser 
action, and the spectral distribution narrowed to a single sharp line at 
6,119 angstroms. 

Early in the work, 1,700 joules input was needed to produce laser 
action; but recently the energy threshold was reduced to about 100 joules, 
with output measured at 30 millijoules per cubic centimeter of the 
solution. 

A new family of commercial complementary microcircuits is being 
examined by Burroughs Corp. and Honeywell, Inc., with an eye toward 
including them in new computer systems. The microcircuits are produced 
by the Fairchild Semiconductor division of the Fairchild Camera & 
Instrument Corp. 

The new circuits, called CTL' s for complementary transistor logic, are 
npn-pnp circuits arranged on a single chip. 

Texas Instruments, Inc., has produced such microcircuits for the 
Minuteman missile. And Motorola, Inc., says it has the technology to 
produce them, but has found no demand. 

A teletype message from a Pan American 707 cargo plane took the long 
way home from the Formosa Strait to Camp Roberts, Calif., 7,000 miles 
away. The message and the reply traveled 40,000 miles via Syncom 3, 
the communication satellite. It was the first such air-to-ground transmis
sion, and it indicates that interference-free communications between 
aircraft and out-of-sight land stations are practicable. 

The message was transmitted at 148 megacycles and received at 136.5 
megacycles. The over-all noise level was only three decibels, and engi
neers said there was no noticeable Doppler effect. 

"The tests conclusively prove that worldwide satellite communications 
for commercial aircraft is a possibility within two years," said Waldo W. 
Lynch, vice president, communications, at Pan American World Airways, 
Inc. 

Photographic masks, tiny enough to he used directly to etch integrated 
circuits, are being made automatically by an experimental machine devel
oped by the National Cash Register Co. for the Air Force Avionics 
Laboratory. 

Masks are conventionally made by photographically reducing the size 
of large patterns. The new machine draws the pattern on a photoplate 
with a focused spot of light. The plate is on a stage that is moved under 
the light by a punched-tape control. 

The company says errors in lines are less than 0.00002 inch and errors 
over a 1-inch plate are less than 0.0001 inch. 
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WORLD'S 
SMALLEST 

and 
MOST 
RELIABLE! 

Monolithic Analog 

Computing Modules ... 

~~~"':~.~ -
G/M Analog 

Voltage 
Multiplier 

New Micro-miniature G/ M 
Analog Voltage Multiplier 
measures only 0.1 cubic 
inch, weighs but 0.1 ounce. 

''MAG MOD~' 

Micro Magnetic Multiplying 
and Dividing Modulators* 

THERE IS NO SUBSTITUTE 
FOR RELIABILITY! 

• CIRCUIT COVERED BY U.S. 
PATENT NO. 2758162 

MONOLITHIC MICRO CIRCUIT BLOCK for analog voltage multiplying 
of D.C. and A.C. voltages. 

ADDITION, SUBTRACTION, MULTIPLICATION AND DIVISION of many 
voltage variables may be handled by one G/M Magnetic Microblock. 

PRODUCT ACCURACY of up to 0.2 % of full scale, with very slight 
derating over a wide temperature range. 



.THE LATEST ADVANCE IN 

1 Micro Miniaturization 
G/M 

SOLID 
STATE 
MAGNETIC DIVISION 

MODULES 
Completely so lid state modules that perform 
analog d ivision , provide accuracy of 1 % or 
better ov er numerator and denom inator 
ranges of 20 to 1. Numerator consists of an 
A .C. input signal; denominator is a D.C. con
trol signal. These modules make it possible 
to avoid complex, cumbersome circuitry form 
erly used in solving analog equations, and in 
trig function conversion . Features include the 
high reliability of magnetic devices, adapta 
bility to any signal frequency from 60 cps to 
over 100 kc, operation over wide ambient 
ranges and in severe environments. Small 
size is ideal for printed circuits . 

1.S 1V 4V SV • Ac INPUT {NUMERATOR) 800 CPS 

~ Hi--+-~I-+---+-\c---+-+--t--t-+-+--+--+-+--t--t 
~ 12 1-++-+-'\..+-+-"--'l~r---+--l--t-+--t-+-+--+-t--i 

~ 0 9 >-H--+--+'~""""'l'---+---+D.. ___ i'----+,...__--+-oL .-+-+--t--+--+----t 

i h~~v -\-l--1--t-L-"'-'k+-+-+l-t= ~~~d-+-+-t---1 i 0.6 _l~li I"- l'-t-- t--

~ 03 ISl f'-.... 

O 0 BO 160 240 320 400 480 560 
DC SIGNAL MILLIVOLTS (DENOMINATOR) 

(% Error of Theoretical Prod.) 

Input Control Signal Range 

DC Resistance of Input Si nal Ran e 

Input AC Sig. Range Amplitude, Freq. 

AC Output Product Range 

Null at Max. AC Signal, Zero DC Sig. 
Output Impedance 

External Load 

Temperature Range 

Null Drift over Temp. Range 
Accuracy Variation over Temp. Range 

Hysteresis in % of Max. Input DC Sig. 

% Harmonic Dist. in Output Prod. Wave 

Overall Dimensions (in Inches) 

Approximate Wei ht (in Ounces) 

OTHER G/M COMPONENTS 
Also available is a complete line 
of magnetic modulators, mag· 
netic mult iply ing modulators, 
high stability oscillators and re
lays . Write today for bulletins 
MM 101 Series Micro Magnetic 
Modulators, MM 102 Miniaturized 
Magnetic Modulators, MM 103 
Standard Magnetic Modulators, 
MM 104 Miniaturized Multiplying 
Modulators, MM 105 Miniaturized 

500 ohms 
0.6 V to 3 V RMS 

Phase Rev. 100 KC 
0 to 1 V RMS 

@ lOOKC 

15 mv RMS 

650 ohms 

10 K to 100 K ohms 

- 55°C to + 85°C 

0.1 % of f.s. 
± 0.5% 

0.1 % 

Less than 5% 

% x 2~2 x Yi 
0.26 oz. 

High-stability Oscillators, MM 106 
Micro Magnetic Multiplying Mod-~AA 
ulators, MM 107 Magnetic Relays 

1 
N ... c'. 

and MM 108 Solid State Magnetic 
Demodulators. 

GENERAL MAGNETICS 

MICRO MAGNETIC 
MULTIPLYING MODULATORS 

• Absolute reliability
unlimited life 

• Extreme stability with 
negligible change of product 

accuracy over a wide 
temperature range 

• High shock and 
vibration proof 

• Bandwidth may be extended 
for the kilocycle range 

• Low milliwatt power 
consumption 

• Four quadrant operation 
• Repeatable data over years 

of continuous, unattended 
operation 

• Simple, lightweight, rugged 

• May be mounted directly 
on printed circuit cards 

SPECIFY "MAG MOD" for proven reliability in solid state 
amplitude module applications. These dependable instru
ments are widely employed in flight systems, fire control, 
analog computers, guided missiles, nuclear equipment, an
tennas and thousands of control systems. Micro-circuit, min
iature, subminiature, standard and specials available. 
CUSTOM REQUIREMENTS - Customized application engineer
ing, when required, will be performed on a no-charge basis. 

5% 
0 to ± 500 µa 
me to 40 cps) 

12.5 K ohms 12.5 K ohms 12.5 K ohms 70 K ohms 
0 to 3 V RMS 0 to 3 V RMS 0 to 3 V RMS 0 to 3 V RMS 

Phase Rev. 3200 c s Phase Rev. 2400 cps Phase Rev. 800 c s Phase Rev. 400 c s 
0 to 1 V RMS 0 to 1 V RMS 0 to 1 V RMS 0 to 1 V RMS 

@ 3.2 KC @ 2.4 KC @ 800 CPS @ 400 CPS 
10 mv RMS Max. 10 mv RMS Max. 10 mv RMS Max. 5 mv RMS Max. 

13 K ohms 12 K ohms 8 to 10 K ohms 15 K ohms 

50 K ohms 50 K ohms 50 K ohms 50 K ohms 

- 55 °C to + l00°C - 55°C to + 100°C - 55°C to + 100°C - 55°C to+ l00°C 

0.1 % 0.1 % 0.1 % ± 0.2% 

± 0.2% ± 0.2% ± 0.2% 1% 

0.1 % 0.1 % 0.1 % 0.25% 

3% 3% to 5% 5% Maximum 5% 
3~4 x 2~2 x Yi 3~4 x 2~2 x Yi 3~4 x 2~2 x Yi 3~4 x 2~2 x Yi 

0.26 oz. 0.26 oz. 0.26 oz. 0.26 oz. 

GENERAL MAGNETICS • INC 
135 BLOOMFIELD AVENUE, BLOOMFIELD, NEW JERSEY 07003 

THERE IS NO SUBSTITUTE FOR RELIABILITY 

Bulletin MM 109 



PRODUCED THIS WE'VE DESIGNED AND 
TRICKIER TRANSISTOR. 
ALL THE REST BESIDES. 
HARDLY ANYTHING IN 
THAT HITACHI DOESN'T 

AND NEARLY 
NOW THERE'S 

AN HITACHI TV 
MANUFACTURE. 

For many years now Hitachi has been producing practically every transistor they need for their large TV range. 
All, that is, except one. The trickier one. But, now Hitachi is even producing this. It's called the Ultra High 
Frequency transistor. So, now the circuits are almost complete. Nearly all 100% Hitachi. Nearly every tran
sistor ... diode ... and picture tube is designed ... developed ... and produced within the confines of Hitachi. 
The advantages in quality control, reliability and price must be distinctly apparent. For full details of all Hitachi 
transistors, please write to the addresses below: 

HITACHI SALES CORPORATION: 333. N. Michigan Avenue, Chicago 1, Ill., U.S.A. Tel: 726· 
4572/ 4 I 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 I HITACHI, LTD., DUESSELDORF OFFICE: 
Graf Adolf Strasse 37, Duesseldcirf, West Germany Tel: 10846 
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CONSIDER YOUR HARNESSING OPERATION ••• 

\ \ . 

\ 
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Would you like to save money 
while improving the product? 

Have you considered that your company 
may be overlooking the possibility of 
achieving savings on harness operations 
while, at the same time, the product is im
proved? Gudebrod engineers have been 
making recommendations to companies like 
yours with just such results! Here's how it 
is done: 

FOR THE STANDARDS ENGINEER 
As electronic engineering becomes more and 
more sophisticated, as the use of electronic 
equipment becomes more widespread, the 
specifications, even for lacing materials, 
become more exacting. Gudebrod engineers 
can suggest the right tying tape for your 
particular requirements. The brn hundred 
plus types of tape in the Gudebrod line are 
specially designed for specific purposes and 
each one of these tapes is engineered for 
efficiency in the tying operation as well. 
Our engineers will be happy to work with 
your Standards Engineer to save money 
while improving the product. 

FOR THE METHODS ENGINEER 
Gudebrod has engineered its entire tape 
line with the basic idea of producing tapes 
that "tie themselves." Easy, safe handling, 

non-slip knots, trim harnesses have been 
kept in mind-features that speed the 
harnessing operation. In addition, there are 
dispensing packages, cut lengths, bobbins, 
color identification-custom designed for 
the lacing job. Gudebrod engineers will be 
pleased to work with your Methods Engi
neer to save money while improving the 
product. 

FOR THE PRODUCTION ENGINEER 
Gudebrod has a lacing tool, the Cable-Lacer, 
the first hand tool specifically designed to 
ease and speed harness tying. No longer need 
cable lacing be a hand wearing, hand 
tearing chore. The Cable-Lacer has paid 
for itself in as little as one day-you can 
benefit from the savings every day there
after. A Gudebrod engineer would welcome 
an opportunity to demonstrate the Cable
Lacer-and to work with your Production 
Engineer to save money while improving 
the product. 

HARNESS OPERATION SURVEY - ·FREE 
Consider then, this offer by Gudebrod to 
work with your Standards, Methods and 
Operating Engineers in suggesting how to 
save money on harness operations while 
you improve your product. A Gudebrod 
engineer will make, at your convenience, a 
complete survey of your harness materials, 
methods and production. It will be a 
thorough-going review well worth while
and there will be absolutely no cost or obli
gation . Why not write or phone today 
requesting your survey? 

UDEBRDD BROS. SILK C0.1 INC. 

~~~ 
12 S 0 UT H 12th STREET. PH IL ADELPHI A . PENNSYLVANIA 19107 

Area Code 215 1 WA 2-1122 •TWX 215-569-8551 
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PAR excellence in a digital voltmeter 

It's small 

,_ 
- 8 4.8 

The new PAR Model CS-3.1 
represents a breakthrough 
in reducing the size of digi
tal voltmeters. The size re
duction has been achieved 
without compromising the 
outstanding operating char
acteristics of this unit. 

+.4 2 8 

It is only 6~" wide, 5" high and 8%" deep. Weighs 
but 9 lbs. Two units can be mounted in a 5%" 
rack panel without any modification or special 
mounting hardware. Individual units can be used 
as digital panel meters. 

It's versatile 
The CS-3.1 digital volt
meter can be used in 
many applications. 
Ranging is automatic. 
Polarity indication is au
tornfltic. It is available 
with ten line decimal 
coded output for digital 
print-out. It may be used 
with an associated re
mote readout. Balancing 
time is from 0.15 to 3.15 
seconds, depending on 
the change of range. 
Sensitivity is 1 millivolt. 
Accuracy is ±0.1% 
± 1 count. 

••• 
·~ , ..... 
•••• J 

It's reliable 

Completely solid state electronic circuitry except 
for two miniature nuvistor tubes at the input stage 
of the comparator to obtain high impedance input. 
High reliability dry-reed relays are used to switch 
the attenuators, for automatic ranging, automatic 
polarity, and amplifier stabilization. Long service 
free life is assured by use of glass epoxy boards, 
aged zener references, rugged plug-in printed 
circuit construction, and long life nixie tubes. 

It's loaded 
Truly floating· and guarded differential input cir
cuit permit differential voltage measurements with 
guard floating up to ± 500 volts DC with respect 
to chassis, which is at power line ground. 
Common mode rejection is greater than 100 d.b. 
Input impedance is a minimum of IO megohms at 
all times. 

Write for bulletin no. 107 to: 

\AR~ Princeton Applied Research Corp., Dept D., Box 565, Princeton, New Jersey 
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Communications 

Telephones aloft 

i\lan's ability to escape the nagging 
ring of the telephone is about to 
be cut down again. Air-to-ground 
radiotelephone service may soon 
be available to the 35,000 business 
aircraft in the United States. 

\Vith approval of the commercial 
se1Tice by the Federal Communi
cations Commission impending, 
makers of mobile radio equipment 
figure on $100 million in sales of 
original equipment. Each two-way 
communication unit would cost 
about $3,000. 

The service has been in effect 
experimentally for about seven 
years, with 10 ground terminals 
serving more than 90 planes . It 
will take the American Telephone 
and Telegraph Co. two to three 
years to complete the 60 to 90 sta
tions needed for nationwide serv
ice. But existing facilities will serve 
travelers over the Northeast as 
soon as equipment is in stalled in 
the aircraft. · 

Airlines are cool. Airlines are not 
enthu siastic about the service. They 
foar a tieup during bad weather. 
If a system under control of the 
crew could be worked 011t, how
ever, they say they may be willing 
to provide an air-ground phone. 

The airborne caller selects an 
open channel, and presses his talk 
button to signal the ground-station 
operator. He gives her the n11mbcr 
and the call goes through in the 
usual manner except that the air
borne party must push the button 
to talk and release it to listen. 

From the ground, a caller dials 
long distance and gives the opera
tor the approximate location of the 
aircraft. The operator dials a five
digit number and the control 
equipment automatically adds an
other digit that identifies the chan
nel to be used. In the plane, the 
receiver automatically tunes in to 
that channel. 

In a company plane, executive 
tries out airborne radiotelephone. 
He'll charge calls to 
his air telephone number. 

Three-minute rates are expected 
to vary from about $1.50 to $4, with 
each additional minute adding 
from 50 cents to $1.35. 

Suppliers. Although AT&T is 
carrying the ball in this develop
ment, other companies will be in
volved immediately, notably the 
independent telephone companies 
and radio-equipment manufactur
ers . Airborne equipment is avail
able now from the Delco Radio 
division of the General ~fotors Co. 
and other manufacturers of mobile 
radio equipment expecting to get 
into the market. The user, not the 
telephone company, furnishes the 
equipment. 

Ground stations will be about 
200 miles apart, and the same 
channel frequencies will be re
peated at about 500-mile intervals 
to reduce co-channel interference. 

Reception range. An aircraft will 
have to be Hying between 5,000 
and 30,000 feet for good coverage. 

Communication with any one 
ground station will generally be 
good for about an hour. Low-Hying 
planes generally travel slower than 
those at higher altitudes; therefore, 
one at 5,000 feet will cross a 200-
mile-wide circle in about the same 
length of time that it takes for a 
jet airliner flying at 30,000 feet to 
cover a 500-mile-wide circle. Both 
craft will receive good signals in 
these instances . 

The 450-megacycle band has 
been selected for the system. There 
are six frequency-modulation ( ± 
15 kilocycles) duplex channels plus 
the ground-air ( ±5) signal chan
nel. Both airborne and ground 
transmitters are rated at 15 watts 
output. 

When a channel is idle, a dial 
tone is transmitted from the ground 
station at about 0.5 watt ; this per
mits the customer in the plane to 
select a channel. The ground-air 
signaling channel uses combina
tions of 600- and 1,500-cyclc tones 
to operate the selective calling 
equipment in the channel chosen 
by the ground operator. 

Radios in subways 

The first link of a radiotelephone 
system for the New York City sub
ways is expected to be operating by 
June. In part it's an answer to the 
crime wave that has terrorized sub
way riders . The system provides 
the first two-way communications 
for trainmen with police or track 
dispatchers. 

A motorman will be able to com
municate with a train dispatcher on 
one channel of the network. A sec
ond channel will link a central dis
patcher's desk with subway police 
and track workers, who will carry 
mobile radios . Each channel will 
have its own frequency. 

The first phase of the project, 
costing about $750,000, covers a 
section on the Lexington Ave
nue line, from the Bowling Green 
Station to 125th Street. 
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Special cable. The system, which 
is being built by Motorola Com
munications & Electronics, Inc., a 
division of Motorola, Inc., uses a 
special cable produced by the Am
phenol division of the Amphenol
Borg Electronics Corp. The cable 
acts as an antenna, "leaking" radio
frequency signals, which are picked 
up by the receivers. 

Six separate 25-watt base-station 
transmitter-receievrs must be in
stalled over the 15-mile link be
cause power falls off sharply in a 
tunnel. The cable, which is de
signed so that power losses don't 
exceed one decibel per 100 feet, is 
fireproof and can be used in radio 
systems in any tunnel or mine. 

Signals from mobile radios are 
transmitted to and from the various 
fixed transmitters-receivers in the 
tunnel. The signals are then sent 
over wire lines to central control 
consoles. When a signal comes into 
the console, a light is activated on 
the panel telling the operator where 

·the call originates. 
Subway police, track walkers and 

flag men will carry 1.4-watt trans
mitter-receivers and motormen will 
have 8-watt radios that are plugged 
into the 32-volt outlet on the train. 

Manufacturing 

Pi-winder 

Howard A. George, owner of the 
Coil Winding Equipment Co., has 
given coil designers some strangely 
shaped coil windings produced by 
an experimental machine he in
vented. He believes these coils are 
superior to those wound on con
ventional machines and will cost 
less. The new winder will be shown 
for the first time at the IEEE Show 
in New York on March 22. 

The machine can wind universal 
coils at angles up to almost go 0

, 

compared to the conventional 25°, 
and it's unusually fast-it is rated 
at 6,000 rpm and has made coils 
at g,000 rpm. Use of the winder for 
other types of components is under 
investigation. 

To minimize dielectric losses in 
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Winding angle of new machine is set by changing 
rotational plane of flyer at right. 

radio-frequency coils, the aim is 
to keep the distributed capacitance 
as low as possible. In the familiar 
pi-woun<l or universal coil the wire 
crosses the coil face at an angle. 
The higher the angle, the fewer 
the turns in each layer, and the less 
the capacitance. 

Bow ties and balls. Coils wound 
by the new machine look like bow 
ties in cross-section-their sides 
slope inward, instead of remaining 
straight as in the customary pi
wound coils. '1Vhen wound at 
angles near goo the coils resemble 
balls of twine. 

The machine can wind toroids 
from the outside, instead of the 
slower inside-outside technique, by 
enclosing the toroid in wire. It 
might also be used to wind lumped
constant delay lines, with delays 

Machine can be used to wind coils 
into unusual shapes. 

adjusted by varying the capacity 
in the wound "lumps." 

The most interesting new pos
sibility, George says, is the winding 
of noninductive resistors from a 
single strand of wire. Normally, 
pairs of wires or pairs of windings 
are needed so that current can fiow 
in opposite directions and cancel 
inductances. 

However, if a ball is wound by 
using a goo winding angle, the 
windings look like lines ot latitude 
on the earth. '1Vhen the windings 
have progressed 180" around the 
ball, the direction of current fiow 
in the wire becomes reversed. The 
lines of latitude become pairs of 
wires lacing in opposite directions. 

These new torms are still ex
perimental because the relationship 
between capacitance and induc
tance in coils wound at such high 
angles has not been studied. 

Orbiting flyer. The machine 
winds at high speed because it 
does not use the cams and re
ciprocating motions generally used 
in universal winders to move tl1e 
wire rapidly back and forth across 
the coil form. 

The winding principle is akin 
to drawing scrolls on moving paper 
with a pendulum. The coil form 
revolves on a spindle at the left 
(see photo) while the wire guide 
rotates in a different plane on the 
Hyer at the right. The winding 
angle is set by swiveling the right
hand mechanism on the bed plate. 

The effect is as though the flyer 
were orbiting with a wobbling mo-
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tion over the 'Coil form, thus form
ing the lattice pattern. One-half or 
less cross per turn is made if the 
spindle revolves in the same direc
tion as the flyer, and one-half to 
five crosses result if they go in 
opposite directions. 

Higher angles. Conventional uni
versal winders are limited to a 25° 
angle, George says, because of the 
need to balance winding slippage 
and wire tension. Also, as coil 
diameter builds up, the winding 
angle drops until at about 5° lat
tice tying becomes insufficient for 
further winding. 

Because his machine winds at 
a constant angle, the tying or inter
locking action is maintained as the 
coil builds up. 

Components 

High hope for low-light 

Space and military applications 
may open up soon for the image 
orthicon, a low-light-level camera 
tube now restricted to entertain
ment and industrial uses. 

These new applications are pos
sible because of the reduction in 
weight, size and power neC'ds of 
the electrostatic image orthicon de
veloped at the General Electric 
Co.'s h1be works in Syracuse, N. Y. 

Now the "see-in-the-dark" tube 
can be tested for use in round-the
clock weather surveillance by satel
lite. Applications are seen for an 
electrostatic image orthicon with a 
fiber optics faceplate. In combina
tion with image intensifiers, the 
new h1be could provide passive tar
get surveillance and detect enemy 
movements in the dark. 

Portable tv studio. The 11-ounce 
tube can be housed in a light
weight, compact camera head. In 
combination with a small video 
tape recorder, it would make a suit
case-sized remote television studio. 

According to GE, electrostatic 
focusing and deflection give 30-
fold reduction in power drain, 20-
fold reduction in weight, and a five
fold cut in size. The conventional 
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Electrostatic image orthicon was 
developed by General Electric Co. 
engineers Kurt Schlesinger, left, 
and Bernard Day. Reduced power, 
weight and size may now give it a place 
in military and space applications. 

image orthicon weighs 14 pounds 
and employs magnetic focusing and 
deflection, requiring yokes and 
coils in its circuitry. Both the 
weight and bulk are prohibitive for 
satellite applications. 

Camera system circuitry for the 
orthicon has been simplified and 
allows the designer greater flexibil
ity to produce variable scan and 
frame rate capability. 

On one watt. Operation of the 
electrostatic rube is similar to that 
of the magnetically focused ver
sion. But tiny, lightweight compo
nents-a Deflectron, an Einzel 
lens, and a spiral lens-which re
quire much lower power levels, do 
the deflecting and focusing. Only 
one watt handles deflection, focus
ing and collimation. 

The Deflectron was invented by 
Kurt Schlesinger of GE who, with 
Bernard Day, developed the elec
trostatic image orthicon. The De
flectron is a ceramic device with an 
internal circuit pattern for bending 
the electron beam. It has a common 
center of deflection for both hori
zontal and vertical beams, and re
places the deflection plates of the 
magnetically operated tubes. 

The Einzel lens focuses the beam 
with an electrostatic field which is 
changed by varying the voltage. 
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A nonlinear, spiral lens plays a 
major role in tube readout by colli
mating the beam so that it strikes 
the tai·get at precisely a 90° angle 
and prevents shading in image 
quality. 

Sensitivity. Also, a high-gain, 
thin-film magnesium oxide target 
can store signals for a longer time 
prior to readout, providing greater 
sensitivity with low frame rates or 
beam pulsing. 

The new electrostatic image orth
icon has a resolution of 600 lines 
per frame. It is predicted that it 
will achieve higher sensitivity lev
els, but it also is expected that the 
magnetically focused and deflected 
tubes will outperform the electro
static tube in very high resolution 
applications. 

Price slash 

When motors with printed circuits 
instead of conventional windings 
were first introduced in 1959, they 
cost $350. Prices have been h1m
bling since then, and now Printed 
Motors, Inc., whose PM-368 motor 
had been selling for $150, has 
slashed that price to $65. 

The motor, redesignated the U9, 
will be even cheaper in quantity; 
in lots of 2,000 the price is $40, 
down from $92. This, says the com
pany, will make the U9 competitive 
with conventional a-c and d-c servo 
motors. All parts of the U9 are off
the-shelf equipment. 

Big market. Producers of me
dium-speed data processing equip
ment, will be the big-volume buy
ers, according to the company, a 
division of Photocircuits, Inc. 

Orders for the new U9 have come 
in for these applications: 

• Driving tape reels in an analog 
magnetic tape recorder that oper
ates at 100 inches per second; 

• Operating in a point to point 
numerical control system that in
dexes a table at 90 positions per 
minute; 

• Recording data in a 25-line 
printer that gets output from a 
computer; 

• And driving a paper tape 
reader at 500 characters per sec
ond. 
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The company claims that the 
printed-circuit motor is used in 
these applications because it pro
vides smoother torque and higher 
speed of response than conven
tional geared motors. 

Printed Motors hints that in the 
near future it may introduce a less 
precise printed motor for under 
$10. 

Medical electronics 

Heart readings anywhere 
That little black bag the doctor 
carries on house calls may soon 
hold a device that, in emergency 
heart cases, could mean the dif
ference between life and death. 

The three-pound transistorized 
device, made by the vVestinghouse 
Electric Corp., lets the doctor view 
magnified electrocardiograph sig
nals on an oscilloscope screen right 
at the patient's bedside. Called 
the Miniscope, it works on four 
rechargeable flashlight batteries 
and will retail for about $380. 

Other portable instruments on 
the market now weigh about 20 
pounds, provide a printed record 
of the electrical activity of the 
heart, and cost nearly $600. 

In Baltimore city hospitals the 
Miniscope is being used under the 
direction of Dr. Joseph Reddings, 

chief of anesthesiology. Dr. Red
dings says the instrument is useful 
for clinical observations of a pa
tient's heart, although it wouldn't 
be used for detailed studies re
quiring a printed readout on cali
brated tape. 

The Miniscope contains a minia
ture oscilloscope mounted in a case 
that measures seven by five by two 
inches. The electrical pulses are 
picked up by two small suction 
plugs that are fastened to the 
palms of the patient's hands. The 
pulses are reproduced as waves on 
the face of the oscilloscope. Two 
control knobs are provided: one 
for amplifying or reducing the 
height of a wave and the other for 
centering the wave on the oscil
loscope screen. 

Computers 

Accordion circuits 
Another computer manufacturer 
has put microcircuits to work. The 
Burroughs Corp.'s newest modular 
multiprocessor, the D-84, devel
oped for general-purpose military 
use, is the company's first with in
tegrated circuits. 

The 100-pound computer, like 
its big brother the D-825-of which 
more than 40 have been sold-is 
a collection of independently op-

Electrocardiogram is taken with the new Miniscope. Portable instrument from 
Westinghouse Electric Corp. provides clinical data on patient's heart. 
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erating memory, data-processor 
and input/ output modules, each 
the size of an attache case. 

Each D 84 will be custom de
signed (the number of modules and 
the configuration depends on the 
application) so Burroughs hasn't 
fixed a price. The smaller D 84' s 
will probably cost under $100,000. 

Folded circuits. The logic cir
cuits are organized much like the 
computer itself. Each subassembly 
is a functional whole of up to 12 
different integrated circuits. For 
example, the circuits needed in a 
six-bit register make one subas
sembly and four of these make a 
24-bit register. 

Although the subassembly de
sign is unusual, it is relatively easy 
to make. The circuit flatpacks are 
welded or soldered to five-inch
long, double-sided printed circuits 
made on H-film. H-film is a new 
thermally stable plastic made by 
the Du Pont Co. Its char point is 
800° C. Copper-foil tabs put on 
top of the flatpacks provide a 
ground path and heat sinking. 

The strip assembly is accordion
folded into a comb-shaped plastic 
header with 28 pins. The header 
assembly is potted and plugged or 
soldered into a double-sided 
printed-circuit laminated to an alu
minum plate by a silicone-rubber 
pad. The plate acts as stiffener, 
heat sink and ground plane. Two 
boards make a plug-in card of 48 
subassemblies. Four cards make 
up the central-data-processor mod
ule. 

Two circuit speeds. Resistor
transistor circuits for the nand-nor 
logic are supplied hy Fairchild 
Semiconclucto1: and General Micro
Electronics, Inc. 

Power is saved and cooling prob
lems avoided by using slower cir
cuits where high speed isn't 
needed. Some circuits dissipate 4 
milliwatts and have an average de
lay of 40 nanoseconds. Others dis
sipate 20 milliwatts and have 20-
nanosecond delay. \Vith a 2-micro
second memory, the computer can 
add in 4 microseconds. 

Other types of circuits are used 
where higher power is needed. 
Thin-film circuits with attached 
transistors and diodes drive the 
4,096-word memory. Some input/ 
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Now-TRIMPOT® Miniature Adjustable 
Time Delays for Critical Applications 
Need to stall for time? These two miniature modules offer delays 
with a repeatable accuracy of ± 5% from -55°C to + 120°C. 
They are the Bourns Model 3900 Time Delay Relay and Model 
3907 Time Delay Module. Both units give you the versatility of 
either the DPDT high-current-carrying capabilities of an integral 
relay or the long operating life of a solid state timing switch . 
Both modules are capable of providing a time delay range of 
0.1 to 200 seconds by the external addition of a readily avail 
able resistor or a capacitor-resistor combination . More 
important, these miniature time delays have a self-contained 
adjustment feature by means of a Bourns TRIMPOT® potenti· 
ometer allowing precise selection of the desired delay time 
through a 1. 5 sec. range. 
Model 3900 employs a DPDT relay capable of one ampere at 
26.5 VDC, while Model 3907 features an internal SPST NO 
solid state device rated at 250 milliamperes at 26.5 VDC. 
An internal diode protects the units against accidental polarity 
reversal , and protection is provided against transients up to 
200% of the operating voltage with pulse widths of 0.5 micro
seconds. Both models have all welded circuitry, are vacuum-

potted and meet the environmental requirements of MIL-R-
57570. They readily withstand 20G, 2000 CPS vibration and 
75G shock. 
Models 3900 and 3907 are available from stock. Write today 
for complete technical data. 

Time delay range : 
Nominal voltage : 
Life (min): 
Output: 

Contact rating: 

Ambient temp. 
range : 

Size : 

MODEL 3900 MODEL 3907 

0.1 to 200 Seconds 0.1 to 200 Seconds 
20 to 30 VDC 20 to 30 VDC 
105 cycles 106 cycles 
DPDT Relay SPST NO - Solid 

State 
1 ampere resistive 0.05 amperes resis· 

at 26. 5 VDC, live at 26.5 VDC, 
120°c 120°c ; 0.250 

amps at 25°C 

- 55 to +120°c - 55 to +1 20°c 
.4' x .s• x 1.31 • .4' x .s• x 1.0· ACTUAL SIZE 

1 )90URNS. 

BOURNS, INC .. TRIMPOT D I VISION 

1200 COLUMBIA AVE., RJV~RSIOE, CALll". 

PHONE 884-1700. TWX : ?Y• - ea2 891!112 
CABLE : BOURNSINC. 

MANUFACTURER: TRIMPOT• & PRECISION POTENTIOMETERS, RELAYS: TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA 
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Accordion-folded subassemblies are 
made by attaching flatpacks to flexible 
strip of printed circuitry. 

output-module circuits are made 
with discrete components, since 
the module usually must actuate 
electromechanical devices. 

Expandable system. The mem
ory and data-processor modules 
are standard assemblies, but the 
1/ 0 module is custom-built to suit 
peripheral gear such as displays, 
printers or communications sets. 

The basic D-84-one of each 
module plus a power supply in the 
housing--occupies 1.4 cubic feet 
and dissipates 110 watts of power. 
A half-size version can be made, 
too. If extra data-processor mod
ules are used, a memory-switch 
module, also made with integrated 
circuits, lets them share the mem
ories. Up to 16 memories, made 
with thin films or cores, can be in
cluded in a system. 

The modules don't have to go 
into one housing. \i\T alter \i\T al sh, 
program managPr, says they can be 
linked by cables and put. for exam
ple, in armor-plated bu lg<'s at dif
ferent points on a tank. If the sys-
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tern has more than one of each kind 
of module, and some get knocked 
out of action, the computer will 
continue operating as long as one 
of each module still works. 

Space electronics 

Balloons and buoys 
Next year Nimbus B will be picking 
up weather data from free-floating 
buoys in the sea for the National 
Aeronautics and Space Adminis
tration. The ·weather Bureau has 
other plans for collecting weather 
data and if an experimental program 
known as Scomo (Satellite Collec
tion of Meteorological Operations) 
works out, five years from now 
new satellites may be orbiting over 
a worldwide chain of 7,000 con
stant-latitude weather balloons to 
pick up information. 

Scomo has been in the works for 
some time [Electronics, Feb. 21, 
1964, p. 14] but now seems ready 
to move ahead. The \Veather Bu
reau has awarded a $100,000 con
tract to the G. T. Schjcldahl Co. for 
five experimental weather balloons 
that will have two-dimensional cir
cuitry deposited on an extremely 
thin, 0.001 inch Teflon suhstrate. 

The experimental balloons will 
be demonstrated in May at a meet
ing of the World Meteorological 
Organization. If their performance 
is satisfactory, it may mean the go
ahead for a data-gathering system 
that would space 7.000 similar bal
loons around the world. Each bal
loon would be fixed at a constant 
altitude, ranging from 10,000 to 
107,000 miles above the earth. 

In the system, the ground station 
would send commands to the satel
lite and the satellite would interro
gate the balloons. Responses would 
be stored in the satellite until its 
next pass, 90 minutes later, over 
the ground station where the data 
would be retrieved. 

Thin package. The maximum 
thickness of an oscillator in the 
circuit will be 0.050 inch, while the 
transmitter, receiver, logic circuits 
and solar cells would be 0.010 inch 

thick each. Platinum resistors less 
than 1 mil thick will be attached 
to the circuits, while the other cir
cuit elements including plate ca
pacitors, finger capacitors and in
ductors will be of deposited copper. 

Buoys. For the NASA system, 
Nimbus B, in addition to taking 
cloud-cover pictures, will collect 
data from free-floating buoys in the 
sea and relay it to central ground 
stations every 90 minutes. Radia
tion, Inc. will receive $1.7 million 
to produce four satellite electronics 
packages and six buoy electronics 
packages. 

Up to 14 free-floating buoys will 
be equipped with sensors for read
ings of pressure, temperature, hu
midity wind speed and wind direc
tion. These readings, along with 
two range measurements to enable 
location of the buov, will be trans
mitted to Nimbus. 'Each buoy will 
have a transponder that transmits 
at 465 megacycles with 25 watts of 
power. Transducers and digital 
logic receive the satellite's coded 
address and digitize the weather 
information. 

\Vhcn the satellite passes over 
the buoy, it will transmit its ad
dress code at 400 Mc with 25 watts 
of power. This commands the buoy 
to send the weather information. 
The information will be stored in a 
20,000-bit ferrite core memory and 
transmitted later on command to 
the ground stations at Fairbanks, 
Alaska and Rosman, r. C., by 
pulse-code modulation. 

At t11e ground stations, a signal 
at 465 Mc commands Nimbus to 
transmit the contents of its mem
ory to the ground. 

Comsat's customers 
The Communications Satellite 
Corp., preparing to begin com
mercial service to Europe in May, 
must first make some business de
cisions with far-reaching effects in 
the electronics industry. 

Comsat is expected to file its 
proposed rates with the Federal 
Communications Commission. The 
FCC must also decide on who will 
own the ground stations, and who 
may lease channels. 

There's no problem getting cus-
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AIR BATH (STABILITY+ 0.01°C) 
Type 9152 series of saturated standard cell Constant Temperature En
closures have ±0.01 °C long term stability. Enclosures feature a new 
patented solid state temperature controller. Standard models house 
from 4 to 12 cells. Type 9152/P4 is a portable enclosure designed as a 
transfer standard for intercomparison with NBS and users lab. Operates 
in extreme ambients; testing down to -20°c shows no deterioration in 
internal temperature control. Saturated cells contain porous partitions 
and can be shipped by commercial carrier. Accuracy guaranteed to 
0.0001% with NBS figures. Power required : 110 v/60 cps or 12 VDC 
with automatic switchover for AC power failure. A bridge detection sys
tem, that eliminates a thermometer and absolute temperature as an 
accuracy factor, indicates internal temperature variances to ±0.001 °C. 

0 IL BATH (STABILITY+ o.os 0 c) 
Type 9730 series of oil baths are thermostated at one fixed temperature 
setting or adjustable for a number of fixed points between 20°C and 
40°C. New, patented solid state temperature controller regulates bath 
to ±O.OS°C. Thermistor bridge detects ±0.01 • c variations in tempera
ture control. Gradients in bath less than ±0.01 °C. Construction fea
tures are all copper terminals, 34" x 17" x 13" deep (ID) stainless steel 
insulated tank, 14" of formica bench space slanted toward bath, motor 
driven impeller for optimum oil circulation (mounted underneath tank) 
and cooling tubes to lower temperature of bath below ambient. 

THE SINGER COMPANY 
METRICS DIVISION 915 PEMBROKE ST ., BRIDGEPORT, CONNECTICUT 

TELEPHONE (203) 366·3201 • TWX 710·453·3483 

Design and production of PANORAMIC • SENSITIVE RESEARCH • EMPIRE • GERTSCH instruments for measurement 

C::irrl~ ~1 nn ,..°' .... ,.,,... .. ---·:-- -- • 
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tamers. The American Telephone 
& Telegraph Corp. has offered to 
lease about half of the 240 chan
nels that are expected to be made 
available. Canada also wants some 
channels. So do other prospective 
users. 

Whatever the rates, the FCC has 
said it will insist that the public 
be able to make a telephone call to 
Europe via satellite at no more 
than the present $12 cost for a 
three-minute call. By 1970, satellite 
service and worldwide direct-dis
tance dialing are expected to cut 
fees 50%. 

Who can use it? The selection of 
customers isn't as simple as it may 
sound. Congress has stipulated 
that Comsat make its services 
available to common-carrier com
munication companies, such as 
AT&T and the nationalized sys
tems of Europe, and to "other 
authorized entities" as determined 
by the FCC. The obvious question 
is: what constitutes an authorized 
entity? 

Comsat has received informal 
queries from news media, such as 
the Associated Press and radio net
works; also from the International 
Business Machines Corp. and other 
companies interested in leasing 
circuits for private use, particularly 
for transmitting data for comput
ers. If the FCC approves, these 
organizations could lease circuits 
directly from Comsat, probably at 
a lower rate than if they had to 
work through a common carrier 
such as AT&T. 

'Vithin the next few weeks , the 
FCC is expected to issue a pro
posed ruling and to call for com
mPnt from prospective users of the 
satellite. Some months after that, a 
decision will probably be reached. 

Ownership. The communications 
industry is divided over who 
should own ground stations in the 
United States. The initial Early 
Bird service will use AT&T's sta
tion in Andover, Maine. But Com
sat wants sole ownership of all 
ground stations; AT&T J1as said 
it would accept a 50% shared O\\"n
crship arrangement between Com
sat and t11e carriers. Some other 
users want to own the stations 
themselves and have the FCC Ii-
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cense them like radio stations. 
Final arguments were heard Jan. 

25, and the FCC says it will make a 
decision by early spring. 

There is more at stake than the 
first four stations, scheduled to be 
built in the Northeast, Southwest, 
Northwest and Hawaii. Eventually 
there is a good chance that ground 
stations may be placed near every 
major U.S. metropolitan area. It is 
this long-range potential that 
makes the scrambling so vigorous. 

Instrumentation 

Stemming the tide 

The flood of test-data documents 
threatening to engulf the National 
Aeronautics and Space Administra
tion may be stemmed by the use 
of video tape. 

An automated document-filing 
and retrieval system developed by 
the Ampex Corp. will be installed 
at the Marshall Space Flight Cen
ter in Huntsville, Ala., by the mid
dle of the year. The microfiling sys
tem, called Videofile, will cost 
$875,000. Subsequent systems will 
cost from $200,000 to $1 million , 
depending on their complexity. 

St. John Courtenay, of the tech
nical and scientific staff of Mar
shall's Astrionics Laboratory, says 
that ultimately the system will be 
expanded to include all NASA in
stallations, and their major contrac
tors. The Videofile system at Mar
shall \Viii be used primarily in 
connection with the Saturn pro
gram. 

In videofiling, documents are re
corded on the same kind of mag
netic video tape used- in television 
broadcasting. The system includes 
a video-tape recorder with elec
tronic location-coding and a buffer 
stage. The output is displayed on 
a tv screen. Documents may also be 
retrieved in the form of printed 
copies. 

Winning features. Ampex re
ceived the contract after competi
tive bidding. Factors in making the 
award, NASA technical staff mem
bers indicate, included the modular 

nature of the system, permitting 
economical and virtually unlimited 
expansion; use of solid-state elec
tronic techniques to record, erase, 
update and display; and ease of 
data transmission to and from re
mote locations by microwave video 
or standard facsimile. 

In the Videofile system, which 
can be used as well in commercial 
and industrial applications, a tv 
camera photographs the document, 
and the image is stored on one 
space on the tape, which is held 
stationary. A recording head mov<'s 
across it as the picture is scanned. 
A seven-digit code is put on the 
edge of the tape at each document 
location. The code, punched in by 
a keyboard operator, permits auto
matic location of a document. 

Queries come through a key
board, punched cards from a com
puter, or other input methods. The 
Videofile locates the material by 
scanning the codes on the tape 
track. A searcher can scan a com
plete category until the required 
document is located. 

No tie-ups. A buffer stage is pro
vided so that the system will not be 
tied up while a document is being 
read out. A memory tube stores the 
image of the document when it is 
located, and this is read out on the 
tv screen. 

The Videofile at Huntsville will 
be available to all NASA organiza
tions and their contractors. It will 
store source documents and other 
technical data for the Parts Relia
bility Information Center, or Prince, 
a clearing house of information on 
reliability of parts and equipment 
used in space programs. 

Graphics. At present, the index 
to Prince is automated to provide 
access to abstract and bibliographic 
data on parts reliability and per
formance. The next step, Videofile, 
will automate graphic technical
data storage, retrieval and dissemi
nation. 

The prodigious storage capabil
ity of the modular Videofile on-line 
hardware configuration can eco
nomically handle systems ex
ceeding 25 million graphic imag<'s, 
according to NASA estimates. Each 
reel of videotape can store more 
than a quarter of a million 8112 by 
11-inch images. 
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ITI Heat-Shrink 

Tubing forms 

a tight mechanical 

bond seconds after 

applying heat. 

ITT Heat-Shrink Tubing bonds/jackets/insulates/ 
splices/ encapsulates/ weatherproofs 

ITT Heat-Shrink Tubing is used to insulate 
terminals and tools, to assemble and weather
proof wire bundles and to protect them against 
abrasion, to vibration-proof and weatherproof 
electrical connectors. Possibly you can add to 
the growing list of other mechanical and elec
trical insulation applications. 

This highly versatile tubing is made of irradi
ated polyolefin which, upon exposure to heat at 
250° F., shrinks in seconds to form a tight 
mechanical bond over even irregularly shaped 
items. Heat can be applied by a hand held in
dustrial hot air gun (for applications such as 
terminal insulation in junction boxes) or by 

wire 
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conveyor belt through-oven installations for 
mass production. In fact, almost any heating 
method except direct flame can be used. 

ITT Heat-Shrink Tubing is available now from 
stock in a variety of colors (for color coding), 
sizes (up to 1" diameter) and wall thicknesses 
(for increased strength and high dielectric). 

Undoubtedly there are money-saving, time
saving applications of ITT Heat-Shrink Tubing 
in your operation. Discover its almost limitless 
possibilities. For a free sample write Wire and 
Cable Division, International Telephone and 
Telegraph Corporation, Clinton, Mass. 

and cable division ITT 
Circle 33 on reader service card 33 



A. King McCord, 
President, Westinghouse Air Brake Company, says, 

"We've introduced the world to WABCO with Industrial Advertising." 

"We gave seven individual companies a single 
corporate identity-virtually overnight. We let 
customers in thirty major markets know that 
Westinghouse Air Brake now ranks among the 
world's most skilled and diversified suppliers-of 
earthmovers, drilling equipment, compressors, 

Advertising cuts the cost of selling ... 
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automatic signal and control systems, electronic 
guidance detection and communications equipment, 
control valves, hydraulic and pneumatic cylinders, 
and-that's right-air brakes. We told the story fast 
and inexpensively to hundreds of thousands of pur
chasing influences, with Industrial Advertising." 

ASSOCIATION OF INDUSTRIAL ADVERTISERS 
271 Madison Ave., New York-, N. Y. 10016 
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You need a pushbutton switch~ 

Bill, at the next board, needs a toggle switch. ~Cl 

Sam's looking for p.lacard indicators . 

. Joe wants a switchlite. 

Harry wants a hermetically-sealed switch. 

Here's the easy way to get all the answers at once! 

Just check the bingo card in this book for any or 
all of the Control Switch catalogs listed below. Or 
send us a card of your own. 

If you get all of our catalogs you'll have it made. 

First, because these catalogs cover a combination 
of switch types and switchlites that no other 
manufacturer can offer. So you get a concentrated 
reference. 

Second, because some switch manufacturers 
don't make any of the switches we make. So Control 
Switch catalogs save wild goose chases. 

Third, because we make only quality switches. 
For computers, aircraft, missiles, control panels, 
and such. So our catalogs save time screening 
out switches that haven 't got it. 

CONTROLS 
~COMPANY 
...:;;jlOF AMERICA 

Iii 

CONTROL SWITCH DIVISION 
1420 D elmar Onve, Folcroft. P ennsylvania 19032 , 

Here's the list. Check the Reader Serv
ice Card number at the left for the 
catalogs you want. 
# 233 Condensed Switch Catalog 100 
# 234 Basic Snap-Action Switch Cata-

log 110 
# 235 Toggle Catalog 180 
# 236 Indicator Light Catalog 120 
# 237 Hermetic Switch Catalog 130 
# 238 Switch lite Catalog 220 
# 239 Pushbutton Catalog 190 
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Now ... coaxial patchcord programming! 
If you've been inserting, removing, changing and re· 
inserting individual or multiple coaxial connectors ... 
hold everything! Simple or complex switching of coaxial 
circuits needn't be that tedious. Not any more. We've 
designed a Coaxial Patchcord Programming System 
to do the job for you. 

This system is a natural for analog work as well as other 
critical low-level applications including telemetry instru
mentation, data processing, communications and test 
equipment. You can change programs as rapidly as you 
can change a patchboard, and pre-program at your 
convenience. 

In fact, our Coaxial Patchcord Programming System 
gives you all the flexibility of Universal Patchcord Sys
tems, including post patching. Permanent boards feature 
up to 3036 individually shielded contacts ... one-crimp 
coaxial contacts that connect the rear board with the 
equipment you are programming. A special camming 
mechanism provides AMP's exclusive double wiping 
action. This action removes lint, dust and other foreign 
contaminants from the surfaces of the rear board spring 
contacts and patchcord tips and assures reliable elec· 
trical contact. 

Not only is this the first patch board programming system 
for coaxial cable, it's universal in concept. Hybrid sys
tems are available to let you mix coaxial and universal 
patchcords in one system! 

Circle 36 on reader service card 

Here's a rundown on performance specs: 

Minimum resistance between adjacent contacts: 1Ql3 

ohms 

Maximum VSWR: 1.2 from 0 to 100 megacycles 

Adjacent cross talk: -60db from 0 to 100 megacycles 

Contact spacing: .375" x .270" 

Double wiping action and redundant contacts assure 
positive contact 

Contact areas: gold over nickel plated 

Four standard sizes: 506, 1012, 2024 and 3036 
contact positions 

Find out how easy coaxial patchcord programming 
can be in your operations. Write today for complete 
specifications. 

•Trademark of AMP INCORPORATED 

r-----------------------, 
I ! INDUSTRIAL I 
I I s~~ 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 are available through subsidiary companies in: 
Australia • Canada • En1land • France • Holland • Italy • Japan • Mexico • West Germanr 
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Budget plays down 

civilian electronics 

•Rewson' means . 
quicker data 

Eglin's radar 

to be rebuilt 

Changes planned 

in patent system 

Washington Newsletter 
February 8, 1965 

President Johnson's spending plans for fiscal .1966, starting July I, are 
skimpy for civilian programs requiring electronics. Great Society pro
grams in health, welfare, job training and education get the big increases 
this year. Many programs involving electronics are postponed in John
son's drive to hold spending under $100 billion. 

The Administration is deferring major research and development 
sought by federal agencies in astronomy, seismology, high-energy physics 
and oceanography. While the Post Office checks. out automatic zip-code 
and address readers, its research and development budget drops by $3 
million, to $16 million. 

The Weather Bureau, one of the few gainers, gets an increase of $28 
million, to $145 million. Of the increase, $20 million is for weather satel
lites. The Bureau of Standards' research to develop a common language 
for computers goes up $1 million, to $5.5 million. 

The economy drive slows efforts throughout the government to auto
mate the handling of scientific and technical information. Spen~ing for 
these programs will be held close to the present $200-million-a-year 
level, although they have been growing 10% annually. 

Johnson's science adviser, Donald Hornig, says that some R&D efforts · 
that were deferred this year will stand a better chance next year. 

The Navy is making life easier for electronics companies working on 
certain highly classified projects, and for its own bureaus, by establish
ing a central projects office to which both industry and Navy bureaus 
can go for information. 

The new office also is expected to eliminate duplication in Navy 
research activities. 

The new office is called Rewson, an acronym that is freely derived from 
its list of interests: reconnaissance, electronic warfare, special operations 
and Naval intelligence processing systems. Rewson is part of the Office 
of Naval Materiel. Before Rewson was established, these projects were 
managed independently by different Navy bureaus. 

The Pentagon definitely will rebuild the AN/FPS-85 early-warning and 
satellite-tracking radar at Eglin Air Force Base, Fla., high military 
sources say. The $30-million system was destroyed by fire Jan. 5 [Elec
tronics, Jan. 25 p. 101.] 

The new phased-array unit will have the same basic design as the 
original, but some improvements will be incorporated, taking advantage 
of technical advances made since the original system was designed. 

The radar is expected to cost far less than the original, since research 
won't have to be duplicated. 

Each branch of the federal government has plans that could profoundly 
change the patent system. 

The Johnson Administration plans to increase fees so that patent hold
ers will pay the full cost of operating the Patent Office; the Supreme 
Court has agreed to consider whether an inventor can sue for triple 
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Two V /STOL's 

gaining favor 

Steeper cut seen 

in excise taxes 

Addenda 
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Washington Newsletter 

damages if it is proved that a rival fraudulently patented his idea; and 
Senate Whip Russell B. Long is stepping up his drive to tighten the 
Federal grip on patents generated by government research. 

Under the Administration's fee plan, the Patent Office's $8-million an
nual income from fees would eventually be tripled. Operations, which 
now cost $30 million a year, would be streamlined and automated. The 
biggest boost would be in periodic renewal fees, so that inventors would 
be less inclined to leave the Patent Office clogged with uncommercial 
ideas. A patent that now costs $60 to obtain and maintain for its 17-year 
life would cost $400 under the new plan. 

The Justice Department urged the Supreme Court to take the patent 
case because patent fraud is a recurring problem and present law gives 
an inventor no ground to recover damages. The court is being asked to 
allow the inventor to sue under the antitrust laws. 

Sen. Long, in his drive to stop the government from "giving away" 
patents that "belong to all the people," is tacking amendments to every 
piece of research and development legislation in the Senate. 

The Pentagon is expected to narrow the field soon to two prototypes of 
a V /STOL, a vertical or short-takeoff and landing craft. It has been study
ing six different versions. 

The two survivors probably will be the XC-142, a tilt-wing transport 
plane made by Ling-Temco-Vought, Inc., the Ryan Aeronautical Co. and 
the Fairchild Hiller Corp.; and the P-1127, a swiveling-jet strike-recon
naissanr,e plane built by the Hawker Siddeley Group, Ltd., and jointly 
funded by the British, United States and West German governments. 

Operational tests will determine, as one Pentagon civilian official put 
it, whether V / STOL craft "are worth the extra cost." 

After 14 years and a $300 million investment in V / STOL programs, 
the House Armed Services Committee is pressuring the Pentagon to 
decide whether a V / STOL tactical fighter can be developed. Meanwhile 
it is urging the services not to overcommit themselves to helicopters. 

Top administration officials hint that the $1.75 billion excise tax reduction 
proposed by President Johnson may be even steeper-possibly double 
that size. 

This encourages makers of business machines, radios and television 
sets to fight for repeal of excise taxes that now add about $300 million a 
year to the prices of these products. 

There will be intense lobbying until late March or April, when the 
President will specify which excises should be cut to make up his tax-cut 
package. Then the focus will shift to the House Ways and Means Com
mittee and the Senate Finance Committee, where specifics will be 
thrashed out. 

Prospects are good that at least half of the present excise burden will be 
lifted from consumer electronics and business machines. 

The Commerce Department is expanding an experiment with the Elec
tronic Industries Association and five regional organizations to get gov
ernment research results into the hands of local industries. A 23-state 
network should be operating by July 1. 
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Him say, 0 When reliability counts, count on Mylar®." 
lhere'll be no signaling from your computer (or its oper
ators) if you make certain that all your tapes are on a 
base of "Mylar"*. That's because "Mylar" is strong (a 
tensile strength of 20,000 psi), stable (unaffected by 

~ 
•1C"Ou \ .. 10'f 

Be tter Th ings for Beller living 
•.. through Chemistry 

temperature or humidity changes) and durable (no plas
ticizer to dry out or become brittle with age). No wonder it. 
has been the most used tape base for the past ten years. 
Remember: When reliability counts, count on "Mylar". 

only DU PONT makes 

MYLAR® 
POLYESTER FILM 

• ou Pont's ree1sle red trademark fo r dS polyester fd m . 
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FOR PRECISION INSTRUMENTATION 
• • .. CONSIDER ROHDE & SCHWARZ 

UNIQUE 
PHASE AND LOSS 
MEASURING SYSTEM 
TYPE PDF 
10 CPS TO 50 MC FREQUENCY RANGE 
The PDF measures phase and attenuation of 4-terminal networks or trans
mission lines. Major applications include measurement of filters, crystals, 
cables, communication and television systems, antenna arrays, semi· 
conductors, ferrites, microcircuits, amplifiers, receivers, attenuators, etc. 
• Simultaneous reading of attenuation and phase. 
• Extremely wide range of frequency 10 cps to 50 Mc. 
• Frequency converter increases sensitivity to 50 

micro.volts. 
• lnpots adaptable to conventional characteristic im· 

pedances or usable with high impedance. 
• High impedance attenuator probes are also included. 

f 
. rifj. -

liiiiiiiiiiiiiiiiiiiiiilliiiil..iiiiiiiiiiiiiiiiiiiiiiiiiiiiii. .................... Cir·cl·e·N·o·.•
2
•
22 
.................... .. 
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FIELD STRENGTH 
METER TYPE HFH 

0.1 to 30 Mc 
Frequency Range 

Measures electric and electromag
netic components of a field directly 
by means of one calibrated rod and 

l 
three rotatable loop 
antennas. Does not 
require use of cali
bration charts be-
cause it has a built
i n tracking cali
brating oscillator. 

• Linear range of 20 db and 
logarithmic ranges of 40 and 
60 db. 

• As field strength meter, its range 
is 0 to 120 db ( l µ.V/ mto 1 V/ m). 

• Calibration is indepe.ndent of ag
ing of tubes and components. 

• Can be operated from 12 volt 
battery for field operation. 

• Measures average and peak value. 

Circle No. 223 

FREQUENCY 
SYNTHESIZER 

TYPE XUA 
30 Cycles to 30 Mc 

Continuously Adjustable 
This extremely popular instrument 
combines excellent resolution (0.5 
cps) with w.ide range. Frequency is 

·read on only 
I:) ·three scales in 
• : . Mc, kc, and 

·----·- cycles. It is 
·· I:) l:l t:J ·~ widely used for 
t~ • • • J determining I = ;., ~ . frequency char-

-• e • acteristics of 
filters, frequen-

• cy selective 
networks, amplifiers and communi
cations systems without need for 
accessory counters or frequency 
meters. 
• Adjustable in crystal-controlled 

steps of 100 kc and 1 kc. 
• 0 to 1000 cycle scale has 0.5 

.cps reading accuracy. 
• Output voltage continuously vari

able from 100 µ.V to 1 V by 
means of precision attenuator 
and output voltmeter. 

• Stability of built-in ---- ..,, . ........... -~ ... ~ 

crystal is 2 x 10-• 
per day. 

DIAGRAPHS PLOT 
IMPEDANCE DATA 

30 to 2400 Mc 
Frequency Range 

The Diagraphs employ the direc
tional coupler principle. Measure
ments are made directly on a Smith 
or transmission-line chart without 
computation - saving time, ex
pense, and elim inating error. 

Baluns, variab le shorts and acces
sories for measurements of semi
conductors ava i lable. 
• Measures impedance and admit· 

tance. 
• Plots transmission characteris

tics. 
• Acts as a phasemeter from 

-lso· to +iso·. 
• Acts as a linear measuring re

ceiver. 
• Two frequency ranges available: 

30 to 420 Mc or 300 to 2400 Mc. 

Circle No. 224 L='~'· .... , Circle No. 225 

Please have salesman call on me. Circle No. 226 

<8> ROHDE & SCHVVARZ 111 LEXINGTON AVE . 
PASSAIC. N . J , 
201.-773-8010 

ELECTRONIC MEASURING EQUIPMENT FOR THE UNCOMPROMISING 
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Send for Sales Specification Sheets 
Representative Circle 220 on reader service card Circle 41 on reader service card 

Low cost PNP Planar Transistors, Sperry's industrial types, provide quality ... and a heads-up 
method of reducing cost. You get the proven reliability of the planar process in a hermetically sealed 
T0-46 package. Which of these features will provide your peace of mind .. . low noise figure for minimum 

error signal detection; a typical gain bandwidth in the 50 me range to provide design ~(~ ~y 
ease in broad band amplifiers ; BV mm of 40 V and 60 V compatible with commonly s 
used industrial power sources. Circuit designers and systems designers in many 
industries are turning to Sperry's industrial transistors to preserve their own econ-
omy. Makes sense. Here are our new types: 2N3579 ... 2N3580 .. . 2N3581 ... 2N3582. SEMICONDUCTOR 

D Try a little peace of mind for yourself ... write for the technical data on Sperry's . 
industrial types ... now. 0 SPERRY SEMICONDUCTOR, Norwalk, Connecticut 06852. 

Electronics \ February 8 , 1965 

DIVISION OF 
SPERRY RAND 
CORPORATION 
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WHICH ONE 
IS THE BEST 
VLF RECEIVER? 

"""-·--. ··--· .. _ _. __ _ . ._._' ':-·.:.: . 
- ~--, - ~· _;; - - l!ll ,,.-

- ~ ,· -. . -
·- ·- -· --

They all are! Whichever you select, you can't go wrong because all six are EECO 
880 Series VLF Receivers/Phase Comparators . And now-with major new fea
tures including an all electronic servo-EECO VLF Receivers are better than ever! 

• Tunes entire IRIG designated VLF band using only three digital thumbwheel 
switches; no other tuning, filter selection, or local oscillator switching is required 
• Utilizes an electronic servo with adjustable tracking rate for phase correction • 
Provides a built-in counter and recorder to display phase correction • Disables 
servo automatically during loss of VLF signal • Makes a nearly instantaneous 
frequency comparison to an accuracy of 1 part in 10' ; comparison to 1 part in 
1010 can be made in a few hours • Will not lose phase continuity (or phase refer
ence) when tuning from station to station • Has optional features such as 60 KC 
channel reception. 

Prices for the improved EECO 880 Series VLF Receivers start below $4000, 
depending upon the options-another reason why you should look to EECO 
for precision timing products ... automatic programming equipment ... test 
instrumentation ... data handling equipment ... and complete timing and 
data systems. 

Electronic Engineering Company of California 
1601 EAST CHESTNUT AVE. • BOX 58 • SANTA ANA, CALIF. • KIMBERLY 7-5501 
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METALLIZED 

MYLAR 

METALLIZED MYLAR .. . packaged with CARE! 
We care ... when we select basic materials, when we precision-process, when we test, when we deliver. 

Our reward : unqualified industry acceptance I 

• DRAMATIC SIZE REDUCTION IN 50V SERIES 
A full range of capacitance from .01through10.0 mfd. Sized 
from 7/16" long x .187" wide x .094" thick. 

e RECTANGULAR SHAPE FOR GREATER FLEXIBILITY 
Axial leads (X663F) or radial leads (X663FR) for flat or edge 
mounting . 

e JOIN THE TREND 

e ULTRAMINIATURE, LIGHTWEIGHT 

• ALSO 100, 200, 400, and 600-VOLT RATINGS 

• MIL-C-27287 PERFORMANCE and RUGGEDNESS 

e AVAILABLE FROM STOCK 

Write for details on the comp lete TRW Capacitor line : 
112 W. First St., Ogallala, Nebraska ___ ..._ 

--- I 
Phone: 308-284-3611 r - -- ""E"c" 1 

Metallized Myl ar's* proven superiority in D.F., l.R. and 
stability with li fe is speeding the industry trend away from 
metallized paper types. TWX: 308-526-7816 \ Gif o·W ~ 

TRW cAPAc11~w-01vis10N 
•ou Pont registered trademark T HOMP S O N R AMO WOO L DR I D GE INC . 
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Patent No. 3104299 
Other Pat. Pe nd. 

0

1 J ~It 
o~· 

PRECISION c 
SWITCHES 
for accurately controlled 

switching in electrical 

circuits ••. 

Unlimited applications-C.D.I. thumbwheel and 
rotary switches offer fast, sure settings and 
quick read-out for computer, automated ma
chine control consoles, check-out equipment, 
test equipment, programming applications, etc. 

Quick Serviceability-In five seconds, any wafer 
of a C.D.I. rotary switch can be removed. No 
soldering, disassembling or wiring required. 
The entire module on thumbwheel switches is 
removable for equally fast maintenance or re
placement. 

Extreme versatility-Regardless of size or 
shape, C.D.I. is well prepared to meet your 
every switch requirement. Our comprehensive 
line of thumbwheel and rotary switches is sup
plemented by an engineering capacity that will 
custom design any switch to your precise 
specifications. 

NEW PUSHBUTTON SWITCH 
IMPERVIOUS TO DUST AND LIQUIDS 

The completely sealed front panel portions of Series PSS 
binary and decimal rotary pushbutton switches are com
pletely impervious to dust and liquids. Ten positions. Ideal 
for limited space-requires only l" panel space per module. 
Simply press button to operate. Available with or without 
internal lighting. Data Sheets available. 

CHICAGO DYNAMIC INDUSTRIES, INC. 
ECISION PRODUCTS DIVISION 1725 oiversey Blvd. Chicago. 1111no1s 60614 Phone wE111ngton 5·4600 
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Now you 
see 'em. 

Bourns KNOBPOT® potentiometers
dial, knob and 
precision potentiometer, 
all in front of the panel ! 

Nothing behind the panel but the solder hooks and the 
bushing-everything else is out in front in a single unit! 
Take your choice of two models: %"-diameter Model 
3600 or the 11/4 " "Senior" Model 3640. Both are highly 
accurate. Model 3640, for example, has a combined 
dial/potentiometer accuracy of ± 0.1 % - better than 
most potentiometers before a dial is added! Both are 
also outstandingly compact. Model 3600 is shorter by 
112" than comparable potentiometers - to say nothing 
of the space it saves by incorporating its own turns
counting diaL 

Installation is simple: no separate dial to attach, no 
complicated mounting procedure, no phasing. Just drill 
two holes, put the unit on the panel and tighten a nut. 
That's it! Be out in front with Bourns KNOBPOT poten
tiometers-write for complete technical information. 

Now you 
don't. 

Std . resistances 
Std. dial accu racy 

(correlation of dial 
reading to output, 
including linearity) 

Std. repeatability of 
dial reading 

Power rating 
Max. operating temp. 
Humidity 

Model 3600 
l/4' dia., 10-turn 

100!!·250K 

± 0.5% 

0.1 % 
i.sw at 2s·c 
125°C 
MIL-R-12934C cycling 

Model 3640 
11/•" dia •• lO·turn 

100\! ·SOOK 

± 0.1% 

0.05 % 
2.sw at 2s·c 
125°C 
MIL·R· l2934C cycl ing 

MODEL 3660 LABPOT® 
PRECISION POTENTIOMETER 
Compact dial -readout potentiometer for many laboratory uses. 
Contains a specially selected KNOBPOT unit with 1 % resist
ance tolerance to provide highly precise measurement. Large 
5-way binding posts permit easy hookup of any kind of leads. 
Fused for protection against burnout. Standard resistances: lK, 
lOK, lOOK ohms. 

OUR.NS 

BOURNS, INC .. TRIMPOT OIVISION 

1200 C01-UMBIA AVE . . RIVERSIDE, CALIF. 

PMONE ee4 - 1700 . TWX : 714-682 9!582 
CABLE: BOURNSINC. 

MANUFACTURER : TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE. POSITION, ACCELERATION. PLANTS : RIVERSIDE, CALIFORNIA; AMES, IOWA: TORONTO, CANADA 
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Small Size • Contact Versatility • Good Power Gain 
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CLARE automated 
production makes possible 
this high quality Type LB 
Relay at lowest 
possible cost 

• 

-
This new CLARE Type LB Relay is designed for the customer who must 
have a high quality relay at a reasonable price. A miniature telephone type 
relay of extraordinary switching capacity and versatility for its size, it is an 
ideal component for such industrial and commercial applications as: 

BUSINESS MACHINES 

PROCESS DATA LOGGERS 

DIGITAL INSTRUMENTS 

AIRCRAFT & MISSILE 
SIMULATORS 

VENDING MACHINES 

COMMUNICATIONS EQUIPMENT 

PROCESS CONTROLS 

COMPUTER PERIPHERAL 
EQUIPMENT 

GROUND SUPPORT EQUIPMENT 

ENTERTAINMENT DEVICES 

Manufacture and adjustment of the CLARE LB relay are completely auto
matic-producing consistently high quality, at an outstanding low price. 
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Characteristics • Maximum Switching Capacity 

Type LB Relay with mating socket
for wired assembly mounting . 

The Type LB provides contact versa
tility, good power gain characteristics 
and maximum switching capacity in 
relation to its small compact size. The 
overall height of the LB assembly (for 
printed circuit board application) is 
but 1.24 inches. Mounting styles in
clude l) a direct plug-in socket for 
wired assemblies and 2) printed cir
cuit terminals for direct mounting to 
printed circuit boards. 

All Type LB relays are available 
with contact forms A, B, C, and D
with up to six forms on a relay. For 
high level applications, the Type LB 
is rated at 2 amps, 28vdc resistive, 
100,000 operations. For low level ap-

Electron ics I February 8, 1965 

Type LB Relay with cover plate-
for mounting on printed circuit boards. 

plications, 10 micro amperes, lOmv, 
with a maximum dynamic contact re
sistance of 50 ohms. Must operate 
sensitivity for a 6 form C arrangement 
is 350mw. Coil resistances up to 6550 
ohms are available. 

Send for data sheet No. 
552. For more detailed 
information on the ap
plication of the Type 
LB Relay to a specific 
requirement, write 
CLARE Application 
Engineering. Address: 
C. P. Clare & Co., Group 
02N5, 3101 Pratt Bou
levard, Chicago, I11i
nois 60645. 

relays and 
related control 
components 
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LET WINCHESTER ELECTRONICS HELP YOU CRIMP HIGH CONNECTOR COSTS 

Lowest production and replacement costs, greatest 
design flexi bi I ity, increased rel iabi I ity ... these are the 
all-important benefits of incorporating removable, 
crimp contact connectors into your system. And 
industry-pacing Winchester Electronics supplies 
the whole package-inserts, shells, contacts, hoods, 
mounting plates, jackscrews and jacksockets, inser
tion and removal tool s, and automated, portable 
pneumatic and manual crimping tools. 

Our removable, crimp contact connector package 
means faster assembly of wires during any phase of 
the production cycle; circuit changes or replace
ment of individual contacts without destroying the 
connector; and positive crimped connections with 
contacts that can accommodate a wide range of 
wire sizes. Stock is readily available in numerous 

Circle 48 on reader service card 

miniature and subminiature rack and panel, and 
printed circuit types. 

We also offer complete lines of miniature and 
subminiature rectangular, round, printed circuit, 
quick-disconnect/ heavy-duty, environmental and 
special-application connectors. Prompt delivery 
and engineering assistance are assured by a 
nationwide network of distributors, regional offices 
and representatives. For a complete description of 
our connectors, accessories and tools, write for a 
copy of Catalog No. 364: Winchester Electronics, 
Main Street and Hillside Avenue, Oakville, Conn. 

WINCHESTER ELECTRONICS rn 
A DIVISI ON OF LITTON I NDUSTRIES 
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... with these new Tektronix Spectrum Analyzer Units-which 
fit all Tektronix Oscilloscopes that accept letter-series or 1-series 
plug-ins . 

You buy only the plug-in unit. 

You have a complete spectrum analyzer at a fraction of the cost 
of other analyzers. You don't have to pu rchase, store, and main
ta in both an oscilloscope and a separate analyzer. 

It 's the simplest way of spectrum analysis-for you're already 
familiar with the oscilloscope cont rols. Add the analyzer func
tions and you convert quickly and conven iently from time-based 
displays to frequency-based displays. 

Original units previously manufactured by Pentrix, 
now manufactured and marketed by Tektronix, Inc. 

Several Spectrum Analyzer Plug-In 

Units - covering other frequency 

ranges-are available from Tektronix, 

and comprehensive field services 

back up every instrument. 

CHARACTERISTICS L-20 L-30 

Frequency Range 10 Mc-4 Ge 1 Gc-10.4 Ge 

Minimum Sensitivity 110-90 (-dbm) 105-75 (-dbm) 

Dial Accuracy ± (2 Mc + 1% of R.F. frequency) 

Dispersion 15 kc to 60 Mc. 
Oscilloscope magnifier usable to 3 kc. 

Resolution BW 1 kc to 100 kc, variable 

Display Log, linear, square law, video 

Price $1,995 each 

U. S. Sales Pr ices, f. o.b. Beaverton, Oregon 

For more information or a demonstration, 
call your Tektronix field engineer now. 

Tektronix, Inc. 
P.O. BOX 500 • BEA VERTON, OREGON 97005 ·Phone: (Area Code 503 ) 644·0161 • Telex 036·691 
TWX: 503·291·6805 •Cable: TEKTR ONIX• OVERSEAS DISTRIBUTORS IN OVER 30 COUNTRIES 
TEKTRONIX FIELO OFFICES in principal cities in United States. Consult Telephone Directory. 
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Fleet-footed at 0.5 amp 

.. ---·----~---'} 
and still a speed merchant 

at 5.0 amps. 

) 

Packages available: T0-5, 4 watts @ l00°C; small stud, 20 watts @ 100°C. 7 /16' hex, 30 watts @ 100°C; 9 / 16' hex, 40 watts @ 100°C. 

Your fast solution for high-current switching: 
the 5-amp silicon planar family from Honeywell 

Silicon-NPN Test Performance FOR PRICE AND DELIVERY contact your 
nearest sales office or distributor. For 
more complete specifications or circuit 
design assistance, write: Mr. Charles 
Olson, Honeywell Semiconductor Prod
ucts Division, 2747 Fourth Avenue So., 
Minneapolis, Minn. 55408. 

All Types Conditions Specifications 
Icao Vce = 60V 0.1 µA max. 

fr Vn = lOV, lc = 200mA 30 me min . 
BVceo lceo = lOµA 80-150V min . 
BVcEO I,eo = lO µA 60-lOOV min. Honeywell 
BVuo Ino ~ 10 mA 8V min. 
v .. csat) lc = lA l.2-l.5V max. 
Vcdsat) lc = lA 0.25-0.SV max. 

SILICON AND GERMANIUM POWER TRANSISTORS• INTEGRATED CIRCUITS 
HONEYWELL INTERNATIONAL: Sales and service offices in principa l cities of the world. 
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.. CLEAN SWEEP" 
PANEL INSTRUMENTS 

A fresh approach to ultra-modern instrument de· 
sign provides a "clean sweep" of the pointer over 

the full scale. 

1 You get instant readability easier and at greater 
distances-plus more attractive designs to 
integrate into your equipment. 

2 Self-shielded, accurate, reliable D.C. 
instruments have the exclusive Triplett 
BAR-RING movements. 

3 Whatever your panel instrument 
requirement, look to Triplett 
for the right size and 

style, the right 
capability at the 

right price. 

ALNICO MAGNET IS 
MOUNTED INSIDE SOFT 
IRON RING; FULLY 
SELF-SHIELDED------

Not affected by magnetic panels 
or substantially by stray mag
netic fields for D.C. 

Lower Termi nal Resistance 

Faster Response 

Exceedingly Rugged and 
Accurate 



52 

Coaxial eable delay lines. Big. Miniature. Plain~ 1•aekaged 
or potted. Capable of aeeuraeies 01• to ± .02 nanoseeonds. 

Combine the outstanding performance character
istics of Phelps Dodge Electronic's coaxial cables 
with a proprietary ability to bend to a radius of 
three times the sheath diameter to the center line 
of the bend. Add newly developed measuring and 
testing techniques to meet unheard-of accuracies. 
Result? The unique in coaxial delay lines. 

Here is broader band operation, less attenuation 
per nanosecond of delay and greater stability over 
wide temperature ranges. Here too, is great lati-

tude in the specification of operating parameters, 
physical dimensions or, moisture, vibration, shock 
and temperature resistance. Packaging? Contain· 
ers, shock mounting, standard rack panel mount· 
ing, strapping, potting and encapsulating. And, 
availability for operation at frequencies from 60 
cps to 12 Ge, power from one milliwatt to many 
kilowatts, impedances of 50, 70, 75, 100 and 
125 ohms. 

Can we tell you more? Let us know your 
requirements, or write for Bulletin DL-2. 

PHELPS DODGE ELECTRONIC PRODUCTS ~ 
NORTH HAVEN, CONNECTICUT ~ 
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Technical Articles 
Solid-state light-coupled 

switch for low-level 
multiplexing: 

page 54 

Microcomponent boards 
link integrated circuits: 

page 67 

Laser-television system 
with off-the-shelf gear: 

page 75 

Navigation satellites 
for ships and planes 

page 79 

Coming 
February 22 

As activity in optoelectronics picks up momentum, 
new devices are appearing with increasing frequency. 
One problem that optoelectronic devices solve neatly is 
circuit isolation, which is never complete when a three
terminal switching transistor is used. This four-term
inal solid-state switch isolates the signal circuit by 
coupling with a beam of light. 

These days, the big problem in microelectronics is 
often packaging or interconnecting the elements rather 
than designing the circuit. A universal packagin!J tech 
nique not only solves the interconnection problem but 
opens the door to other benefits: automation of engi 
neering and production, and cost-cutting. 

One of the applications considered when the laser was 
first demonstrated was for carrying television programs. 
Now a step has been made toward realizing that appli
cation inexpensively. In this system, proposed for plant 
security and interoffice communications, the laser 
beam travels a mile. 

Ever since he learned to walk, man has been asking, 
" Where am I? " Satellites with electron ic instrumenta
tion and communications promise an automatic answer 
to that question for ships and aircraft. Several systems 
have already been proposed to do the job. 

• Missile range updates its 
instrumentation 

·A look at micropower transistors 

•Microelectronic receiver 
controls monkey's actions 

•Production tips 

53 



Solid state 

Light-coupled semiconductor switch 
for low-level multiplexing 

Four-terminal device isolates the drive signal 

from switching terminals and has flow offset voltage 

By Edward L. Bonin 
Texas Inst ruments, Inc., Dallas, Texas 

A four-terminal semiconductor switching device 
has been developed that completely isolates the 
drive circuit from the switching circuit. Using light
beam coupling,1 it permits the engineer to design 
without worrying about electrical interaction be
tween circuits. Its useful frequency range is from 
d-c to several kilocycles per second. 

This switch permits only a feeble offset volt
age-30 microvolts in the case of one device-to be 
developed across the signal terminals. This char
acteristic makes the new switch particularly useful 
for low-level chopper or multiplex applications. 

Texas Instruments, Inc. , calls the switch OMS, 
for optoelectronic multiplex switch, to emphasize 
the major application for which it is intended. 

Light source and detector 

The device [shown on page 55] combines a gal
lium arsenide-pn-junction light source and a silicon 
photodetector in one package. The photodetector is 
a diffused, planar photo-transistor with symmetrical 
conduction characteristics. The pn-junction light 
source is gallium arsenide. 

Drive current forward-biases the light-emitting 
diode, causing it to give off photons that are 
collected efficiently by the detector. This light is in 
the near-infrared range at a wavelength of about 
0.9 micron. 

The emitting diode operates at high efficiency 
at -25° to + 75°C, the operating range of conven
tional devices. At 25°C the efficiency is about 2%; 
that is, for every 100 electrons that flow through the 
diode, two photons are transmitted out of the gal
lium arsenide. Earlier devices that operated on a 
similar principle provided emission efficiencies of 
0.1 % to 0.3%. 

The construction of the four-terminal switch is 
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shovvn on page 55. The light-source diode ancl 
photo-detector are mounted in separate headers to 
permit adjustment prior to hermetic sealing. The 
stud is also the positive drive terminal. Two of the 
three leads at the other end of the package are 
terminals for the signal section; the third lead, the 
negative drive terminal, is connected to the case. 

The n-region of the light-source diode lies be
tween the positive drive connection (p-region) and 
the photo-detector. The n-region, which is also 
connected to the metal case, forms an electrostatic 
shield between the drive and signal sections. 

Electrical characteristics 

Two devices that use this construction are being 
marketed commercially. These are the PEX3002 and 
the PEX3003. In both, the light source and the de
tector are separated by only a few thousandths of 
an inch, which is sufficient to support a 400-volt po
tential without breakdown. The leakage res istance 
between the drive and signal terminals is due pri
marily to the package itself, and is typically 4X 101:! 

ohms. Even if the device is removed from the pack
age, this resistance does not change appreciably. 

For fixed values of drive current, the detector 
exhibits a symmetrical, bilateral current-voltage 
characteristic as shown in the graph on page 56. 
This characteristic is similar to that of a conven
tional double-emitter chopper transistor. The de
tector biasing that results from light absorption in 
the region near its pn junction corresponds closely 
to base-collector forward biasing for a conventional 
double-emitter transistor. However, the four-term
inal optically coupled switch does not duplicate 
the accelerated turn-off that is obtained with the 
double-emitter device by reverse-biasing its base
collector junction. 

The voltage-current curve for a constant drive 
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Checking the performance of the four-terminal switch in a series-shunt chopper circuit 
are Edward Bonin, engineer at Tl, and Gerald Meeks, a technician. Oscilloscope shows 
the square-wave output obtained at an operating frequency of one kilocycle. 

current Iu crosses the V 8 and Ii- axes near the origin 
(V s=O, 18 = 0 ). The curve does not necessarily 
cross exactly at the origin; even for zero signal cur
rent, a small voltage may be developed across the 
signal terminals. This terminal voltage, called the 
offset voltage V0 is added algebraically to the in
coming signal and determines the minimum prac
tical level for the signal voltage. 

An unusual feature of the device is that the offset 
voltage of individual units may be adjusted to a 
minimum prior to hermetic sealing. This is ac
complished by moving the light source closer to the 
detector or farther from it. This adjustment ac
counts for the low offset voltage for the switch. 

As shown on page 56, the magnitude of V0 for 

PHYSICAL CIRCUIT 
REPRESENTATION SYMBOL 

-- Is SILICON 
Is - PHOTODETECTOR 

~ ~ 
1-:-.- - - ---- --____ ___, 

N-TYPE 
MATERIAL 

""" 
GALLIUM Mai r;-- ARSENIDE 

MATERIAL Ct LIGHT SOURCE 
Io 

Is= SIGNAL CURRENT Io= DRIVE CURRENT 

Four-terminal switch consists of a gallium-arsenide 
light-injection diode (source) and a silicon 
phototransistor (detector) . The source and detector 
are only a few thousandths of an inch apart. 
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the PEX3002 does not exceed 30 microvolts at case 
temperatures of - 25°, + 25° and + 75°C for a 
drive current of 100 milliamperes. For the 
PEX3003, the magnitude of V 0 does not exceed 100 
microvolts under the same conditions. 

In general, the V 0 of a device may be positive or 
negative with respect to the V0 of another device. 
For the PEX3002, the algebraic difference of V 0 

values at -25°C and + 75°C does not exceed 40 
microvolts; for the PEX3003 this difference is 125 
microvolts or less. Changes in V 0 with temperatmc 
arc a result of changes in the diode source's light 
output and in detector parameters. As experience is 
gained in fabrica ting the switch , it should be pos
sible to produce one with a V 0 of less than 10 mi-

PHOTO DETECTOR 

.J 

Cross section of the 
four-terminal switch. 
The detector consists 
of two sections to the 
left of the semicircular 
source. Top and bottom 
leads at left are switch 
terminals. The center 
lead and the stud are 
drive terminals. 
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Current-voltage characteristic for the four-terminal 
switch is similar to that for a conventional 
double-emitter chopper transistor. 
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Offset voltage varies with temperature. Curves 
indicate characteristics for four-terminal switches. 
Straight lines are guaranteed maximums. 
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crovolts over the operating tempera ture range. 
The swi tch 's "on" resistance R oN . although small , 

accounts for an algebraic increase in the voltage 
across the signal terminals as the signal current is 
increased. Because V 0 is small, the on resistance is 
largely a measure of the static slope (V /I) of the 
current-voltage characteristic. W hen the switch is 
on, the signal terminals are usually biased in the 
region near the origin, where the curves are nearly 
vertical. For an ordinary trans istor switch , this 
would be called the saturation region. 

In chopper applications, for high accuracy, Ro:-; 
should be small compared w ith the input imped
ance of the following electrical s tage. For the four
terminal switch, R oN is typically 30 ohms for a 
signal current Is of ± 1 ma, drive current 111 of 100 
milliamperes, temperature T1• of 25°C. The effects 
of changes in Is In, and T c on Roi\" arc indicated in 
the graphs below. For very large valu es of I8 , 

the detector will be biased out of saturation and 
Rox will increase abruptly. The reduction in Rnx 
with I0 shown below reflects the increase in 
the light output of the source with bias . As the 
temperature increases, the reduction in the source's 
output effi ciency is balanced by the increasing cur
rent gain of the detector. 

Current in the off state 

For zero bias on the light source, the switch is 
off and generally only a small current flows. This 
off current Is(cwv) is a fun ction of the signal voltage 
Vs and temperature, as shown at the top of p . 

870 
1.2 K 

IK 

OUTPUT 
JL·V2+6V 

V2+4V 

PEX3003 
v, V2 

Binary switching circuit. The four-terminal switch makes possible the transfer of binary (on -off) signal between two 
electrically isolated circuits. Besides the switch , four conventional transistors are employed. 

IJJ 100r----~---~--~ 

~ c;; 80 ..----
~:IE 60 en :i: 

u; 3 40 r:-----
W z 
0:: 0 

~o:: 20~--~---~--~ 
0.01 0.1 10 

Is (MILLIAMPERES) 

20 40 60 100 160 

DRIVE CURRENT I 0 (MILLIAMPERES) 

w 50.-----,---.,...--~-~ 

~ c;; 40 
~:IE 30 
en :i: 
u; 3 20 
w z 
0:: 0 

z 0:: 10 
0 -2'.:"":5,---0~--2~5--5~0-~75 

Tc t•c1 

Relationship between signal current and on resistance, at room temperature and at an 
elevated temperature, are shown in top set of curves. Middle set depicts decrease of R.,,.. as 
I" is increased. I" is equal to 0.01 Is. Bottom curve shows how Ro,, increased with temperature. 
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56. The leakage current increasl's considerably 
as the signal voltage approaches the breakdown 
voltage B\1 >; , which is typically eight volts. 

Drive requirements 

The gallium-arsenide-source diode has a highly 
nonlinear current-voltage characteristic and should 
be used in a high-resistance I stable current] cir
cuit. ~ The diode's voltage drop for the typical 
operating forward current of 100 milliamperes is 
about 1.3 volts. Operation at 100 milliamperes is a 
compromise between low RoN and V0 over the 
temperature range, and good operating speed. 
Of course, other values of drive current can also 
be used. 

The best switching speeds are obtained with the 

Rs 
100 

Rs 
100 

Vour • 

10K 
TO Vour 
10M 

Analog switching circuits. Top series chopper circuit 
requires low R, and R1. values. The series-shunt-connected 
circuit at bottom is better for a large load resistance. 

COMMON
MODE 
VOLTAGE 

-L. 

Application of four-terminal switches in a high-noise 
environment. Three switches are used with a 
differential amplifier. 
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signal terminals operating in a low-impedance cir
cuit. An example of general-purpose switching be
tween two isolated circuits is shown in the diagram 
on page 56. Voltage V1 and V2 are the bias volt
ages and may differ by as much as 400 volts. In 
this circuit, the drive current Id is 40 milliamperes, 
the signal current ls is 2 milliamperes, the output 
voltage is 2 volts peak-to-peak, and the switching 
(rise and fall) times are 10 microseconds. The low 
impedance for the signal terminals is provided by 
connecting the four-terminal switch in series with 
an emitter in the current-mode switching circuit. 

Binary switching 

This circuit is useful for binary (on-off) switch
ing. For analog switching, in which the amplitude 

Output waveforms for series-shunt chopper circuit. Top 
waveform is for zero input signal. Bottom waveform was 
obtained for a one-millivolt signal with RL of 10 megohms 
and a frequency of two kilocycles per second. Each major 
verticle box represents 500 microvolts; each major 
horizontal box represents 100 microseconds .. 

Output waveform for the circuit at left, with zero signal 
and common-mode voltage of five volts rms at 400 
cycles per second. Each major vertical box represents 
200 microvolts (referred to the input); each 
horizontal vertical box represents 50 microseconds. 
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Chopper-stabilized microammeter uses four-terminal switches. A, is a differential amplifier; Ao and Aa are 
linear amplifiers. The D·c input handled varies from a few hundred microvolts to several volts. 

of a signal must be preserved, circuits such as those 
shown on page 57 may be used. These chopper 
circuits convert low-level d-c or low-frequency 
signals to a-c signals by applying square-wave 
drive currents to the four-terminal switch devices. 
The a-c signals can then be amplified with low
level a-c circuits that are easier to design for stable 
performance than arc direct-coupled stages. 

Because the signal terminals of the four-terminal 
switch have symmetrical characteristics, the input 
signal may have either positive or negative polarity. 
Obtaining low impedance for the signal terminals 
with a series-type chopper circuit generally re
quires a small source resistance Rs and small load 
resistance Rr,. 

For a large load resistance, the series-shunt
connected circuit is faster. In this circuit two four
terminal switches operate alternately. For this cir
cuit, the first switching device is provided with a 
small load resistance for faster turn-off by the 
shunting action of the second device when it is 
turned on. Output waveforms for the series-shunt 
circuit, operating at 2 kilocycles per second with 
In equal to 100 milliamperes square-wave and Ri, 
equal to 10 megohms, are shown on page 57 for 

INPUTS 

OUTPUT 

Multiplex switching circuit is used for sequential 
sampling of a large number of signals. 
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zero input signal and with a d-c signal of one 
millivolt. The scales for the major divisions are 500 
microvolts for the vertical boxes and 100 micro
seconds for the horizontal boxes. Switching times 
for this circuit typically range from 5 to 20 mirco
seconds. For the series type of circuit with In of 
100 milliamperes and Rr, of 1,000 ohms, the rise 
time is typically 3 microseconds and the fall time 
is 20 to 40 microseconds. 

The advantages of complete isolation of the drive 
and signal circuits are particularly evident when 
considering common-mode noise.3 Often, with sig
nals of small amplitude, neither lead from the signal 
transducer can be grounded at the amplifier. This 
may be the case, for instance, if the transducer is 
remotely connected in airborne equipment. If one 
lead of the transducer is grounded on the airplane 
frame and if one side of the amplifier input is also 
grounded, noise voltages between these two ground 
points on the airframe appear as additional signal 
input to the amplifier. A circuit in which this noisy 
environment occurs is shown at bottom of page 57. 

To overcome the presence of the noise voltage or 
common-mode voltage, three 4-terminal switching 
devices arc used. Switches I and 2 operate simul
taneously and alternately with switch 3. Rejection 
of much of the common-mode voltage is provided 
by a differential amplifier because neither input 
terminal of the amplifier needs to be grounded. 

When switches I and 2 are on, the two input 
leads of the amplifier are connected across the 
signal source. The amplifier is designed so that its 
input is determined by the difference between the 
voltages applied to the two input terminals, in this 
case, this difference is the signal. 

The amplifier is nearly immune to the common
mode noise that is applied from one input lead to 
ground. When drive to switch 3 is applied, it is 
removed from switches I and 2. This low-imped-
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Eight-channel multiplex switch uses eight 
4-terminal switches. Each switch circuit 
includes a pair of drive transistors. 

• 

ance shunting ·accelerates the turn-off. Similarly, 
when switches 1 and 2 are turned on, a low im
pedance through the signal source is provided to 
turn off switch 3. The waveform on page 57 shows 
the amplifier output for zero signal and a common
mode sine-wave voltage of 5 volts rms at 400 cycles 
per second. The repetition rate for the switches is 
about 1.4 kilocycles per second. Even with such 

'high common-mode noise, the circuit can amplify 
small signals. 

Multiplex circuit 

The multiplex circuit shown on page 58 is used 
\\·hen a large number of signals must each be moni
tored frequently. In the Titan II missile, for ex
ample, 250 variables are monitored and transmitted 
in flight. 4 

Each signal input is connected to one terminal of 
the switch. In general, this input signal may come 
directly from a signal transducer or may be the out
put of an intermediate amplifier, depending on the 
circuit inpedances and voltage levels. The comple
mentary switch terminals are all connected to form 
a single signal-output terminal. When the switches 
are turned on one at a time, the output waveform 
becomes a repetitive sampling of all input voltages. 

The operation of the multiplex circuit is similar 
to that of the series-shunt chopper that was dis
cussed previously. Assume at a given time that one 
switch is on. Drive is removed from this switch and 
offered to the next simultaneously. The low-imped
ance paths that run through the switch that is 
turning on and through the inputs help to reduce 
the turn-off time. This action is identical in the 
series-shunt chopper. 

In each switch, both terminals remain at signal 
potential as shown in the diagram on page 58. This 
makes it necessary for the signal section of the 
switch to have good isolation from the drive sec-
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tion. vVith optical coupling across the air gap, tht: 
coupling between the drive and signal sections ol 
the OMS device is represented by a leakage re
sistance of about 4X 1012 ohms and capacitance of 
about 3 picofarads. Also, because the offset voltage 
of the four-terminal S\vitch is small, signal trans
ducers mav be connected directly without the need 
for amplifi~ation before the multiplexing operation. 

A complete eight-channel mulitplex-switch 
board, using eight OMS devices for sampling bit 
rates of up to 30 kilocycles per second, is shown at 
the left. Development of the basic switching de
vice and printed circuit board were sponsored by 
the Electronics Technology division, Air Force Avi
onics Laboratory, under contract AF33(616)-8339. 

Test-equipment circuit 

Several four-terminal swi tching devices are used 
in the chopper-stabilized d-c microammeter shown 
on page 58. In the circuit5 , a small voltage is de
veloped when input current flows through the small 
resistor R1, which shunts the input. In one signal 
path, this voltage is chopped with the series-shunt 
connection of switches 1 and 2. This a-c signal is 
amplified by the a-c circuit A~, then the zero-refer
ence level of this signal is es tablished by the syn
chronously driven series-shunt chopper, switches 
3 and 4. After passing through a low-pass filter 
(R4 and Cl), the signal-now d-c-is applied to one 
input of differential amplifier Al. Al's other input 
is connected to the signal-input terminal. \Vith this 
circuit, the amplifiers have stable gain . 

The high-level output of Al is then connected to 
a low-gain d-c amplifier A3, which drives the output 
meter. The low offset voltage rating of the four
terminal switch requires only a millivolt or less to 
be developed across the input resistor RI. This re
sistor can be changed to establish the measuring 
range of the meter. For measuring very small cur
rents , the size of the input resistor determines the 
maximum speed of the switches. 
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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. 

Magnetoresistors isolate 
load from control circuit 

By Robert M. Gitlin 
American Aerospace Controls, Inc., Farmingdale, N.Y. 

Magnetoresistance triggering is one of the few 
methods of applying d-c bias levels and a-c trigger 
pulses while maintaining complete isolation be
tween the control and load circuits. The magneto
resistance trigger module is a solid-state device 
requiring neither heaters nor filaments. 

The operation of the basic trigger module de
pends upon the Hux-variable characteristics of two 
magnetoresistance elements, Mi and M2 , connected 
in a simple wheatstone bridge, as shown at the 
left on page 61. Flux excited by the current in the 
coil, alters the resislances of Mi and 11~ , causing 
the bridge to become unbalanced. The magnetic 
circuit is physically arranged with an internal mag
netic bias so that the Hux field causes opposing 
resistance variations in Mi and M~, increasing the 
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::::i l-a.. _, 
..... 0 
::::i > 
0 

w 
<.!> 
0 

-- VOLTS 
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sensitivity of the bridge output. When the bridge 
is unbalanced, some part of the bridge excitation 
voltage appears across the output terminals. 

The output for the module shown in the diagram 
is about 1 volt d-c (or a-c rms) with coil current 
of 25 ma and bridge excitation of 24 volts. Larger 
modules develop proportionately greater outputs. 
Note that the input current or the bridge excitation 
voltage can be either polarity. 

Since the magnetoresistance trigger module does 
not rely on conventional transformer principles for 
coupling between input and output, both a-c and 
d-c inputs can be applied separately or in com
bination to the bridge circuit and the input coil. 
The graph shows that with constant d-c coil current 
as a parameter the input-output voltage charac
teristics are linear. The table of waveshapes il
lustrates the various possible operating modes. 

A-c signals of the same frequency applied simul
taneously to the coil and bridge produce an output 
at twice the input frequency. This a-c output is 
offset from zero by the d-c bias level. The a-c 
signal can be filtered out or a capacitor can be 
used to block the d-c bias level, in either case, 
providing useful control features. 

A basic control circuit for adjusting the firing 

COIL INPUT BRIDGE INPUT BRIDGE OUTPUT 

D-C D-C ANALOG MULTI. 

~F ~t=== ~F 
D-C A-C 

~F ~N1fb ~ RfJb 
D-C TO A·C CON-

A-C D-C VERSION MULTI. 

~AA°o ;t=== PHASE SENSITIVE 
NULL DETECTION 

A-C A-C MODULATION 

~w ~ ~onnnno _ UITOlfOU ~ffl 
A-C A-C + ~o•••••••: 

~tw + rv' (\ O JIUUU11W\( j) 
- D-C OFFSET 

~ v-o DOUBLE FREQ . 

Input-output voltage characteristics of the magnetoresistance module with coil current as a parameter. 
The table of waveshapes shows that the roles of the current coil and bridge excitation in control 
circuits can be interchanged. The flux-resistance variations of the magnetoresistance elements 
are physically arranged to provide maximum output sensitivity. 
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1,000 OHM -Ve BRIDGE ----• 
FLUX-CONTROLLED INPUT EXCITATION 
MAGNETO- VOLTAGE 
RESISTORS 24 VOLTS (+OR-) 

I1N 

I 
INPUT 
CURRENT 
TRIGGER 
PULSES 
25 mA 
(+OR-) 

Magnetoresistance trigger module provides electrical 
isolation between load and control circuits. Flux induced 
by the trigger current in the coil changes the resistance 
of the magnetoresistance elements Mi and Mo, 
unbalancing the bridge and producing an output 
voltage Eo. 

angle and trigger level of an scr, is shown above 
right. The capability of this circuit can be increased 
by introducing an AND logic function. Two wind
ings can be provided on the magnetic core of the 
magnetoresistance module. One winding provides 
the bias for the bridge and the other transmits the 
trigger pulses. The scr fires only when both bias 
and trigger pulses are present simultaneously. It is 
also possible to implement the AND function by 
varying the level of bridge excitation. Since no 
output is developed unless the bridge is excited, 
adjustment of excitation voltage provides a flexible 
means of control. 

In some applications it may be necessary to ap-

Scr's regulate 
a-c line voltage 

By Reuben Wechsler 
Semiconductor Division, Motorola, Inc. 
Phoenix, Ariz. 

The a-c line-voltage regulator shown in the diagram 
on the following page, maintains the nominal output 
load voltage within 1 volt as the line voltage varies 
between 105 and 125 volts. The circuit package is 
compact and lightweight because the regulating is 
actually done by silicon controlled rectifiers. 

The full-wave bridge (MDA 920-4, Motorola) 
rectifies the line voltage and furnishes low cl-c 
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Ser trigger module. The output voltage has the same 
waveshape as the input coil current. A thermistor 
can be inserted between the bridge output (junction of M, 
and M,) and the scr gate for temperature compensation. 

ply input signals to the bridge and use the coil 
as the bias control. The magnetoresistance module 
then becomes a continuously variable bridge whose 
input-output ratio depends upon coil current 
(bridge imbalance). This circuit can be useful as a 
variable attenuator for automatic gain control and 
related applications. 

The rate of resistance variation of the magneto
resistance elements in response to changes in mag
netic flux is of the order of megacycles per second. 

power for the unijunction transistor trigger circuit. 
The trigger circuit supplies the scr gate trigger 
pulses via transformer T 1 and regulates the scr 
firing time as the line voltage varies. 

When the line voltage increases, the voltage 
applied to base 2 of the unijunction transistor also 
increases, but the emitter supply voltage is held 
constant by zener diode D2• The trigger frequency 
decreases, delaying the scr firing time. The average 
current through the scr's and T 2 decreases until the 
load voltage returns to its nominal value. Similarly, 
when the line voltage decreases, the unijunction 
transistor trigger frequency increases, scr conduc
tion increases, the average current through the scr's 
and T2 increases until the load voltage again re
turns to its nominal value. 

Zener diode D3 only serves to drop the rectified 
line voltage to a safe operating level for the UJT. 
Using a zener diode instead of voltage-dropping 
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A-c input line voltage controls the trigger rate of the unijun ction relaxation oscillator. Average current 
through scr's is controlled by the unijunction transistor triggers. Reference source for the regulator 
is zener diode D,. The regulated output voltage level is adjusted by R,. 

resistors provides some regulation for the trigger 
circuit supply. Diode D4 prevents filter capacitor 
c~ from discharging back through the circuit. 

Optimum regulation is achieved by applying 125 
volts across the input terminals and adjusting po
tentiometer R2 to provide 97 volts across the lower 
section of autotransformer T ~ as indicated in the 
circuit diagram. Autotransformer T~ steps up the 
output voltage from 97 volts to the nominal 115-
volt line voltage. 

Diode eliminates 
multivibrator bias 

By C. S. Osborne 
Racal Instruments, Ltd., Berkshire, England 

A conventional one-shot multivibrator circuit usu
ally needs a bias voltage to keep one of the tran
sistors nonconducting while the circuit is quiescent. 
But this bias voltage can be eliminated by con
necting diode D 1 to keep Q1 nonconducting in the 
circuit at right, on page 63, top. 
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The specified scr' s can handle load currents 
of 25 amperes. It is important to note that one of 
the scr's is of reverse polarity (i.e., the anode and 
cathode are interchanged with respect to the case). 
Both scr's can be mounted on the same heat sink, 
without insulating washers. 

For lower current applications, the scr's in the 
circuit diagram can be replaced by the MCR1304-4 
and ~ICR1304R-4; these are capable of an average 
loacl current of 11 amperes. 

\Vhen the transistor is quiescent, the only volt
age available to cause base current to Bow in Qi 
is the saturated emitter-collector voltage of the 
conducting transistor Q2 • This voltage is too small 
to cause any base current to flow in Q, because 
the base-emitter voltage of Q1 is larger than the 
saturated emitter-collector voltage of Q~. Also, 
diode D, presents a high forward impedance when 
a small potential is impressed across it ( especiallY, 
if D1 is a silicon diode). A low-voltage zener diode 
could be used instead of the forward-conducting 
diode shown in the lower circuit diagram. 

With the base effectively open-circuited, the 
collector current is IcEo, which is negligible com
pared with the collector current le when Q1 is con
ducting. This causes a slight decrease in the volt-
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Standard one-shot multivibrator circuit, shown at the left, must have a bias voltage that keeps 
transistor Q, from conducting during quiescence. But if diode O, is added, right, 
it keeps Q, nonconducting during quiescence and the bias voltage is unnecessary. 

age swing applied to Ci, which causes an insig
nificant decrease in the circuit's on time. 

When Qi conducts, its base current is slightly 

Two transistors simulate 
high-current tunnel diode 

By Sidney V. Soanes 
Ferranti Electronics, Toronto 

The volt-ampere characteristic of the circuit shown 
at right is similar to that of a tunnel diode but the 
V-I characteristic can be controlled conveniently. 
The peak current of this simulated "tunnel diode" 
circuit can be varied over a wide range by the cur
rent IK. 

The negative resistance region of the volt-ampere 
characteristic is explained as follows. Current IK 
is derived from a constant-current source. Assume 
Q1 and Q2 are identical transistors , and consider 
the circuit to be in the condition where Ix = IK 
and VXY = VKY (point a on the V-I curve). From 
these assumptions, the condition must also exist 
that In1 = In2. 

Let V xY increase positively by a very small 
amount. Then 181 increases, causing lei to increase. 
Because IK is fixed, In:! decreases. But In:! de
creases more than Im increases because of the 
gain of Q1• Now In1>In2. 

Since the change in Vxy has been small, the col
lector current of Q:! will depend principally on 
its base current rather than on its collector voltage. 
Then l e:! decreases directly with the decrease in 
In:! , and l e:! decreases more than the increase in 
In1, roughly by a factor of [J:!. It follows then, that 
Ix has decreased (point a' on V-I curve). 

If leakage currents are neglected, the peak cur
rent is equal to ,Bh and the valley current is equal 
to IK/ ,8. Measured values of peak current varied 
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modified by the forward voltage drop across D i, 
which must be considered in calculating the value 
of R4. 

from 1.2 microamperes (where Q1 = Q:! = 2N2218) 
to 7.0 amperes (Q1 = Q2 = 2Nl314). The valley 
voltage is about 0.15\! for germanium tran sistors 
and O.SSV for silicon transistors. 

This circuit is adaptable to integrated circuit 
techniques and in this form, could make simu
lated tunnel-diode logic economically practical. Im
plementing tunnel diodes in microcircuits is an 
expensive process. 

IK Ix - -K 

Ic1 i ! Ic2 

a, - - 02 
I 81 Ie2 y 

= 

Volt-ampere characteristics at terminals X·Y are 
similar to the V·I characteristics of a tunnel 
diode. Peak point current of this simulated tunnel 
diode can be adjusted from 1.2 microamps to 7.0 
amps by varying the current IK. 

x 
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Solid state 

FET detects alpha particles 
better and more precisely 

Applied as a detector and amplifier, the FET improves signal-to-noise 

ratios at least tenfold, allowing more precise measurements 

By Charles R. Seashore and Clement D. O'Brien 
Honeywell, Inc., St. Paul, Minn. 

Since the field-effect transistor is built with a thin 
silicon-monoxide layer over its active areas, it can 
serve as a delicate radiation detector, more efficient 
than the pn-junction diode sometimes used for 
counting alpha particles. When the top of its T0-5 
can is removed, the FET will detect alpha particles 
as they impinge on the near gate of the FET 
(2N2386) structure generating a current across the 
gate-channel junction. Oscilloscope observations 
show that the signal-to-noise ratio of a p-channel 
FET is more than 10 times higher than a conven
tional diode detector in this application. 

In the FET, the alpha particles penetrate the 
thin protective layer of silicon monoxide without 
loss of energy to produce a uniform output that 
is not dependent on the energy of the nuclear 
particles. In the junction diode, on the other hand, 

The authors 
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Clement O'Brien worked on the 
development of a transistorized 
guidance package for the Thor and 
Titan missiles at the General Motors 
Corp. Since joining Honeywell in 
1961, he has designed solid-state 
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Charles Seashore has been with the 
Honeywell Military Products 
Research Laboratory as a senior 
research engineer since 1961. He 
has designed cryogenic circuits, a 
sun sensor circuit and circuits 
for flicker noise measurement. 

the barrier region is so wide that alpha particles 
lose some of their initial energy. The output of 
the device then depends on the energy of the 
particles. 

This difference in operation between the FET 
and the junction diode can be seen on a pulse 
height analyzer. The wave shape for the FET is 
uniform; for the diode it is dependent on the energy 
distribution of the alphas (see figure, page 65). 

In a Honeywell dew-point hygrometer (which 
measures atmospheric dew point in a balloon at 
high altitudes) the FET has already demonstrated 
its superiority over the junction diode as a de
tector. This instrument is a closed-loop system 
which can determine precisely the dew point by 
measuring the number of alpha particles impinging 
on the detector. 

Signal processing 

In the hygrometer circuitry the FET has some 
other advantages. For example the FET detector 
supplies a uniform pulse count even if gain changes 
occur in the pulse amplifier. The junction diode 
detector does not; in fact, it yields a random output 
pulse with a change in amplifier gain (see p. 66). 

In a hygrometer application if the pulse dis
criminator level shifts even a small amount, the 
discriminator total output count shrinks because 
the diode detector produces a random amplitude 
energy distribution. The FET detector, however, 
will produce the desired uniform output count 
despite any shift in discriminator pulse level. 

Detector-amplifiers compared 

Comparing the detector-amplifier that uses an 
FET with one that has a pn-junction diode (see 
opposite page), you learn the biggest advantage 
accrues only if the FET appears in both the de- , 
tector and amplifier stages. In fact, a tabulation 

Electronics I February 8, 1965 



FET detector Diode detector 

Comparison of single-pulse output waveforms generated by the junction diode and FET detectors. 
FET device is superior because it reduces signal-to-noise rat io more than 10 times. 
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A basic circuit for alpha-particle detection has a pn-junction diode followed by amplifier stages. 
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Alpha-particle detector circuit with a 2N2386 p-channel field -effect transistor; the top 
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of the transistor housing is removed and the exposed FET is used as the detector element. 
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Removing the top of the 2N2386 case (a T0-5 package) 
exposes the gate of the FET to bombardment by alpha 
particles and makes it a sensitive radiation detector. 
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Plots of energy distribution of alpha particles 
transduced by detectors shows that the diode 
detector's output (A) depends on the energy, but the 
output of the FET detector (8) is uniform. 
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FET detector supplies a uniform output pulse 
count despite changes in pulse amplifier gain. 
A change in gain of the amplifier affects the 
magnitude of the diode detector signal. 

-

of the measured-signal-to-noise ratio (see table 
above) proves there is nothing to be gained by 
putting the FET only in the first amplifier stage. 

\Vhen the FET's are used in both circuits, the 
great improvement-15 times-in signal-to-noise 
ratio shows up from the single-pulse outputs of 
both detector-amplifier configurations. 

One explanatory word is necessary about this 
circu it. The detector and its bias circuits arc located 
away from the amplifying devices Q~ and Q:i in 
this experiment. Remote operation requires the ad
dition of a 33-picofarad capacitor from the gate 
to the drain of Q2 to offset the detector-cable 
voltage drop. In this circuit, the FET units are 
p-channel and are operated in an inverted drain 
configuration to be compatible with a positive 
power supply and high gain npn device Q3• 
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Signal-to-noise ratios of 
alpha-particle detector circuits 

Amplifier Signal-to-
Detector (First stage) noise ratio 

pn-junction diode npn transistor type 4:1 
type APD-C 2N930 

pn-junction diode FET type 6:1 
type APD-C 2N2386 

FET type FET type 67:1 
2N2386 2N2386 

More advantages of FET 

Operation of the FET with its top surface ex
posed as a radiation detector combines the circuit 
and device characteristics of a radiation-sensitive 
diode and a high-impedance low-noise amplifier in 
one device. This consolidation eliminates signal 
transmission loss from detector to preamplifier. 
Then the FET transconductance provides an out
put-pulse spectrum increased in amplitude. 

The fundamental advantages of the FET alpha
particle detector are: improved signal-to-noise ratio 
due to the intrinsic FET gain mechanism, and an 
absence of an energy-sensitive characteristic in its 
output spectrum. These results are based on ob
servations made during the hygrometer develop
ment. An analytical treatment of the FET as an 
alpha-particle detector has not been made. 

Other advantages of using the FET radiation 
detector are its small size and low voltage require
ment. This last is very attractive compared to tlw 
700-volt anode potential developed from an inverter 
circuit in a miniature radiation-counter tube. 

The table above shows the significant increase 
of a factor of 11 in signal-to-noise ratio when the 
FET 2:\f2386 device is used both as the detector 
and as the first-stage amplifier. However the con
ventional circuit (the one in which the pn-junction 
diode was used as a detector) was examined with 
an FET as a first-stage amplifier and only a slight 
improvement in signal-to-noise ratio was obs-ervecl. 
From the table it can be seen that the measured 
signal-to-noise ratio of the diode detector and the 
FET amplifier configuration was 6 to 1 while that 
of the diode detector and npn amplifier was 4 to 1. 

The FET is not without limitations. A major dis
advantage may be short operating life as a result 
of gate-degradation caused by the bombardment 
of high-energy alpha-particles. However the gate 
lead provides a means for compensating gate de
gradation with an external control voltage. 
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Man ufactu ring 

Laminates and cribbage boards 
connect integrated circuits 

Multifunction mounting board and 5-mil -thick laminate connect a dozen 

flatpacks. Photochemical processing enables design to move toward 

flexible wiring and arrays of unpackaged integrated-circuit chips 

By John Marley 
ITT Federal Laboratories, a division of the International Telephone and Telegraph Corp., Nutley, N. J. 

The ideal subassembly for complex microelectronic 
sys tems, from the manufacturers' point of view, 
would be one that could use simple, standardized 
techniques to make and interconnect a wide variety 
of modules. 

Developing such a subassembly has been a prob
lem. Now it has been solved by engineers at the 
ITT Federal Laboratories, who have come up with 
a manufacturing and packaging system that can be 
used in many types of equipment that ITTFL is 
now making or likely to make. 

The sys tem developed for this subsidiary of the 
International Telephone and Telegraph Corp. is 
based on prefabrication and photoetching. Mechan
ical, electrical and fabrication functions common to 
most assemblies are prefabricated. Interconnection 
wirings, which differ, are isolated and produced by 
photoetching. 

The basic building blocks of the plug-in inte
grated-circuit assemblies illustrated here are called 
microcomponent boards. They are made from two 
parts: a tiny, prefabricated board-1114 inches 
square-that carries up to 12 flatpacks of integrated 
circuits, and a partially prefabricated etched circuit 
that interconnects the flatpacks. 

.1 f . I I' ' 41 I. I 

Each board is made of plastic, glass-filled diallyl 
phthalate. The connectors and welding pins are 
molded in place. The etched circuit is welded to 
one side of the board; flatpacks or other ribbon
lead components are welded to the other side, as 
shown on page 68. Such an assembly weighs only 
about 1/4 ounce. 

With these microcomponent boards, it is possible 
to automate the production of integrated-circuit or 

Prototype module, only a few inches long, contains 10 
plug·in microcomponent boards. Each board has up to 12 
integrated-circuit flatpacks. Below, module is 
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turned on side to show the double·sided printed circuit 
board into which the microcomponent boards are plugged. 
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hybrid subassemblies, and simplify the intercon
nection and packaging of the subassemblies into 
systems. 

Complex and expensive interconnections, such as 
a multilayer printed-circuit motherboard, normally 
required for high-density packaging of subsystems 
are no longer needed. (See "The packaging 
squeeze'', p. 69). Each microcomponent board can 
interconnect a dozen flatpacks with the required 
crossover wiring. And each flatpack can contain 
several independent circuit functions-four to six 
logic gates, for example. In effect, each microcom
ponent board assembly can be the equivalent of a 
subsystem made with discrete components. 

Large numbers of microcomponent boards-36 
in one system-can be interconnected through a 
conventional two-sided printed circuit board. 

The etched interconnections for a board assembly 
can go from layout, through photoetching, to pro
duction in as little as hvo hours. Speed is important 
in producing microelectronics systems that require 
many different subassemblies. 

On the average, the same design of microcom
ponent board assembly will be used no more than 
10 times in each system, since each is a combina
tion of several circuit functions. In addition, each 
interconnection may be subject to modification 
during prototype and initial production. 

ITT's microcomponent boards meet military re
quirements for cost, life, and reliability after being 
repaired. It is estimated that the microcomponent 
board assembly, complete with integrated circuits, 
will cost about $1 for each 10,000 hours of mean 
time between failures (MTBF) in operational use
the military's rule of thumb for replaceable elec
tronic modules. 

The assemblies are made by photoetching and 
microwelding; these techniques lend themselves to 
machine control and are compatible with computer
assisted design and drafting methods, mechanized 
assembly and automated production testing. 

Equally important, ITT's modular design can 
handle more advanced packaging, such as the as
sembly of arrays of unpackaged integrated circuits, 
with no change in the basic processes. 

Circuits and cribbage boards 

The prefabricated board takes care of such func
tions as mechanical support, plug-in connection, 
component mounting, heat dissipation and insertion 
guidance. In addition, it is an assembly and test 
fixture. 

In contrast to the custom handling required to 
connect both si<les of a conventional two-sided 
printed circuit board, the new design uses prefabri
cated feedthroughs and a new laminate. More than 
50% of the circuit is prefabricated with the lami
nate material. 

Although etching defines the interconnections on 
a conventional printed circuit board, the board is 
not a universal structure; other functions must be 
designed and fabricated board by board. For ex
ample, plug-in connectors must be added and lead-
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Laminate, etched circuits and 
microcomponent boards 

Plated riser laminate with three riser patterns. The 
risers are prefabricated feedthroughs and weld pins. 

Two sets of circuits etched from the laminate. In each 
case, the lighter lines are wiring on the reverse side. 

Back of microcomponent board, unassembled and assembled. 
Circuit is welded to the board by means of the risers. 

I ----···- -.. · . · .. '!ii.i'"'~r . :1:1· : 1:1·'-·;-~ ' . . ,· ' ' . 
' ' ' ' ' ' ~ - :( I : : ;~: .;; . Wj :r.--,~: : : ~: ~ : t ~: .~~ ' : 
' . "'· . . "'· il> ' 

:··:··0:.,:.1'·.z: ... ·~: ' ,_ . ·.• ' ' 
' ' ' · • . .. 
: : : . ·: ·--··:: ,·: 

Front of board, unassembled and assembled. The maximum 
number of flatpacks, 12, have been welded in place. 

Electronics I February 8, 1965 



inser tion holes punched. The holes in two-sided 
boards must also ·be plated or eyeletted. 

For the interconnection wiring the printed circuit 
is stripped down to the bare essentials: one-ounce 
copper foils are laminated to each side of a 2-mil 
(0.002 inch ) film of Mylar, making a laminate ap
proximately 5 mils thick, and joined by feed-through 
com; ~ ctors. 

The feedthroughs , which also weld the wiring to 
the board, are 178 nickel-alloy plugs or lands, called 
risers. They are p replated into the laminate in a 
regular pattern, usually 6 vertical rows with 23 
risers each and 2 horizontal rows with 20 risers 
each. This plated riser laminate meets the require
ments for a wiring matrix that is nearly universal 
since a wide variety of interconnection patterns can 
be formed by photoetching. 

the 178 weldable nickel-alloy pins, 138 pass through 
the plastic to the front surface of the board so flat
packs and other components with ribbon leads can 
be welded to them. Twenty pins terminate in 
Micropin contacts at the bottom edge of the board 
(Micropins are flexible male contact pins made by 
ITT Cannon Electric Inc. ). The other 20 pins tenni
nate in test-probe receptacles at the top edge of the 
board (page 70). 

Prefabricating the laminate 

The molded board is nicknamed the "cribbage 
board" because of the pin pattern on its back 
surface, which corresponds to the riser pattern. Of 

After they are laminated, the copper foils are 
coated with photoresist. A pattern of 178 holes 
each 10 mils in diameter, is etched in the top foil. 
Using the top foil and its undeveloped photores ist 
as a mask, holes are etched through the Mylar and 
laminating adhesive. Etchant undercutting makes 
these holes about 15 mils in diameter, so they ex
tend under the top foil, as illustrated on p. 70. 

The J\'lylar etchant mildly attacks copper, so it 

The packaging squeeze 

Merely packing more and more cir
cuits onto conventional printed cir
cuit boards-or into cordwood 
modules that plug into motherboards 
-does not take full advantage of the 
savings in design and manufacturing 
costs that are offered by integrated · 
circuits. 

The only virtue of these traditional 
approaches has been expediency
they have permitted the production 
of integrated-circuit systems to begin 
before the search for better methods 
paid off. 

Craftsmanship 

Surface wiring on a printed circuit 
card cannot cope with all the cross
overs required in a high-density 
interconnection pattern . In many in
stances the wiring does no more 
than extend the leads of the inte
grated-circuit package. 

The designer has a solution that's 
easy to specify: mount the packages 
on a motherboard made of many 
layers of printed circuits laminated 
together. 

But the solution creates a cos~ly 
production bottleneck. A high degree 
of craftsmanship is requ ired to make 
reliable multilayer boards and few 
draftsmen can visualize wiring pat
terns in multiple planes; also, few 
production personnel can make 
them. 

To keep engineering costs within 
bounds requires computer assistance 
in design layout and rigid restrictions 
on geometry. Engineering must be 
completed before fabrication can 
begin. 
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Greater diversification 

The most significant trend in 
microsystem manufacturing is less 
and less use of identical subas
semblies. Even a fairly large discrete
component assembly can be boiled 
down at present into an integrated
circuit flatpack containing up to six 
independent circuit functions. 

This shifts the assembly operation 
from the circuit to the subsystem 
level. Therefore, equipment produc
tion requires smaller quantities of 
larger varieties of assemblies, rather 
than large quantities of relatively 
few types of identical assemblies. 

Too tiny to handle 

Microelectronics already defies 
conventional bench assembly. As· 
sembly under a microscope is rapidly 
becoming unsatisfactory as a sub
stitute. Flatpack leads are now 
spaced 20 to the inch (50-mil cen
ters). The density of signal wire 
terminations is high . It will go 
higher. 

All of these factors add up to 
the core of the problem: how can 
the equipment manufacturer per
form his main job, interconnection 
and packaging of components into a 
system, when the interconnection is 
becoming too complex and too 
minute for manual assembly 
methods? 

He must substitute standardized 
processes for inadequate manual 
ski lls. The processes selected for use 
today must also be applicable to 
future modules. so there won 't have 
to be an upheaval in production 

methods with each advance in 
microelectronics. 

Chemofacture, not manufacture 

This analysis of the problem 
underlies the microcomponent-board 
assembly described in this article. 

"Chemofacture" has replaced 
manufacture. Photochemical pro
cesses-the use of pictures and 
juices-are employed whenever a 
variable appears. Photography is the 
simplest way to describe complex 
information and to effect design 
changes, and chemistry is the 
simplest way to produce designs. 

This has already been demon
strated in the conventional printed 
circuit and in the " master slice" 
approach to custom integrated cir
cuits. A collection of standard parts 
is provided with a unique intercon
nection pattern by photochemical 
processes. 

The microcomponent board design 
is one of several microelectronic 
techniques developed under a 
special program established more 
than two years ago at ITTFL. This 
program, called Chico (Coordina
tion of Hybrid and Integrated Cir
cuit Operations) , is responsible for 
the continued improvement of micro
electronics design, interconnection, 
assembly and packaging methods. 

To assure use of improved meth
ods, ITTFL has also formed a Micro
electronic Technology Department 
which provides services, advises on 
and monitors microelectronic appli· 
cations in the various ITTFL equip· 
ment-design and production groups. 
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Molded board details are diagramed at left, with pins in color. A laminate riser pin is shown in color 
at the top right. Lower right sketch shows how flatpack leads, pins and risers are welded (color). 
Also shown in color is developmental plan for plating board alleys with bus bars. 

chemically cleans the exposed surface of the lower 
foil and rounds the edges of the top foil. Erosion 
of the photoresist on the top foil around the hole 
leaves a chemically clean surface there, too. 

With the bottom foil as an elech·ode, a nickel 
alloy is electroplated into the hole. When the plat
ing grows up to the top foil, the top foil becomes 
an electrode and the riser grows over it. The nickel 
spreads in a ring around the top of the hole, solidly 
joining the riser to both foils. 

As the ring grows it robs nickel from the center 
of the hole, leaving a slight depression in the riser. 
Tests indicate the depression may help concentrate 
the pressure of the welding electrodes when the 
risers are later welded to the pins in the board. 

The risers have several advantages over the 
plated-through holes or eyelets used as feed
throughs in printed circuit boards: 

• Chemical batch processing avoids the manual 
punching or drilling of holes and the quality control 
problems of particles and burrs. The chemical 
process is also cheaper than eyelet insertion and 
the electrical bond is better. 

• The nickel under and over the top foil locks 
the riser securely in the laminate. 

• A reliable bond between the nickel and copper 
is assured because the copper is chemically 
cleaned. In contrast, when electroless plating is 
used on thick boards, chemicals are used to sensi
tize the plating surfaces, resulting in an additional 
chemical and metallurgical interface between the 
metals. 

• The process is cheaper than electroplating 
holes in thick boards, primarily because the geom
etry is more favorable and yield is higher. Current
focusing pins are not needed to get even plating 
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inside the riser holes because they are about six 
times as wide as they are deep. 

Registration holes, needed to align the circuit 
and connector during subsequent assembly, are 
etched in the top foil and the Mylar at the same 
time the riser holes are etched. Nickel plugs fill the 
holes during plating, but fall out when the support
ing foils are dissolved during circuit etching. 

At present, the plated riser laminates are pre
fabricated in strips five inches long with three 
matrix arrays. Continuous strip forms are being 
developed so large numbers of circuits can be 
etched in a continuous operation. 

Spray etching, rather than tank etching, is used 
throughout the processing to obtain better process 
control. Only fresh etchant contacts the foil. Spe
cialized apparatus is required for precise registra
tion of etched patterns and control of dirt particles. 

Microcomponent-board design 

The cribbage board is a printed-circuit-card 
connector that is altered in form so it functions 
as a card as well. It is thicker than a conventional 
card in proportion to its surface area and more 
rigid. Ridges on the front surface (diagram above) 
make it still more rigid. 

The ridges look like a square wave with rounded 
corners. Ribbon leads fit snugly into the depres
sions in the ridges and contact the welding-pins. 

The present design has six rows of 23 pins 
spaced 50 mils apart. Components nest in five 
depressed-surface channels, called alleys, between 
the rows. There is room in the alleys for strain
relieving crimps in the leads. 

Flatpacks usually go into the first, third and fifth 
alleys to keep interconnection layout simple. Four 

Electronics I February 8, 1965 



10-lead Hatpacks, spaced one pin apart, or three 
14-lead Hatpacks fit in each alley. Components too 
large to fit in the alleys can be mounted on a 
miniature printed-circuit card that fits into a 
molded frame the size of a board. 

When the board is molded, nickel pins are pre
positioned in the molding form in attached rows, 
like combs. After the plastic sets, the combs' back
bones are removed. 

The board has access openings at the end of each 
alley. The test-probe and Micropin contact assem
blies are inserted through these openings into 20 
open tubes or wells that go to the outside edges of 
the molded form and protect the contacts. These 
parts are prewelded at right angles to their pins. 
Epoxy is used to fill the access holes, locking the 
pins in place. 

This construction meets military reliability re
quirements, yet is inexpensive enough for use with 
integrated circuits, which are expected to become 
very low in cost. The Micropins plug into a mating 
connector, so the board assembly can be removed 
from the module without desoldering. 

For commercial use, an easy-to-mold plastic such 
as phenolic could be used. Longer weldable pins, 
bent at right angles and molded in place as leads 
extending beyond the board edge, could be sol
dered into a printed-circuit board. 

Engineering cycle 

To lay out the etched-wiring pattern, the drafts
men work from a layout, prepared by engineers, of 
the circuit functions. The engineers use adhesive 
symbols to mark the Hatpacks by catalogue number, 
circuit type and signal lead positions. Then they 
sketch the wiring paths between leads (this meets 
MIL-STD-806B on functional diagrams). 

Worst-case test pattern for etched circuit is scribed on 
a coordinate drafting machine. Note registration-hole 
pattern around edge of circuit pattern. 

The draftsmen draw the interconnection layout 
on a geometrical form at four times scale. Numbers 
are used to identify the riser/pin locations, contact 
pins and test probes. Solid lines represent the 
etching pattern for one side of the laminate and 
dotted lines the other side. 

The layout is traced on master artwork sheets 
that already have land patterns corresponding to 
the riser array. The artwork is scribed or taped on 
the type of stable plastic film used to make artwork 

/ 

Welding the assembly. At left, an opposed-electrode resistance welder welds the risers to the board pins. 
At right, parallel-gap electrodes weld component leads to the board. This board design, different 
from the one on page 68, is used when large, ribbon-lead components must be mounted. The alleys are wider. 
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masters for conventional printed circuits. 

Interconnection matrix topology 

The dimensional standards for the wiring matrix 
are: area, 1.40 inch wide by 1.28 inch tall ; land 
spacing, 50 mil centers ; land diameter, 23 to 2.5 
mils ; minimum line width and spacing, 7 mils. 

An average assembly of 10 Ratpacks requires 
only 100 to llO wires for full interconnection and 
input/output and tes t leads. Crossovers average 
about 30% . 

Two rules of topology are followed: 
1. An independent conductor can be between 

adjacent nodes on either or both surfaces. If two 
wires go to neighboring risers, a third wire can be 
threaded between them and around either riser. 

2. Each riser is a feedthrough. The draftsman 
has 178 opportunities to get out of a dead end or 
avoid crossover on one surface by going to the 
opposite surface. 

At present, these rules are flexible enough for a 
large range of useful networks , with little trial and 
error in layout. E xtra rows of nodes can be added 
for higher connection density. 

The photograph on page 71 shows the top surface 
of a worst-case test pattern-one with the longes t 
practical wiring run and most risers-being scribed 
with a coordinate drafting machine. The bottom 
surface is a mirror image. This pattern demon
strates the technique's ability to solve crosstown 
traffic problems. It is also used as the master for 
process quality control and to test series resistance. 

The array has six test loops, interwoven into 
isolated pairs where the conductors of one loop 
independently thread around the feedthrough lands 
of the other loop. 

Series resistance of each loop, including 12 
inches of wiring, 17 risers and two contact pins 
and sockets, is 960 milliohms. The low impedance 
in ground and power paths avoids mutual coupling 
or "ground noise" buildup. 

Welding the wiring matrix 

Connectors are plugged into the Micropin and 
test-probe receptacles and the board is oriented in 
a cavity fixture. A thin film of B-stage epoxy (cured 
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The cover 

One microcomponent
board assembly looks 
like a satellite 
floating in space. 
This effect was obtained 
by positioning the 
assembly in a corner of 
front·surface mirrors. 

to t11 e clry, solicl sta te, but not thermoset) prc
punched at land locations is placed b C' twccn the 
back of the board and the circuit. This film , when 
thermoset after the welded circuit is tes ted , will 
provide a bond and act as a moisture and contami
nant barrier. It is set by a rubber-blanket heater. 

The registration holes in the circuit and pins in 
the fixture orient the board and circuit. A frame 
that fits over the unu sed Mylar locks the circuit 
in place. Registration tolerance is about 1 mil , more 
than ample sin ce the nickel ri ser lands which con
tact the welding pins are 15 mils in diameter. 

A resistance welder, like those used to make 
cordwood modules, but with oppos in g electrodes, 
welds the ri sers to feedthrough weld pins. A dy
namically controlled weld cycle maintains weld 
quality. 

The operator positions the top electrode over the 
copper lands above the risers (sec photo on p. 71), 
by moving the fixture. The bottom electrode centers 
itself in the serrations on the board face and the 
weld is made. 

Tes t point and plu g contact connections are 
welded through the fi xture pins, or through access 
holes that arc left in the board until after the welds 
arc tes tcd. 

Electrical network test 

The board-circuit assembly is "buzzed out" with 
needle probes. This is done from the component 
side of the board, so weld-pin continuity is checked 
along with weld joint and etched wiring continuity. 
Anticontinuity tes ts are also made, to detect un
etched bridges, and to make sure the tiny gaps 
between wiring are not shorted by fo reign particles. 

The tes t is similar to conventional high-potential 
testing, except that only 50 volts rms is used. 

If faults are found , the assemblv is discarded, 
since investment in it is low until the flatpacks 
are welded in place. Good circuits arc scaled with 
a conformal film of epoxy or adhes ive Mylar. 

Final microcomponent assembly 

The opposing-electrode welder could be used to 
weld flatpack leads and the e tched circuit to the 
weld pins simultaneously. But a high-resistance 
weld could cause current surges to enter the inte
grated circuit and damage it. Moreover, that would 
be contrary to the des ign concept s ince it would 
complicate assembly and prevent tes ting of the 
board and matrix as a subassemblv. 

Therefore, the component leads ~re welded with 
a dynamically controlled parallel-gap welder. This 
type of resistance welder is commonly used to weld 
Ratpack leads to printed circuit board surfaces, 
since the weld pulse and weld heat are confined to 
a small area on the lead (see photo on page 71). 

The completed assembly is generally tested for 
electronic performance in the actual equipment 
environment. 

Repairability and reliability 

During prototype development, engineering or 
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Packaging design for a microelectronic system composed of modules containing large numbers of boards. 

TIE ROOS j 0 . 15001A~ I 
I 
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OPTIONAL FOIL SHIELD ANO SEPARATOR~ 

I (OUTER- FOIL GROUND FLAT PACK 

75 MILS 
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I 
COOING ANO INTERCHANGE 
TERMINALS 

TYPICAL 
FILM 
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Second-generation design. Flatpacks are still welded to the laminate, but the laminate is folded 
accordion -style into a housing. Risers and metallic circuit elements are shown in color. 
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assembly errors may make it necessary to replace 
welded components. For removal, leads are cut 
near the weld with a small, razor-blade knife. The 
end of the lead is pulled off with a pair of tweezers. 
The pin surface is scraped clear with the knife. 

Because indents lock the pins in the plastic, 
they do not readily loosen. Leads have been re
moved and replaced as many as four times. This 
repairability is a decided advantage in production, 
and also allows the customer to make emergency 
repairs. Replacing components welded to conven
tional printed wiring is difficult because the etched 
wiring may be pulled loose or stressed. 

Among the reliability considerations built into 
the design (besides the choice of materials) are 
the avoidance of mechanical stresses on the com
ponents during production and use. For example, 
there are no significant production stresses because 
components are added last. 

Ounce for ounce, the board-and-circuit assembly 
is stronger than conventional laminates. No thermal 
shock problems have been found, for two reasons: 
the laminate dielectric is thin compared to riser 
height and the pins are locked in the plastic. The 
maximum thermal expansion differential between 
the metal and plastic members is around 1/4 mil, 
more than absorbed by the materials' resiliency. 

Heat dissipation is no problem, either, since an 
average microcomponent-board assembly dissipates 
only around 1/a watt. 

Second-generation assemblies 

Under development is a technique for welding 
packaged integrated circuits directly to weldable 
risers, as indicated on page 73, after the custom 
interconnection matrix is tested and bonded to a 
mechanical-support sheet. High yield and other ad
vantages of tl1e basic processes are retained, but 
packaging density rises. 

The technique will not be used until there is suffi
cient confidence in the reliability of the construc
tion. It is not probable that devices can be replaced 
and the desired reliability retained. The technique 
appears most suitable for equipment with very long 
MTBF's and with designs that are "frozen." 

The laminate-etching process is being modified 
so that conductors can be etched between riser pat
terns. This will allow subassemblies to be as
sembled continuously on sh·ips. For heat-sinking, 
anodized aluminum squares can be attached to the 
back of each assembly, the strip folded like an 
accordion and tucked into a housing. Another ap
proach is to spiral-wrap the film around a fluid
cooled pipe. 

Also under development are techniques of using 
a flexible printed circuit to interconnect unpack
aged integrated-circuit chips. 

Mechanizing assembly operations 

The assembly procedures are being mechanized 
to overcome a problem that became apparent dur
ing development. No matter how competent an 
operator is, he cannot maintain the concentration 
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required to make perfect welds, centered at each 
of the 178 risers on a matrix. Yet welds centered 
within 1 mil are needed for highest probability of 
reliability. 

A new automated welder steps the welding fix
ture so each pin in a row is positioned under the 
electrode, at a rate of about two welds per second. 
The bed plate moves in 50-mil increments along 
the X axis. Movement in the Y axis is still manuaL 
the operator positions the electrode at the first pin 
in each row. 

For high-volume production, a machine with a 
10-inch bed and automatic stepping in both the X 
and Y direction is being designed. This will enable 
five board assemblies to be welded in one setup. 

Laminates can be mechanized in long strips, simi
lar to 70-millimeter movie film. The sprocket holes 
in the film will keep the strip in registration 
throughout processing. The Western Electric Co. is 
now using such a process to make identical etched 
circuits on single-sided laminate strip (see Western 
Electric Engineer, July, 1964, p. 2). 

ITTFL is working on a method of etching a se
quence of different double-sided interconnection 
patterns. The pattern sequence could be scheduled 
by using a setup similar to an automatic slide pro
jector to expose the photoresist. 

After the patterns are etched in a continuous 
process, the series of etched circuits could be fed 
into programed positioning fixtures for assembly. 

Future automation 

The development program for the microcom
ponent boards included an intensive study of auto
mation possibilities. The present design incorpo
rates the most likely of these. 

Because the assembly and wiring matrices are 
standardized, circuit and system engineers can 
readily use computers to assist design of optimum 
layouts. The computer output, fed into coordinate 
drafting machines, will draw the artwork masters. 

Available drafting machines are being evaluated 
for production of the wiring pattern representation 
on tape or punched-cards to automate the inter
connection-continuity test set. 

The manual needle-probe test, done now by a 
technician, is slow and prone to human error. An 
automated test set is being specified. It will use 
clusters of probes similar to those now used by 
integrated-circuit manufacturers to test integrated 
circuits before they are diced from the silicon slice. 

The author 

John Marley's interest in sculpture, 
biology and architecture, has 
helped him solve three-dimensional 
problems in microelectronics 
construction. A senior project 
engineer, Marley also conducts a 
company course on the impact of 
microelectronics on the future 
design of electronic systems. 
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Communications 

Laser-television system developed 
with off-the-shelf equipment 

Signals are transmitted in atmosphere for more than a mile. Inexpensive system 

may be used for tv link among 11 buildings during the day and night 

By C. J. Peters, R. F. Lucy, K. T. Lang, E. L. McGann and G. Ratcliffe 
Applied Research Laboratory, Sylvan ia Electronics Systems Division of Sylvania Electric Products, Inc., 
Waltham, Mass., a subsidiary of General Telephone & Electronics Corp. 

A relatively inexpensive gas laser television system 
using off-the-shelf equipment has been developed 
to transmit through the atmosphere during the day 
or the night. 

Excellent picture definition has been achieved 
in an experiment with the sys tem over a 6,000-foot 
transmission link. The developer, Sylvania Electric 
Products, Inc. , is considering using the television 
sys tem to interconnect an 11-building complex in 
a 12-mile diameter circle in 'Valtham, Mass. 

The key to the laser-tv system is a video modu
lator developed by Sylvania's Applied Research 
Laboratory. The type S2A device is electrically and 
optically similar to a device described at the 1964 
Northeast Research and Engineering Meeting1 in 
Boston , except that the S2A is not a traveling
wave type of structure. Such a structure isn't re
qufrecl in this system because the bandwidth for 
the simple video link is relatively narrow. The 
electro-optic effect on which the S2A depends for 
its operation is a variation in the index of refrac
tion along a particular axis of the crystal material 
used, in response to an electric fi eld, in this case 
the applied video signal. 

Previous attempts 

The laser-tv experiment over the 6,000-foot link 
is not tlw first time that a tv signal was imposed 
on a laser beam. S.M. Stone and L.R. Bloom2 at 
the laboratories of Sylvania's parent comf)any, the 
General Telephone & Electron ics Corp., demon
strated transmission and detection of a three-giga
cycle microwave subcarrier superim posed on a laser 
beam to carry tv and audio modulation. 

Nor is it the first time such a signal has been 
receivecP over an atmospheric path. However, it 
is the first time that television has been trans-
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mitted over a long path using a small laser system 
constructed of readily available components. 

In the first step of the tv-laser experiment, the 
laser link was operated over a path that included 
a mirror and a remote receiver. The mirror was 
used to achieve a long path and to show that the 
laser beam could be successfully reflected at an 
angle. 

A retroreflector-similar to a radar corner-re
flector-comprising three mirrors mutually inter
secting at right angles, was used in the final ex
periment so that the sending and receiving 
terminals were at the same place to simplify evalua
tion of the received picture. 

The television signal is imposed on the beam 
from the laser in the form of video amplitude 
modulation as shown in the diagram on page 77. 
The signal is obtained from one of the video stages 
of a television receiver, amplified by a commercial 

Coherent-light optical modulator is inserted between 
laser beam source and output of the laser transmitter. 
Modulation is usually limited to 30%, requiring an 
applied voltage of 110 volts. 
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Table of experimental details 
Laser wavelength 
Laser output power 
Transmitted beam width 
Retroreflector diameter 
Effective receiver aperture 
Receiver optical filter 
Photomultiplier type 
Modulation 
Transmitter optics 

6,328 angstroms 
500 microwatts 
1h milliradian 
2112 inches 
5 inches 
50 angstroms 
7265 
a-m 
none 

video amplifier and placed on the laser beam using 
the S2A video modulator shown on page 75. 

At the receiver, the signal is collected with in
expensive optical equipment, passed through a 
narrow-band optical filter and field stop and de
tected by a photomultiplier. Two simple devices, 
the narrow-band filter and the field stop, are es
sential for daytime operation. The output from 
the photomultiplier after video amplification is in
jected into the picture tube of a second television 
receiver. Comparison of the pictures is on page 
77. The excellent definition of the laser-trans
mitted picture indicates good transient response 
of the modulator and associated electronic circuits. 
The lack of "snow" indicates a qualitative idea 
of the good signal-to-noise performance of the 
system. Part of the noise results from the laser 
and part from the intense daylight background. 
The relative noise contributions from these two 
sources is not known precisely, but it is expected 
that the laser noise will be negligible in a final 
system design. A comparatively wideband optical 
filter (50 angstroms) is used in this receiver. If 
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necessary, daylight discrimination can be improved 
substantially with a narrower band optical filter. 

Effects of weather 

Fog and rain, of course, attenuate transmission 
over the system. But records of visibility in the 
area where the system may be constructed indicate 
that it can operate more than 98% of the time. Such 
performance is acceptable for the purposes en
visioned-interplant conferences during the day 
and surveillance at gates after dark. 

Optical systems also appear attractive for re
entry communications applications and for trans
mitting vast amounts of data within a short period 
between an orbiting satellite and the earth. Al
though the transmitter portion is now available, it 
seems likely that an optical superheterodyne re
ceiver will be needed to cope with intense back
ground light encountered in both these applications. 

A satellite's battery power can be conserved by 
using pulse-code modulation for the tv trans
mission. This digital approach requires a more 
elaborate system than the analog system described 
here. However, it is justified when prime power 
is at a premium. Polarization modulation of the 
laser beam should be used in the pcm system to 
get increased range and to reduce atmospheric 
effects. A model S2P modulator would be used for 
the polarization modulation. The S2P is electrically 
identical to the S2A. 

Amplitude modulator 

The new amplitude modulator requires com
paratively small drive voltages. Previously a Pockels 
cell, in which the modulation voltage is applied 
to an electro-optic crystal along the direction of 
the light travel, was used for amplitude modulation. 
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Audio driver circuit illustrates simplicity of equipment needed to 
actuate the optical modulator for a laser-television system. 
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Television broadcast picture used for test is shown on the screen at the left. The picture received through the 
laser system is displayed at the right, showing that, despite deterioration, resolution is adequate and noise low. 
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Experimental laser-television link uses home tv receivers as inexpensive input 
and output devices. The entire system contains off-the-shelf equipment. 

It is difficult to generate the kilovolt signals at video 
bandwidths to drive the Pockels cell and to dis
sipate the heat generated within the cell as a result 
of the high voltage. The S2A modulator requires 
approximately a 10th the voltage of the Pockels 
cell, so the power levels are reduced by 100. 

The active element in this modulator is KDP 
(potassium dihydrogen phosphate), which has good 
optical transmission from about 0.2 to 1.5 microns. 
However, as is usual in optical modulators, this 
one contains a quarter-wave plate and other wave
length-sensitive optical elements so that any one 
modulator is at its peak performance over a com
paratively narrow wavelength interval of perhaps 
1,000 angstroms. 

Since the drive voltage needed to produce a 
given level of modulation increases proportionately 
with the optical aperture, a small aperture is de
sirable. The output beam from a gas laser can 
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easily be collimated to a diameter of about 1 mm 
(0.04 inch). The modulator aperture of 0.1 inch 
was chosen to provide a generous tolerance on 
alignment and centering of the modulator and to 
accommodate the spreading of the beam caused 
by diffraction. For ruggedness, the modulator is 
contained in an aluminum body 1.5 inches in 
diameter and 3.5 inches long. 

The operating characteristics of the modulator 
can be described in terms of the circuits required 
to drive it for various applications. The factor of 
100 reduction in drive power mentioned earlier is 
best illustrated by the simplicity of the audio driver 
circuit on page 76. The input power to this circuit 
is approximately 50 milliamperes at 18 volts. The 
only novel feature of the circuit design is its 
step-up output transformer that produces approxi
mately 300 volts peak to peak. 

Optical radars sometimes use a sinusoidal am-
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plitude modulation of the light beam to measure 
range. For accuracy, this modulation frequency 
is chosen to be as high as possible. Because the 
KDP crystal has low loss, the 20-picofarad input 
capacitance of the modulator can be resonated 
with an inductance at frequencies up to at least 
30 megacycles to obtain high-frequency operation 
at low power. 

Such a modulator is ideally suited to pulse
modulation applications, because its frequency re
sponse extends down to zero. There is no definite 
limitation on the upper frequency response. For 
high duty cycle applications, the bandwidth of this 
modulator is determined by the internal heating of 
the crystal. Except for this factor, pulse response 
equivalent to a bandwidth of 200 megacycles should 
be realized at a low duty cycle. The time constant 
of the modulator in parallel with a 200-ohm im
pedance, which is equal to the output impedance 
of a Hewlett-Packard 460BR wide-bandwidth am-
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plifier, works out to a value of approximately 4 
nanoseconds. 

Although this modulator uses KDP crystals in 
an unusual orientation to reduce modulation volt
age, the modulator and the Pockels cell have a 
similar nonlinear relationship between modulation 
voltage and light intensity. A photomultiplier, when 
used as a power detector, is also a nonlinear device 
and to a certain extent these two nonlinearities 
compensate each other. 

The relationship between the instantaneous volt
age applied to the modulator and the instantaneous 
current out of the photomultiplier is shown in the 
diagram below. The slight curvature of this transfer 
function produces harmonic distortion in the photo
mu ltipli t>r current. The magnitude of the third
harmonic distortion as a function of the depth of 
modulation 4 is shown in the lower curve. The 
third-harmonic distortion, as shown, is negligible 
below 75% amplitude modulation. 
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Edward L. McGann is participating in the design and 
development of an optical superheterodyne receiver, 
a laser tracking system and optical modulators. 
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MODULATION IN PERCENT 

100 · of specialized uhf filters. 

Amplitude-modulator and phototube system 
produces a transfer function (above) that relates 
photomultiplier output current to modulator input 
voltage. Third-harmonic distortion (lower curve) is 
not appreciable until depth of modulation exceeds 75%. 
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Space electronics 

Navigational satellites: 
beacons for ships and planes 

Recent advances in space electronics make possible techniques 

for determining a craft's position , for controlling 

crowded traffic lanes and for communications 

By E. S. Keats 
Manager of display and navigation systems of Westinghouse Electric Corp.'s Electronics Division, Baltimore 

"Where are we?" has been the question posed by 
captains since the early days of sailing and more 
recently by the commanders of high-speed jets. 
Traditional navigational techniques, using the sun 
or the stars or the more modern radio aids, have 
serious limitations, so that navigators usually can 
only report to the captain: "Here is about where 
we were a while ago." 

Today researchers are looking to satellites to 
provide both reliable communications and beacons 
across thousands of miles of ocean. 

A satellite navigational system could automati
cally calculate the position of an aircraft or ship. 
The position, accurate to within one mile, could be 
displayed at frequent intervals in the craft within a 
second after it is measured. And the position could 
also be displayed simultaneously at a traffic-control 
center and furnished to rescue services if needed. 

Air-traffic control centers would have a con
tinuously updated plot of all craft. Control over 
the oceans would be as precise as though the 
entire area were under radar surveillance. 

Communication link 

Traffic-control instructions, weather information 

weather and atmospheric disturbances hinder com
munications. 

Time is a serious problem for fast-moving craft, 
such as a jetliner: by the time a fix is obtained, the 
plane is miles from that location; and the ground 
base knows of the jet's location only when the 
navigator reports the data. 

Because of these shortcomings, the heavily 
traveled air corridors must be widely spaced for 
safety. As air traffic grows, the requirement for 
more efficient use of air space becomes more im
mediate. 

Choice of systems 

Before designing navigational equipment for the 
satellite, broad decisions must be made: 

• Should the navigator transmit to the satellite? 
• If the navigator transmits, should the measure

ments be made on the craft or in the satellite? 
• Should the measurements be made on command 

or periodically? 
• What should be measured-distance, direction, 

or both? 
• Should the navigational system use one satel-

and warnings of hazards could be sent to aircraft The author 
and ships by the communication link that the sys
tem could provide. Routine and emergency mes
sages could also be handled on the very-high
frequency band with line-of-sight reliability. 

Before examining the systems that could be de
veloped for navigation, it would be valuable to 
look at the limitations of the current systems. 

The obvious obstacle to navigation is weather: 
clouds block out celestial sightings and bad 
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lite or several simultaneously? 
Following are some trade-offs that have led vari

ous groups to recommend different systems. 

To transmit or not? 

Military aircraft and ships would not have to 
give away their location with a nontransmitting 
system, but they pay the penalty of having to carry 
costly and complex equipment. In such a system 
all necessary signals for navigation must be radiated 
from the satellite and each aircraft and ship must 
carry sensitive measuring equipment. The craft 
must also carry computing equipment to process 
the data. The satellite must continuously transmit 
the signals that enable the user to make measure
ments. These signals include: 

• Data on the location of the satellite in any 
convenient coordinate system. 

• And a carrier at a level sufficient to provide 
the signal-to-noise ratio required for accurate 
measurements. 

One type of system in which the craft does not 
transmit is based on using the satellite as if it 
were a reference star and making measurements of 
altitude and azimuth with respect to it. Such a 
system is conceptually attractive because the posi
tion can be computed by the same techniques 
used in conventional celestial navigation. On the 
other hand, this system requires many satellites, 
because at any one time and at any place on 
earth at leas t two must be visible to the naviga
tor at elevations about 10° but below 80° and 
separated by more than 30° in azimuth. In addi-

Where we stand 

The use of satellites as a navigational tool for ships and 
for airplanes that span oceans has been widely discussed 
and studied over the past few years. 

The following studies have been paid for either by the 
government or private industry: 
• Pairs of satellites orbiting at synchronous altitude to 
determine positions of aircraft were recommended in a 
study by the University of Michigan in December, 1963. 
The study of trans-ocean air-traffic control was prepared 
for the Federal Aviation Agency. 
•Medium-altitude satellites to determine a craft's location 
by measuring distance simultaneously from two satellites 
were recommended by the General Electric Co. This study 
in February, 1964, was made under contract to the Na
tional Aeronautics and Space Administration. 
•The Univac division of the Sperry Rand Corp. studied 
the computing requirements of navigational satellite sys
tems under contract to NASA. The division submitted a 
feasibility report in February, 1964. 
•The Westinghouse Electric Corp. recommended that 
medium-altitude satellites determine position by measure
ment of distance and direction. This NASA study in Jan
uary, 1964, investigated the feasibility of a navigational
satellite system for worldwide navigation and traffic con
trol for commercial and private aircraft and ships. A 
follow-on contract for additional study, in October, 1964, 
recommended the use of synchronous-altitude satellites 
for these measurements. 
•The Navy has been developing a navigational-satellite 
system called Transit for warships. Information published 
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tion, the need for accurate, narrow-beam antennas 
makes the system expensive for ships and imprac
tical for aircraft. 

Another technique in which the user need not 
transmit is the measurement of the doppler shift 
of a stable frequency signal broadcast by the 
satellite. The United States Navy's navigational 
satellite, Transit, is used in such a system. Transit 
uses currently available high-stability frequency 
generators and counters but requires every user 
to have complex and relatively expensive equip
ment. The high cost of the Navy system can be 
justified because warships' position must be con
cealed, but a system for commercial and private 
operators should be more economical. Money can 
be saved by not using measuring and computing 
equipment on the user's craft, but instead, having 
the user transmit. 

Who measures: satellite or user? 

In an active navigational satellite system, where 
the craft transmits , the computation of position 
may be made either on the craft or in the satel
lite. Making measurements in the satellite requires 
special equipment only in the satellite, while mak
ing measurements on the craft requires each user 
to carry special equipment. 

If the user transmits and receives a response 
from the satellite, then the measurements could be 
made and calculations performed on the craft. But 
this would be as complex and as costly as a system 
in which the user remains concealed. 

The user could also send the measurements to 

up to about a year and a half ago disclosed that it was 
based on low-altitude satellites broadcasting a radio signal 
with a stable frequency and that position was determined 
by measurement of the doppler shift of the radio signal 
as the satellite passed over the ship. 
•Several groups have said that they have studied adapta
tions of the doppler-shift principle for commercial and 
private vessels. In April, 1962, the Applied Physics Labor
atory of Johns Hopkins University said that it was working 
in this area. In June, 1964, the Radio Corp. of America 
proposed the use of 'medium-altitude satellites with a 
worldwide tracking network. Westinghouse has also 
worked in this area. 
•The Collins Radio Co., in a series of presentations to 
the Institute of Navigation from 1961 to 1964, has de
scribed studies involving measurements of the altitude 
and azimuth of satellites by radio sextants in a technique 
similar to celestial navigation. 
•The Cubic Corp. suggested an adaptation of the Secor 
geodetic satellite, which measures distance from the satel
lite to three known points and one unknown point, for 
navigational purposes. 

A Joint Navigation Satellite Committee, with representa 
tives from NASA, the Federal Aviation Agency and the 
Departments of Defense, Commerce, Interior and Treas
ury, was organized in October, 1964, to evaluate re
quirements and costs for improved navigation, traffic con 
trol and search-and-rescue services. If the committee de
cides in favor of the system, it will recommend that NASA 
undertake a research and development program. 

In view of this activity, there is a strong likelihood that 
a navigational satellite system may be in operation within 
the next few years. 
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the satellite for relay to a ground station for com
putation, but this is an awkward arrangement. 

Therefore, making the measurements in the satel
lite is the most economical method. 

Instantaneous or sequential measurements 

Aircraft that carry altimeters, and ships, can be 
located in geodetic coordinates with two measure
ments. Distances from the moving satellite are deter
mined at two different times, with allowances made 
for the user's motion during the interval between 
measurements. This would provide the user's posi
tion, but with inaccuracies, because his exact 
absolute speed is unknown. 

A measure of the rate of change of distance, 
which can be accomplished by recording the dop
pler shift of a radio signal from a satellite trans
mitter, also provides the position of a craft. Move
ment of the satellite permits the user to obtain 
subsequent measurements. Again, errors are in
troduced by the user's unknown absolute speed. 

All navigation schemes that provide position 
data from multiple-distance measurements over dis
crete time periods require accurate information on 
the velocity of the aircraft or ship with respect 
to the earth, not the sea or air. Undetermined mo
tion of the vehicle results in large errors in its 
position. It is possible to adequately measure the 
motion of ships without a satellite for an acceptable 
position fix, but for aircraft, the magnitude of dis
placement caused by air current, for example, is 
great enough to produce unacceptable errors. 

It might appear that the unknown motion param
eters might be computed from the satellite meas
urements and the data used to eliminate the 
position errors. But this is not true in practice. For 
example, if an aircraft is assumed to have a steady 
but unknown velocity, there is theoretically enough 
information available from multiple measurements 
to calculate it. Unfortunately, small variations in 
the assumed steady velocity will produce large 
errors in the calculated velocity. And there will 
be correspondingly large errors in the position 
with computation based on the incorrect calcu
lated velocity. These problems cannot be solved 
by advancing technology. These are additional 
reasons why the Transit system has not been used 
for aircraft. Such difficulties rule out the technique 
of making distance measurements from one satel
lite over a period of time. A ·system that serves 
both aircraft and ships must make all measure
ments instantaneously. 

The choice narrows 

Various combinations of instantaneous measure
ments are possible for a system in which the user 
transmits to the satellite. Two systems recom
mended to the National Aeronautics and Space 
Administration under study contracts are the West
inghouse Electric Corp.' s concept for the measure
ment of distance and direction from one satellite 
and the General Electric Co.' s concept for the 
measurement of distance from two satellites in 
addition to using altitude data obtained, in the 
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Navigational satellite system proposed by GE would 
use two medium-altitude satellites to determine position 
by simultaneously measuring their distances from a craft. 

case of aircraft, from the plane's own instruments. 
The advantage of GE's system is that the satel

lites are simpler. Disadvantages: twice as many 
satellites are required and position accuracy is 
degraded near the line joining the subtrack points 
-points on the earth's surface directly under the 
satellite. Near this line, the acute angle of inter
section of the measurement vectors results in magni
fication of altitude errors, which may be several 
hundred feet when measurements are made with 
barometric altimeters. But more accurate radar 
altimeters are expensive. Position fixes from syn
chronous satellites in relative position over the 
equator, for example, may be in serious error within 
an area between 15° north latitude and 15° south 
latitude because of these altitude errors. 

The advantages of Westinghouse's distance and 
direction system are that one satellite is required 
instead of two and its accuracy is not degraded 
anywhere on the globe. But the satellite is more 
complex than the satellites that only measure dis
tance. 

A typical system 

Each system would require different equipment. 
A possible system proposed by Westinghouse 
would consist of satellites orbiting at synchronous 
altitude-22,300 miles. Position could be deter
mined by instantaneous measurements of distance 
and direction, with transmitting equipment on air
craft and ships, and control stations on the ground. 
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Gravity-gradient attitude control system points this Westinghouse Electric navigational 
satellite at the earth from its orbit at synchronous altitude. 

Each satellite would be gravity-gradient stabil 
ized. The satellite's surface would be covered with 
solar cells to supply power. The booms of the grav
ity-gradient system would provide attitude control. 
Interferometer antennas for the -direction-measurP
mcnt radar would be placed at the ends of the 
booms, facing the earth. The radar antenna and the 
communications helical antenna would be below 
the satellite body and directed toward the earth. 
The nozzle of the engine that positions the satellite 
into its synchronou s orbit-after it has been lifted 
into space-would project from one base of the 
body. A small helical antenna around the nozzle 
would form part of the command and telemetry sys
tem. 

The sa tellite would also have sensors and a thru st 
system to control attitude during initial orbit injec
tion and to s top the satellite from spinning before 
the gravity-gradient boom is deployed. Position 
would be maintained by a command from the earth . 

All the electronic equipment in the satellite, with 
the exception of the fin al output tube, would be 
solid-state integrated circuits for reliability and 
weight savings. 

One satellite in an orbit synchronous with the 
earth at the equator and 33° wes t longitude would 
p rovide coverage for the Atlantic. Three satellites 
spaced at equal distances around the equator would 
cover all of the earth except near the poles. 

If coverage of the entire earth were required, 
the system would need two synchronous satellit.es 
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in equatorial orbits plus three additional satellites 
in polar orbits at altitudes of 22,300 miles. 

The location of the satellites with respect to 
the earth is, of course, the reference point for all 
calculations of position for the user. Determination 
of satellite position at the instant the navigation 
measurements are made would involve only the 
substitution of ground reference stations at known 
locations for craft in the measurement cycle. Eight 
reference stations would be required for worldwide 
coverage. These reference stations would also deter
mine the satellite's attitude. 

A ship or aircraft would tune into the system 
by notifying a control station that it is ready to 
depart from a port or airfield. An automatically 
generated identifying code would be sent via the 
sa tellite to the control station . Then the computer 
would signal the craft to start receiving the satel
lite's data. The craft could verify the accuracy of 
the position report before it starts its trip by com
paring the position it receives with its known 
location. 

Two ground stations would provide control of 
all five satellites required for world coverage. The 
satellite would act as a relay between the control 
stations and all craft. A control station would 
initiate the position determination by sending a 
message to a craft via the satellite. The craft would 
recognize its own signal and prepare to respond to 
the distance-measuring pulse that would follow. 
The user would receive this distance pulse, im-
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Electronic equipment in the navigational system is shown fo r t he satellite, t he ground 
cont ro l station and the user vehicle in this operat ional block diagram. 

mediately retransmit it, and then send a longer 
pulse to the satellite for direction measurement. 
The craft would continue to receive position fixes 
on a regular basis until it arrives at its destination. 

Distance measurement 

The satellites would relay the distance pulse 
to the control station, where distance from the 
satellites to the craft is determined by conventional 
radar-ranging techniques. The time for the pulse 
to make the round trip from the control station 
to the satellite and back is subtracted from the 
time the pulse takes to travel to the craft via the 
satellite and back to the control station via the 
satellite. 

There would be no difficulty in achieving high 
accuracy with this method. Emphasis, therefore, 
is placed on reducing transmitted power and, thus, 
satellite weight. 

The system would use a linear f-m pulse-expan
sion technique to obtain accurate measurements 
of distance while reducing the peak power trans
mitted and increasing the pulse time from 6.3 
µ.sec to 318 µ.sec. The signal bandwidth transmitted 
would be 159 kilocycles. The signals would be 
transmitted sequentially over a longer period of 
time, producing a linearly swept carrier frequency 
within a pulse of lower peak power. The expanded 
pulse would be transmitted from the control sta
tion to the satellite, to the craft and back along 
the reverse route. When the signal is received by 

Elect ronics / February 8, 1965 

the control station, it would be compressed to its 
original 6.3-µ.sec width. The peak signal power 
would be effectively increased because the energy 
in the pulse remains constant. 

The pulse-compression and expansion circuitry 
can be at the ground station, thus less equipment 
would be required in the satellite or on the craft. 

Many position fixes can be obtained although 
the satellite transmitter is used only part-time. 

Distance could also be determined by using a 
continuous-wave signal that has a number of tones 
modulated upon it, together or in sequence. Meas
urement of relative phase shift at five different fre 
quencies can be used to compute distance. 

Direction measurement 

The direction pulse would be received at the 
satellite by two sets of interferometers. The inter
ferometers would be at right angles to each other. 
Each interferometer consists of antennas on booms 
extending from the satellite, plus electronic equip
ment for amplifying, frequency shifting and com
bining the received signals for reh·ansmission to 
the control station. 'The frequency multiplexer and 
repeater would be in the satellite, and the phases 
of the signal would be transmitted to the phase 
detector, situated at the control stations. The phase 
detector measures phase by counting the interval 
between zero crossings of the signal. 

The interferometer technique provides accuracy, 
simplicity and broad angular coverage without 
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Dispersion characteristic (a) illustrates how frequency 
is swept linearly across bandwidth B so that each 
component frequency is delayed in time by an amount 
proportional to its frequency. This results in an 
expanded pulse of width .,.w with the shape of B. 
When the returning signal is received, the expanded 
waveform (b) is processed through a delay line 
with slope (c), which is opposite to the dispersion 
characteristic. The expanded waveform is collapsed (d) 
to a narrow pulse whose effective width .,."equals l/B. 

moving parts. High accuracy is obtained by meas
uring the difference in phase between the signals 
arriving at the two antennas, which are spaced 
many wavelengths apart. 

The interferometer would have two antennas 
connected by transmission lines of equal length to 
a phase meter. The wavefront of a signal, originat
ing at a remote point making an angle with the 
antenna baseline, arrives at the two antennas at 
different times. The two received signal com
ponents are therefore out of phase. The electrical 
phase-difference angle between signal components 
arriving at the two antennas, as measured by the 
phasemeter, is 

27rD . 
cp = }._- Slll 0 

where D = antenna separation, ,\ = wavelength 
and () = angle of incidence of the signal. 

This discussion assumes the wavefront to be 
planar, and the direction of signal propagation to 
the two antennas as essentially parallel lines be
cause of the great distance from the earth to the 
satellite. 

The sensitivity of the interferometer may be 

84 

determined by differentiating the phase equation: 

dq, 21rD 
- - = -- cos() 
dO >.. 

The angle () varies from 0° to about 15°. This is 
the angle subtended by the earth at the synchro
nous altitude. Since cos 0=1.0, 

~: will not change appreciably over the range of 

angles to be measured, and any error in phase meas
urement results in a space angle error that is smallef 

>.. 
by a factor of '>D . 

-7r 

This navigational satellite system would achieve 
an accuracy of one nautical mile 95% of the time. 

. At synchronous altitude, this corresponds to an 
angular accuracy of 6 seconds of arc when com
bined with satellite-to-user measurement accuracy 
of 0.1 nautical mile. The three quantities that may 
be h·aded off to achieve this are the accuracy of 
phase measurement, the separation of the antennas 
and the wavelength of the signal. 

The accuracy of phase measurement depends 
upon the signal-to-noise ratio of the received 
signal. This can be improved by increasing the 
energy transmitted by the user. The accuracy of 
phase measurement is dependent upon total energy 
received rather than the peak power received. The 
energy may be transmitted over a short interval 
with high peak power or over a longer interval 
with reduced peak power. Twenty-five joules of 
energy in a 7-millisecond pulse would be trans
mitted using low-cost tetrodes in the power output 
stage of the user's equipment. 

The interferometer antennas on the satellite must 
have fixed gain because of size limitations. The 
effective aperture of such an antenna is propor
tional to the square of the signal wavelength. A 
reduction in wavelength, therefore, requires an 
increase in power transmitted by the user. 

Increasing the antenna separation means longer 
antenna booms; this complicates the satellite struc
hire and increases satellite weight. 

Angular accuracy thus is a trade-off between the 
power output of the user's equipment and the 
antenna separation on the satellite. A reasonable 
operating point appears to be at a signal-to-noise 
ratio of 42 decibels, which permits a phase-meas
urement accuracy of one degree, a wavelength of 
about one foot (at a frequency of about one giga
cycle) and an antenna separation of 100 feet. 

Antenna gain of six decibels appears to be the 
highest that can currently be obtained on most 
user equipment. Phased antenna arrays may, how
ever, provide more gain. A breakthrough in antenna 
design or in power-tube design is needed to permit 
more effective energy to reach the satellite without 
increasing the cost of the user's equipment. 

Phase measurement can be done at radio fre
quencies, at intermediate frequencies or in the au-
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Signal flow for angle measurement in the Westinghouse system. Diagram shows equipment 
involved in the satellite, the user vehicle and the ground-control station. 

Interferometer technique for measuring angles 

A 

TARGET I 
DIRECTION 

B 

a) The navigational satellite contains two interferom
eters, which consist of phase-angle measuring antennas 
plus amplifiers and data-transmission circuits. The an
tenna sets are at right angles to each other and are 
positioned parallel to the earth's surface. 

b) The angle measured by the set of interferometer 
antennas describes the surface of a cone, with its apex 
at the interferometer and its axis coincident with that of 
the interferometer. Thus, the volume covered by two sets 
of interferometers at right angles to each other and 
parallel to the earth's surface is described by two cones. 
The cones intersect along two straight lines, one pointing 
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toward the aircraft, ship or reference station and the 
other away from the earth. 

c) The lines representing distance and direction from 
the satellite to the aircraft or ship describe a cylinder 
whose diameter is the angular-error and whose depth is 
the distance error. The projection of this volume on the 
surface of the earth encompasses the position of the 
user. Since the volume projected on the· earth is approxi
mately spherical, its projection has the same size in all 
positions and the accuracy of the system is independent 
of the relative position of the aircraft or ship with respect 
to the satellite. 
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INFORMATION FOR 
SAFE PASSAGf 

Position of a plane or ship can be determined by 
finding the exact position and altitude of the 
satellite, and finding the direction and distance 
of the target vessel from the satellite. Navigational· 
satellite system could also handle communications. 

dio region, and with open- versus closed-loop (direct 
measurement versus error nulling) systems. In this 
system, there would be an intermediate frequency 
(i-f) open-loop measurement at 30 megacycles to 
directly compare the phase of the two signals. 

The signal components would be received at the 
two interferometer antennas wit.I- a phase difference 
between them. They would be heterodyned down to 
the first intermediate frequency by a common local 
oscillator, but the signals would retain their phase 
relationship through the wideband i-f preamplifiers. 
The two signals would be heterodyned down to a 
second i-f with one channel of the second local 
oscillator separated from the second channel by 
5 Kc; the two signals would retain their phase 
relation because of the small frequency separation. 
After mixing, two signals would be compared with 
the reference-oscillator frequency in a phase com
parator, which consists of a zero-crossing detector 
and a counter. 

\Vith an antenna spacing of many wavelengths, 
there are multiple angles in space that correspond 
to each angle of phase that is measured. 

These ambiguities can be resolved by making 
the angle measurements sequentially on two fre
quencies spaced about 100 Mc apart on the 1,090-
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Mc center frequency. The vehicle transmits half of 
the time for each measurement. There are some 
angle ambiguities remaining. These correspond to 
700-mile areas on earth and it is far easier to re
move them by computations than by using addi
tional frequencies. 

Communications 

A navigational satellite with two sets of inter
ferometers, such as the Westinghouse distance and 
direction system, may be oriented continuously by 
the reference stations. If a phased array-which 
could be steered electronically-were mounted on 
the satellite, it would be possible to direct the trans
mission from the satellite to a particular craft. With 
such a high-gain antenna on the satellite, the craft 
could get along with a simple six-decibel gain 
antenna. This is the opposite of the Syncom ap
proach, in which the high-gain antennas are on the 
ground. Use of a high-gain antenna permits the 
satellite to relay voice communications to ships or 
planes, or alternatively, to relay many teletype 
channels. 

\Vhen both the ground station and the satellite 
have high-gain antennas, switching can be accom
plished at the ground station without adding noise 
to the system. Ground switching simplifies the 
satellite further. 

The future 

The navigational-satellite program can use many 
of the technological advances of communication 
and meteorological-satellite programs. A conserva
tive estimate of the cost of the navigational pro
gram would place it at less than half the cost of 
either of these other programs. 

The question of who will pay for navigational 
satellites has not yet been resolved. Traditionally, 
communication systems are privately financed, 
while navigation and traffic controls have always 
been provided by governments . 

Even if a governmental body were to build and 
operate the satellites and control stations, it is 
expected that airline and shipping companies 
would buy or lease the electronic equipment for 
craft. 

It has been estimated that the operating and 
amortization costs for a navigational-satellite sys
tem would amount to a few cents per position fix. 

The program awaits recommendations from the 
Joint Navigation Satellite Committee, NASA and 
the Budget Bureau. It would be up to the President 
and Congress to earmark funds for the system. 
The views of the potential users would also affect 
the choice of a system. 

A logical initial step would be to conduct one or 
more navigational experiments in the current NASA 
program of Applications Technology Satellites. 
These experiments would test the accuracy of 
distance and direction measurements from a satel
lite. An experimental satellite might be launched 
soon after. Then all will be ready if it is decided 
to go ahead with the system. 
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• tor hBIPIDD In this QJillTI~®rnill~ 
OO®~~illITT~ill ~OOillW[ro 
JUST ANSWER THE FIVE QUESTIONS ON THE POSTAGE

PAID REPLY CARD AND WE'LL SEND YOU AN AUTHENTIC 

HAND-CUT QUILL PEN ... EXACTLY LIKE THE TYPE USED BY 

THE SIGNERS OF THE DECLARATION OF INDEPENDENCE. 

APECO is now making a survey of the uses and 

needs for copymakers in specific industries that are 

volume users of this equipment. These questions 

will provide information needed to help us improve 

upon future copymakers in order to better service 

your requirements. For your cooperation in helping 

us to secure this information, we will be happy 

to send you an authentic hand-cut quill pen that 

will serve as an interesting reminder of the 

technological advances man has made since the 

days when all documents were copied by hand. 

Thank you for your cooperation. 

- ~cep~r-~~~-tk~ ... 
APECO ' .. AMERICAN PHOTOCOPY EQUIPMENT COMPANY 

• 2100 West Dempster Street • Evanston, Ill. 
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EAGLE¥-1~TIMERS/COUITERS 

REPLACE THEM IN 
Cut down-time and increase production with 
Eagle Cycl-Flex time and count controls. You 
can remove them, check them and replace 
them in 5 seconds or less ... no tools needed! 

• Cycl-Flex plug-in timers can be con
trolled to within 0.53 of the dial range. 

•Front-panel mounting makes them 
easy to install and set. 

• Long cycling life- through extensive 
quality control and life testing 
programs. 

• A synchronous motor and toothed 
clutch, produced by a special Eagle 
process, assure totally accurate settings 
and performance. 

Add all these features together. Then add 
Eagle's special consultation, development and 
design services ... and custom production of all 
types of units. , 65·• 

cmn • uca 110.u 

NEW-Now standard on all Cycl-Flex timers, a built-in pilot 
light, to indicate, even from a distance, that the timer is 
operating. 
For full details on Cycl-Flex timers, write for Bulletin 125, 
Eagle Signal Division, E. W. Bliss Company, Federal Street, 
Davenport, Iowa. 

l;J!Ffll•IEAOLE SIONALI 
Compare. You'll choose Eagle. A 01v1s10N oF THE E. w . eL1ss coMPANv 

Electro·Mechanical, Electronic, Solid State Timing/Counting/Programming Controls o General Purpose, Medium Power Relays 
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COMPARE 
Better Life Characteristics 

COMPARE 
Higher Reliability 

COMPARE 
More Design Flexibility 

COMPARE 
Fewer Parts 

Eagle 25AA 
General Purpose 
Relay (Actual S12e) 

COMPARE 
Lower Pull -in Voltages 

New Eagle relays ... more than 3,000 types ... are 
the best you can get anywhere. Be crafty. Check 
the specs and the product. Convince yourself. 
One example: Gold-plated contacts are standard 
on every general purpose Eagle relay. And on me
dium power relays, silver cadmium oxide contacts 
are standard, since they deliver the best possible 
current-bearing characteristics in this power range. 
Check some more. Note the sturdy designs . .. the 
ratings that exceed all other competitively-priced 
units . . . the precise engineering and inventive use 
of materials. They're all what you'd expect from 
Eagle-leaders in time/ count control devices. 
If you've ever dealt with Eagle you'll expect more, 
and you'll get it. We're talking about unequalled 
service ... service that frankly has never before been 
available from any relay manufacturer. 
Compare. You'll choose Eagle. 

--(I --.... • 
Part of the "big" picture ... more than 3 ,000 types: plug· in 
with dust covers; dual latching; hermetically sealed; cus
tom-engineered styles. 
Get full details in our new, 16-page color catalog. Send for 
your free copy to Eagle Signal Division , E. W. Bliss Com
pany, Federal Street, Davenport , Iowa. 

l:J!FfJ l•I EAGLE SIGNAL I 
A DIVISION OF THE E W BLISS COMPANY 

Electro-Mechanical, Electronic, Solid State Timing/Counting/Programming Controls D General Purpose, Medium Power Relays 
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Simplify Digital Design 
Radiation Logic Modules are packaged for 

flexibility, reliability, high-density mounting 
There's no need for design compromise 
when you specify Radiation Logic 
Modules. They can be used in any con
figuration, type or number compatible 
with your digital system requirements. 
They can be mounted in vertical or 
horizontal drawers, in standard 19" 
racks, or on breadboards ... fixed or 
removable. 

Radiation Logic Modules are sup
plied from stock in standard as well as 
special-purpose types. Two sets of fully 
compatible resistor-transistor logic cir
cuitry are available. They cover bit 
rates up to 200 kc, and rates to 1 Mc. 
More than a dozen types include: 4-in
pu t NOR-Counter Shift Register
Power Inverter-Emitter Follower
CofI!plementary Driver-Differential
Filter (Decoupler). 

RELIABILITY Superior engineering 
and rigid component selection assure 
highest reliability: based on extensive 
tests, MTBF for low-speed NOR Mod
ules exceeds 2,940,000 hours! The units 
are also packaged for rugged use. Con
struction consists of welded circuitry 

92 Circle 92 on reader service card 

molded in epoxy and mounted with 
high-density module connectors on cast 
aluminum frames. The resulting posi
tive-contact units measure only 0.4" x 
l" x 1.1" with a 0.25" pin protrusion. 
ECONOMY Each module represents a 
fraction of the entire digital system. 
Each is designed for easy interrogation. 
Change or replacement is as simple as 
plugging in another unit. Thus, expen
sive downtime is reduced, costly bench
work completely eliminated. 

APPLICATIONS ASSISTANCE 
Radiation offers the services of its en
gineering staff in the application of 
digital logic modules, or in helping 
solve your unique data problems. Write 
or phone for technical data sheets. 
Radiation Incorporated, Products Divi
sion, Department EL-02, Melbourne, 
Florida. Telephone: (305) 723-1511. 

RADIATION 
INCORPORATED 

PRICE LIST-DIGITAL MODULES 

Model Description• Unit Price 

92600 NOR-L $4.50 
92601 NOR-M 5.00 
92602 Dual NOR-M 9.50 
92603 CSR-L** 5.00 
92604 CSR-M** 5.25 
92605 CSR-Ml 10.00 
92606 Comp. Driver-L 6.00 
92607 Power lnv.-L 5.00 
92608 Power lnv.-M 5.50 
92609 Diff.-L 

(MSMV (1/2) "A") 5.00 
92610 Ind. Driver-8 9.00 
92611 Filter Dec. 4.25 
•:' Two sets of fully compatible resistor-trans
sistor logic circuitry are available: L-low 
speed, for operation at bit rates up to 200 
kc; M-medium speed, for operation at bit 
rates to 1 Mc. 
•:":' Two modules are required per counter/ 
shift register stage. 
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Probing the News 
Companies 

The giant of Eindhoven 
Philips moves quietly but successfully to expand 

its electronics empire into 56 countries 

In 1895, Gerard Philips put his 
light-bulb factory up for sale. He 
asked 25,000 Dutch guilders for 
the former buckskin plant in Eind
hoven, the Netherlands, but the 
best offer was 24,000-about $9,600. 
Gerard turned it down. Instead, the 
engineer brought in his younger 
brother, Anton, a banker, to help 
reorganize th e four-year-old busi
ness. 

Today, Gerard's and Anton's 
descendants operate a corporate 
complex that controls about 200 
plants in 30 countries. Its sales, 
in some 56 nations, total nearly $2 
billion a year. Philips Gloeilampen
fabrieken , N.V., is the fourth-larg
est electronics company in the 
world, trailing only the General 
Electric Co., " ' es tin ghouse Elec
tric Corp. and Radio Corp. of 
America, in that order. 

The concern is still tightly con
trolled by the Philips family. Its 
president, Frits J. Philips, a 59-
ycar-old nephew of Gerard, is 
proud of the company's farflung 
organization and financial connec
tions. 

"Plants and machinery any man 
can buy," he declares. "but an or
ganization must be grown, like a 
tree." Frits J. Philips, president of Philips Gloeilampenfabrieken: "Plants and 

machinery any man can buy, but an organization must be grown like a tree." 

I. Complex and secret 

Philips' growth does resemble a 
tree's , with branches above -ground 
and roots deep below the surface. 
The company - declines to disclose 
details about its plants or its net
work of licensing agreements with 
electronics concerns around the 
world. 

Although secretive about some 
corporate affairs, Philips is willing 
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to expound at length about its im
mediate objectives. These goals in
clude: 

• Development of a commercial 
line of computers; 

• A shift in emphasis from con
sumer products to the industrial 
and military markets while expand
ing in household appliances and 
electronic gadgets; 

• Color television for Europe; 
and 

• Broadened markets in Africa, 
Asia and Latin America. 

11. Entering the computer market 

Philips entered the computer 
race only two years ago. Could 
Philips afford to spot its competi
tors a head start of 16 years or so? 
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Frits replies wryly: "The only thing 
we cannot afford is no/ to do it. " 

He knew he had at least 200 
aces in the hole-Philips' plants, 
whose automation needs alone 
could keep the computer operatio11 
busy for three or four years. 

While it's new in the computer 
business, Philips is a veteran de
signer of ferrite magnetic cores, 
the basic material for computers' 
internal memories. Th e company 
decided in the late 1940's that qual
ity mass-production was still out 
of reach, so Philips licensed other 
companies to produce the cores. 
Sometimes a licensee beat Philips 
to the market with fcrrites. 

Widening the field. True, Philips' 
licensing policy invited competi
tion. But A. E. Pannenberg, chief 
of the company's main laboratory 
at Eindhoven, explains : " \Ve li
cense to expand the fi eld. \Ve have 
such faith in our research , develop
ment and production teams that we 
feel we do better with this ap
proach than we would he playing 
it close to the chest." 

Philips is considered the world's 
larges t supplier of cores. Half of 
the core-producing companies op
era te under Philips' license. 

111. Tailored to industry 

Philips has always stressed con
sumer products. But as other in
du stries turned to electronics to 
automate their plants, and as mili-

tary equipment began to incor
porate more electronic equipment, 
Philips decided to direct its growth 
accordingly. 

Although sales have tripled since 
1955, Philips concedes that much 
of that sales leap was at tributed 
to new markets for consumer goods 
in Europe. But now the markets 
for many consumer items have 
leveled off and can ' t sustain the 
sa les gains of up to 12% that the 
company has been posting an
nually. 

Today, about 66% of Philips' 
sales come from consumer products, 
with military markets comprising 
about 5%. By 1980, the company 
hopes that two-thirds of its volume 
will be from the industrial and 
military markets. 

Eye on video. But Philips has no 
intention of letting its consumer 
sales recede very far. It plans to 
continue to push new electronic 
gadgets, keeping pace with the in
creasingly richer tastes of Euro
peans. Recently, for example, 
Philips introdu ced a video-tape re
corder and an elec tronic organ 
called the Philicordia. 

Tied in with this effort is Philips' 
campaign in color television. The 
Dutch company expects color tv 
sets to account for 25% of Europe's 
tv sales by 1970. To take advan
tage of this potential, Philips has 
launched experimental color tv 
broadcasting in an effort to sway 

Hendrick B.G. Casimir, director of research, coordinates Philips' worldwide 

research activities. Six percent of Philips sales is devoted to research. 
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the government-run European net
works to decide on a single trans
mission system-the United States' 
.:\'TSC . .\leanwhile, France is push
ing her Secam sys tem and \\ 'es t 
Germany the PAL sys tem. 

Nationalism. Military equipment 
brings Phil ips' sales force up 
against nationalism among its cus
tomers. But Philips' unique world
wide organization is apparently 
overcoming this obstacle. 

\\Then the U.S. Defense Depart
nwnt showed interest in Philips' 
fire-control equ ipment, the Dutch 
company lict:nsed the Ford Instru
ment Co., a divis ion of the Sperry 
Rand Corp., to build the items. 
In Grea t Britain a Philips sub
s idiary, \[ullard, Ltd., is supplying 
radar-display uni ts for the Royal 
~avy. Through its \Vest German 
unit, Philips has found a modes t 
market for _ hipborne fire-control 
gear. 

Philips expects its nationally 
oriented subsidiaries to open more 
doors for military contracts. 

IV. In search of new markets 

Philips' market is international: 
75% of its sales are in \Ves tern 
Europe; 15% more comes from the 
\Ves tern Hemisphere. In its drive 
for new markets , Philips is turn
ing more attention to Africa, the 
Orien t and Latin America. It has 
plans to spend $2.8 million on 
plants in South Africa. In the past 
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Willem A. De Jonge, Philips' top 
financial officer "We don 't leave 
(a market) until they kick us out." 

18 months Philips' 50-kilowatt 
transmitters have started broad
casting in Cambodia, Indonesia and 
Mozambique, and the last sections 
of a 7,000-megacycle microwave 
network are being installed in 
Sierra Leone and Ghana. 

These markets involve higher 
risks than in Europe, but Philips 
secs a large potential in these 
emerging countries. 

Philips is cautious with new 
products, but it's not easily dis
lodged from a precarious market. 
"\Ve don't leave until they kick 
us out," says Willem A. De Jonge, 
a top financial officer. In Brazil, a 
Philips subsidiary weathered the 
country's economic chaos by "in
flation-proofing"-cutting down on 
credit and keeping inventories high . 
.Now Philips plans to build a $10-
million glass plant in Brazil to sup
ply television tubes for its plants 
throughout South America. 

V. How did it happen? 

How did Philips become such a 
giant? \Vhy do electronics execu
tives lose sleep when they hear 
that Philips is planning to move 
in with a new product? 

Basically, the answers are rooted 
in the company's uniqu e organiza
tional structure and its enormous, 
free-wheeling research program. 

"I like to think of Philips as a 
world federation of companies co
ordinated by Eindhoven but not 

Printed-circuit production line at a Philips plant in the Netherlands. 
The company is the fourth largest electronics concern in the world. 
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dictated to," says Frits Philips 
who, with three vice presidents, 
comprise the company's inner 
circle. Because of the complex 
financial relations between Eind
hoven and the plants around the 
world, some members of the Philips 
industrial family have the power 
to thumb their noses at their 
Dutch bosses, although it's doubt
ful that they exercise this right 
very often. 

Twin leaders. Like Janus, each 
major part of the Philips network 
has two heads: a businessman and 
a scientist. The company's top ex
ecutives cite this arrangement as 
the key to Philips ' success . Their 
reasoning: each manager acts a 
check on the other. 

Because of the near-autonomous 
organization, subsidiaries in dif
ferent lands have the authority to 
adapt to their customers ' needs. 
The stronges t link between Eind
hoven and the subsidiaries is re
search. Of Philips' 246,000 employ
ees, 20,000 are working on research 
and development. About 6% of 
Philips' annual sales income is 
plowed back into research. At the 
main laboratory at Eindhoven, 
2,200 scientists are engaged in pure 
research, unfettered by rigid budg
ets; 300 members of this group 
have doctorates. Another 1,600 
scientis ts work in laboratories in 
\Ves t Germany, Britain and France. 

The director of Philips' research 
programs is Hendrik B.G. Casimir, 
a nuclear physicist who once 
worked with Niels Bohr. One of 
his responsibilities is to coordinate 
the research of the various sub
sidiaries. To keep all the research
ers abreast of Philips' develop
ments, confidential bulletins are 
issued to scientific personnel, out
lining progress on various projects 
and sharing new production tricks. 

Look to U.S.? Its continued ex
pansion leads some observers to 
ask: "Will Philips try to broaden 
its activities into the United 
States?" The U.S. now provides 
about 4% of Philips' volume. But 
indications are that Philips will 
focus its attention on new, under
developed countries. 

Frits Philips sums up the prag
matic approach this way: " \ i\le 
don' t fight our way into estab
lished markets." There are enough 
opportunities elsewhere. 
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Military electronics 

LBJ's budget: less money for arms 
Defense Department would continue its shift in stress 

to mobile conventional forces and penetration aids 

More money for space electronics, 
penetration aids and mobile con
ventional forces ; less for strategic 
weapon systems. These are the sig
nificant changes for the electronics 
industry in President Johnson's 
proposed budget for fiscal 1966. 

The total military budget would 
authorize $49 billion in spending. 
That's down about $300 million 
from the amount that's expected to 
be spent in the current fiscal year, 
which ends June 30, and down $2.2 
billion from outlays in fiscal 1964. 

Total spending authority-past, 
present and future-would climb 
to $51.7 billion from $50.9 billion 
this year. 

The total spending for space, 
both military and civilian, would 
be about the same as this year. The 

ational Aeronautics and Space 
Adminish·ation, which runs the ci
vilian space effort, would receive a 
record $5.l billion . Of this , $4.6 
million would be for research and 
development, up $200 million from 
this year but the narrowest increase 
since the space program started. 
NASA estimates that half of its 
R&D spending is for electronics. 

1. Improved missiles and bombers 

Missile and bomber forces will 
h e trimmed as older models arc re
tired, but their weapons systems 
will be improved. Outdated Atlas 
and Titan I missiles will be phased 
out, as will the 225 B-47 bombers. 
Two squadrons of early-model 
B-52s also will be scrapped. The 
Minuteman missile force will be 
limited to 1,000 instead of the 1,200 
that were planned earlier. 

Spending authority for strategic 
weapons would continue to drop 
under the new budget, to $4.5 bil
l ion next year from $5.3 billion in 
fiscal 1965. 

Johnson has rejected insistent Air 
Force pleas for a new bomber to 
replace the aging B-52. But his 
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budget does ask for $300 million to 
continue strengthening the remain
ing bombers structurally so they 
can be used well into the 1970's. 
Top civilian officials in the Penta
gon indicate doubt that a new 
bomber will be needed in view of 
continuing improvements in mis
siles. 

Studies to continue. As insur
ance, the budget does call for $70 
million for continuing definition 
studies for a new plane, for ad
vanced avionics and for starting 
the development of Sram-for 
short-range attack missile-an air
to-ground missile with a range of 
75 miles. If the Pentagon continues 
to veto a new sb·ategic bomber, 
these avionics and missile systems 
could be used on tactical bombers. 

Sram could become operational 
early in 1969 if development went 
full-speed ahead. However, defense 
officials haven't committed them
selves to it. The missile would be 
launched from planes flying at tree
top levels; it would go into a pro
gramed climb, then dive onto pre
selected targets. Its main mission 
would be to knock out antiaircraft 
defenses from beyond the range of 
their fire. 

The budget also provides for pro-

duction and deployment of the SR-
71 strike-reconnaissance plane, a 
modification of the supersonic A-11. 
Deliveries to the Strategic Air Com
mand will begin in fiscal 1966. The 
Pentagon hasn't disclosed how 
many of these planes will be built. 

Report back. In the missile field, 
improvements in penetration and 
guidance will continue. A new pro
gram will also develop methods by 
which missiles can report their ar
rival on target, up to and including 
the time of explosion. 

Spending also will begin for de
veloping the recently announced 
Poseidon missile, formerly the Po
laris B-3. The Poseidon will have 
double the accuracy and payload of 
the Polaris A-3, which carries a 
one-megaton nuclear bomb, and ap
proximately the same 2,800-mile 
range. The Poseidon will use micrn
circuitry throughout. Development 
will cost $800 million and produc
tion an additional $1 billion. 

11. Air and missile defense 

Total obligation authority for 
continental air and missile forces 
will remain at this year's level, $1.8 
billion. Because the Pentagon con
siders the Soviet bomber threat to 
be diminishing, it will continue to 

Supersonic F-111, formerly the TFX, is being developed by the General 
Dynamics Corp. Funds for the first large·scale procurement of the 
variable·sweep·wing craft are included in proposed defense budget. 
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reduce air-defense interceptor 
forces, missiles, radars and control 
centers. The Air Force's proposal 
for production and deployment of 
the YF-12A as an interceptor plane 
is being rejected, although funds 
arc budgeted for continued study 
and tests. This plane, another mem
ber of the A-11 family , is already 
flying. 

Defense Secretary Robert S. Mc-
1\ amara, with the President's back
ing, also rejected a recommendation 
from the Joint Chiefs of Staff for 
funds in fi scal 1966 for production 
of the Nike-X antimissile system. 
The cos t of this system, plus a pro
gram of fallout shelters , has been 
es timated at a minimum of $20 bil
lion. McNamara is putting off the 
decision for another year, but is 
budgeting $400 million for contin
ued development of the Nike-X 
and $100 million for what is de
scribed only as "other develop
ments associated with the pro
gram." 

With China in mind. The Pen ta
gon is also considering a less-com
plicated system that could defend 
against any crude missile offensive 
the Chinese Communists might 
mount. It would complement the 
present system, which is designed 
for use against the more sophisti
cated Soviet missile force. 

The budget also asks funds for 
over-the-horizon radar to detect 
enemy ballistic missiles when they 
are launched; for continued opera
tion and improvement of the anti
satellite system, and for an im
proved sys tem for early warnings 
against missiles , including what is 
described only as "an austere sea
launched missile-detection system." 

111. General-purpose forces 

Obligational authority for gen
eral-purpose forces would rise to 
$19.1 billion from $18.1 billion this 
year, with emphasis on improving 
quality and mobility. 

The Army would begin buying 
the Chapparal-a ground-to-air 
version of the Sidewinder air-to-air 
missile-for forward-area air de
fense. Procurement of the Redeve 
man-held air-defense missile wou.ld 
rise from the current token level. 

In communications, the Army 
will continue to buy modern f-m 
communications sets, to be carried 
in vehicles and on soldiers' backs 
and will begin to buy single-side~ 
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ANGLE Pos1T10 
- - N _INDFCA T C R 

J. l ::i ~ o ... 
DEG - MIN 

ON OF"F • 

ANGLE PoS 
- ITION INDICATOR 

--, .:I u 2 9::.... 
llHl15 - - - - --

DEG '1IN -

how to measure resolver 
or synchro position 

with 30 second repeatability 
In both production test and ground checkout systems, North Atlantic's high per
!ormance Angle Position Indicators provide exceptional operator ease and precision 
in the ~easurement of synchro and resolver position. Features include digital 
readout in degrees and minutes, 30 second resolution, continuous rotation plug-in 
solid-stat~ amplifier and power supply modules. Due to the design flexibility of 
these units, they can be readily provided with a variety of features for specific 
requirements. Typical units in this line incorporate combinations of the following 
features: 

•Single Synchro or Resolver Input 

• Dual Synchro or Resolver Inputs 

• Retransmit Synchro, Resolver, 
Potentiometer, or Encoder 

• 2-Speed Synchro Input 
• Multi-frequency Inputs 
•DC Input 
• 0-999 Counter 

BASIC SPECIFICATIONS 

..... .. ..... ...... .. ... ..... ..... ......... ....... .. 0°·360° continuous rotation 
Accuracy .. .. .. . .. . ... .. ..... ... ...... ....... .. ....... .. .. 6 minutes (standard) 
Repeatability .. . ...... .. .. .. .. .... ..... ..... ..... ... ... ..... ...... ..... . ... ... ... 30 seconds 
Slew Speed ... ... . . ..... ..... ... .. ... ..... ... ...... .... ..... .... .... .. ........ .... 25°/second 
Power .. ..... .......... .............. .. ... ... ... .. ... .. ....... .......... 115 volts, 400 cps 
Size . ..APl-8025 .. ..... ...... .. ... .. .. .. ......... .... .... ... .. 1%"h x 91/2"w x 9"d 

APl·8027 .... ...... ... ... .. .... 31/2"h x 4K/'w x 93/4"d 

Your local North Atlantic representative has complete data on the API 
line. Call him today or write direct for technical literature. 

NORTH ATLANTIC industries, inc. 

TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK• OVerbrook 1-8600 
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How to form it by 

BENDING ••• 
Free Manual 
shows 
techniques ~ 
of forming ~ 

::~:.::~~:·· ~ 
tubing ••• channel ••• ~ 
angle ••• flat ~· .. 
and other 
materials. 

Di-Aero 
Hy dra 
Po wer 
Bender 

It's easy to bend a wide variety of 
material when you know how
profitable too because bending can 
simplify product design-make one 
curved piece do the job of two or 
more. Bending can improve product 
appearance and lower your produc
tion costs! 

This 32-page illustrated manual 
shows how to make center eye and 
off center bends, circles, zero radius 
bends, scrolls, squares, springs and 
coils, loops and spirals-all with one 
versatile machine. Booklet also tells 
how to tool for tubular, channel, an
gles and other special bending needs. 

ORDER YOUR FREE COPY TODAY. 
SEE YOUR NEAREST DIACRO DISTRIBUTOR 

OR WRITE US. 

Cli·OP~!s~N 
METALWORKING 

EQUIPMENT 

Dl-ACRO CORPORATION 
432 Eighth Avenue, lake City, Minnesota 
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Manned orbiting laboratory for the mtlitary is included in the defense 
budget, but Defense Secretary McNamara is insisting on fu rther studies . 

band radio equipment that offers 
greater frequency and range. 

The Army's 15,000-man experi
mental air-assault division-one 
that relies almost totally on helicop
ters for logistics and mobility-will 
be disbanded. The Defense Depart
ment is likely to let the Army in
corporate some air-assault units
possibly of brigade size-into exist
ing airborne divisions rather than 
establishing a permanent special
ized division. 

Fighter planes. Spending on tac
tical aircraft for the Air Force and 
Navy would rise. Funds would be 
provided for the first large-scale 
procurement of the Air Force's 
F-lllA fighter-bomber and the 
Navy's A-7 attack aircraft, plus im
provements in the F-4 fighter used 
by the Navy and Air Force. The 
advanced Navy F-4 will incorpo
rate a new radar system, the A vVG-
10, being built by the Westinghouse 
Electric Corp. The Air Force hasn't 
yet decided whether to use this sys
tem or develop a new one of its 
own. The Navy F-4 is a fighter
bomber; the Air Force version is 
an interceptor. 

vVork will continue on the Mark 
II, an advanced integrated elec
tronics package that eventually will 
be incorporated into the F-111. The 
Air Force is now selecting con
tractors-probably three-from 10 
competitors for studies prior to 
project definition. 

Navy's plans. The Navy plans to 
start procurement of 641 aircraft 
and 64 ships for its general-purpose 
force. Some of the ships may be 
con?ersions of vessels currently in 

the Beet. Included will be P-3A 
long-range patrol aircraft, 20 anti
submarine ships, four nuclear-at
tack submarines, 15 fast new as
sault ships, three guided-missile 
frigates and four new minesweep
ers. 

One aircraft carrier of the :\1 id
way class will be altered to accom
modate new, heavier planes. The 
budget makes no provision for a 
new nuclear aircraft carrier, but 
McNamara has indicated he will 
approve one in fiscal 1967. 

Better missiles. The Navy's fam
ily of ship-launched ground-to-air 
missiles would be improved with 
pilot production of a missile that 
eventually would replace the Talos, 
Tartar and Terrier. vVork will con
tinue on a system to replace the 
Typhon, a longer-range air-defense 
missile plagued by weight prob
lems. And development of the tele
vision-guided vValleye bomb would 
begin. 

General support. Total obliga
tional authority for general support 
would drop slightly to $14.3 billion 
from $14.6 billion this year under 
the Johnson proposals. This in
cludes funds for intelligence, de
partment-wide communications and 
command and control. The new 
budget emphasizes two automated 
worldwide communication net
works-Autovon and Autodin
which will become the backbone of 
the national military communica
tions system. 

Total obligational authority for 
airlift-sealift forces would rise to 
$1.6 billion from $1.5 billion. The 
budget provides for continued pro-
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CONSIDER 
CO LO RADO ... where greater productivity characterizes labor ... And 

higher education and self-improvement contribute to your business profit. 

Electronics I February 8, 1965 

Consider Colorado's labor force. Other companies have. Mariy with multi
state facilities have found Colorado labor to be the most productive. It is 
750,000 strong by Census definition. Stable and conscientious-documented by 
the fact that Colorado unemployment and compensation rates are among the 
nation's lowest. When it comes to education and self-improvement, in the 25 
and older age group, the average employee has better than a high school 
education. And each year 80,000 workers study under adult education programs 
offered by 70 public and private schools throughout the State. 

If a self-improved, well-educated, highly productive labor force is a con
sideration in your business, consider Industrial Colorado for your expansion or 
plant relocation. Complete information is available from Dwight E. Neill, 
Director, Division of Commerce and Development, 16 State Services Building, 
Denver, Colorado, 80203. 

INDUSTRIAL COLORADO 
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finance ability 
(to meet your needs) 

In WESTern PENNsylvania you can obtain 1003 
financing of industrial plant space at average inter
est rates as low as 3% 3. This can result in savings 
of as much as $84,632 on a 62,000-square·foot 
industrial plant. In addition , financing of machinery 
and equipment and loans for working capital are 
readily available. This complete financing ability 
... plus a favorable tax climate ... plus pre -

• 

production training of a work for.ce, 
usually at no cost to you ... give 
WESTern PENNsylvania a top com
bination of plant-location values. 

WEST PENN POWER 
an operating unit of ALLEGHENY POWER SYSTEM 

Area Development Department, Room 568 
WEST PENN POWER-Greensburg, Pa. 15602 
Phone: 412-837-3000 

In strict confidence, I'd like details about WESTern PENN
sylvania's: O Financing Plans O Pre· Production Training 
O Favorable Tax Climate O Industrial Properties 

Name, ____________ _ 

Title. ____________ _ 

Company ___________ _ 

Address. ___________ _ 

City. ________ State. ___ _ 

Code ______ Phone _____ _ 
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curement of the C-141 transport 
plane and the beginning of devel
opment of the C-5A, which is to 
have the largest cargo capacity of 
any plane ever built. 

The Navy would have a go-ahead 
to build four fast-deployment cargo 
ships with gas-turbine engines. In 
addition, 14 more Victory ships 
would be modified to serve as float
ing depots for storing military 
equipment near potential trouble 
spots. 

IV. Space: Starting to peak out 

Spending on military and civilian 
space programs would be $6.9 bil
lion, up some $233 million from es
timated expenditures for the cur
rent year. 

Officials predict fiscal 1967 
spending may rise a bit further. 
The big upward surges in space 
money seem to be finished. how
ever. Next year's spending increase 
will be the narrowest since the big 
space programs started. In the cur
rent fiscal year, total spending on 
space is expected to rise about $700 
million from fiscal 1964. 

Most space officials and key leg
islators believe total space expendi
tures will remain at $6.5 billion to 
$7 billion for several years. The 
huge sums for the basic family of 
space boosters in the Saturn series. 
the Titan III-C and the Gemini and 
Apollo spacecraft programs will he 
channeled into new projects when 
these programs are completed be
tween now and 1969. 

Moon mission. For the next cou
ple of years , the manned lunar
landing program will dominate 
NASA's spending. It takes nearly 
two-thirds of the 1966 budget. 

ASA's new budget generally 
provides only enough money to 
keep already-started programs 
afloat. The major exceptions are the 
beginning of the Voyager program, 
which is designed to land an un
manned capsule on Mars in 1971. 
The project is estimated to cost 
$1.2 billion; toward this, $43 million 
is included in the new budget. In 
addition, $25.6 million is included 
to develop an advanced orbiting 
solar observatory that will be de
signed to make detailed sh1dies of 
the sun. 

Development curtailed. Lack of 
funds, however, forced the space 
agency to drop development of the 
huge 1.5-million-pound-thrust M-1 

engine after spending close to $100 
million on the liquid-fuel project. 
The contractor for the project was 
the Aerojet-General Corp .. a snh
sidiary of the General Tire & Rnh
ber Co. Also canceled was the 
large solid-fuel, 260-inch-cliamctcr 
booster. About $15 million wa~ di
vided this year between Aeroj(' t
General and the Thiokol Chemical 
Corp. for this program. 

NASA also has stopped spcncline; 
on the Snap-8 program to develop 
nuc1ear power for satellites. Acro
jet-General had the contract for 
this program also, with $17 millirm 
provided in the current budget. The 
Atomic Energy Commission. which 
had funded tl1e Snap-8 jointly with 
NASA, will continue to finance 
some work on the program. 

The new Electronics Research 
Center in Boston would get SlO 
million in facilities in fiscal 1966 
when NASA acquires a site. In
cluded is a space-guidance labora
tory, an optical communications 
laboratory and a microwave radia
tion laboratory. Funds for ad
vanced research and technologv 
snpport would more than cloubl~ 
this year's total to $7.6 million. 

NASA will round out its decp
space tracking network and Apollo 
ground-support stations in the new 
year. Funds to complete deep-space 
tracking stations in Canberra, Aus
tralia and Madrid, Spain , are in
cluded in the President's budget. 
Somp $5.7 million would go to 
build support facilities for an S
hanel system and facilities for the 
Apollo ground-station network on 
Antigua Island. A $7.6-million 
Apollo ground station would also 
be built in the Canary Islands. 

Secret work. Military space 
spending, forecast at $1.6 billion, is 
cloaked in secrecy. Most of the 
money would go for continued de
velopment of the Titan III-C 
booster, designated as the launch 
vehicle for a manned orbiting lab
oratory for the military. The status 
of the MOL program, however, is 
still indefinite. About $150 million 
has been included in the military 
budget for the program. But ~1c
Namara is insisting on further stud
ies to convince him of the militarv 
need for the program. These stucl
ies are expected to start soon. 
NASA, which also wants a mann ed 
orbiting station, is spending clos<' 
to $50 million to find out how the 
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capabilities of its Apollo spacecraft 
can be extended. Both agencies 
promise to coordinate on the pro
grams. 

The fleet of intelligence-gather
ing satellites and the Navy's navi
gational-satellite network would 
continue to get substantial funds. 
Details of the programs are with
held, however. During fiscal 1966, 
the military hopes to be well along 
on development of its own satellite
communication system, but it won't 
tell how much money is earmarked 
for the project. 

Gain for Tiros. The Weather Bu
reau, whose budget would jump to 
$30 million from $10 million this 
year, will start its Tiros operational 
satellite system. 

The Atomic Energy Commission 
has requested $154.6 million to per
fect nuclear propulsion and power 
systems in space under Projects 
Rover and Snap, down from $162.9 
million in the current budget. 

Space research funded by the 
National Science Foundation would 
continue at slightly over $3 million. 

V. Supersonic transport 

To money is specifically re
quested in the new budget for the 
supersonic transport. However, the 
President notes that intensive sh1d
ies are being conducted on eco
nomic feasibility, cost design and 
noise abatement, and he promises 
to decide as soon as possible "what 
our next steps should be." Mean
while, part of the $400 million he 
seeks for his contingency fund 
could go for further development 
of the supersonic plane. 

The F ederal Aviation Agency is 
seeking $51 million for facilities 
and equipment, $1 million more 
than this year. More than two
thirds of this would be used to con
tinue the program to increase auto
mation of the en-route air-traffic 
control system. 

The budget includes $40 million 
for research and development, the 
same as this year. One-half would 
be devoted to development of auto
matic data-acquisition and process
ing equipment for modernization of 
the air-traffic control system. In ad
dition, $9 million would be in
cluded for projects related to air
navigation facilities, with major 
emphasis on the development of 
improved instniment-landing sys
tems. 
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If you missed thi 
feature story in 
Electronic ews ... 

New RFl/EMC Unit Designed to Meet 
20cps to 50kc Range Scanning Needs 

B1 GEORGI: DEUBJ:R 

WE'LL SEND YOU A FREE 

CATALOG THAT TELLS ALL 

Fairchild's lnterfer· 
ence Analyzer Model 
EMC-10 is the only 
RFl/EMC measuring 
instrument that can 
be electronically 
scanned over its fre· 

•• 

quency range. As a result, it can be 
remotely tuned, either manually, or by 
electronic sweep, over the complete 
20 cps to 50 KC spectrum. 

With its X·Y outputs, plus numerous 
other new features, it meets all new 
demands for automated testing. 

Because it is a modern solid-state unit, 
operated from either its self.contained, 
rechargeable battery supply, or exter· 
nal AC or DC, it provides minimum 
internal noise and maximum sensitiv· 
ity-approximately 3 nanovolts in its 
5-cycle bandwidth position. Thus it 

meets the require· 
ment, also, of the 
most stringent RFI/ 
EMC sensitivity 
specifications. 

With 170 DB dy· 
namic range, includ· 

ing 40 DB on the meter, and excellent 
amplitude and frequency accuracies, 
many of the old low-frequency testing 
problems are gone. Especially impor· 
tant to the operator is the complete 
elimination of tedious calibration pro· 
cedures. 

Electronic News gave you the high· 
lights; now get the details, or a demon· 
stration of Model EMC· 10 and its 
complete set of accessories. Contact 
your local Fairchild/Electro-Metrics 
representative or ••• 

l=.AI RCH IL.CJ 

ELECTRO-METRICS 
C::: c:> ~ F==» c:> ~ ..,.A..,- I c:> ,......,. 
• SUISIDIUY or FAUICHllD CUUIU AND INSTllUMUT COllPOllATION 

88 CHURCH ST., AMSTERDAM, NEW YORK 12011 
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actualites 
VERITABLE ALTER 

NEWI 
BOBI 12-Hermetically sealed 12 mm. 

wire wound variable resistor. 

•This small size potentiometer has been especially developped for printed circuit applications •Total protec
tion against moisture or solvents - Use of Bobi 12 makes wave soldering easier - saves time and money• High 
reliability - Bobi 12 meets trench (Nata) military specifications C.C.T.U. 05 02 •The highest standard of quality, 
the lowest possible price for quality, mass production, MCB quality. 

• Circuits imprimes : de fortes economies. 
Rigoureusement etanche a l'humidite, inoxydable, le Bobi 
12 se fixe sur les cartes des circuits 1mprimes par simple 
soudage a la vague. Aucune repnse manuelle. Economie 
en temps et en main-d 'reuvre. 

• Performances : une tri!s grande fiabilite. 
Le Bobi 12 satisfait aux prescriptions de la specification 
CCTU 0502, 

Circle 102 on reader service card 

Les qualites du Bobi 12 le placent en tete de la produc
tion mondiale de ce type de potentiometre. 

• Grande serie : des prix tri!s bas. Une grande 
unite de fabrication recemment lancee, un automatisme 
pousse. la qualite M.C.B. : trois elements qui permettent 
de proposer un prix Ires bas pour un materiel de haute 
performance. VERITABL.E AL.TER 

11, RUE P.-LHOMME 
COURBEVOIE 
SEINE - FRANCE 
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New Products 

Tiny reed switch is mercury-wetted 
Characteristics of device remain constant throughout 

a life expectancy of 100 million operations 

A breakthrough in reed switch de
sign is claimed for the MRC-1, a 
magnetically actuated miniature 
reed switch with mercury-wetted 
contacts. The device combines the 
high speed advantages of a reed 
switch with the low contact re
sistance and high power capabili
ties of a mercury switch. It is ideal 
for dry circuit or no-contact-bounce 
applications, as well as for switch
ing power circuits. Unlike many 
conventional dry reed switches, 
the manufacturer says, the MRC-1 
offers the circuit designer the ulti-

A 8 c 

mate in reliability because the 
switch characteristics remain con
stant throughout its long life. 

Contact arrangement is single 
pole, normally open-form A. Said 
to be many times smaller than any 
other mercury-wetted reed switch 
available, the over-all length, in
cluding the leads, is 15/s in. , with 
glass length of only 1 Ir in. and a 
maximum glass diameter of 0.130 in. 

Since the contact material is mer
cury to mercury, as shown in the 
accompanying sketch, there is no 
contact bounce, making it ideal for 

D E 
Mercury, shown in heavy black, covers armature and contact surfaces (A). As 
armature moves to open position, mercury retains circuit momentarily (8 & C). 
Ruptured mercury surfaces accelerate away from each other, providing rapid 
breaking action (D). As armature moves to remake circuit, mercury dampens 
rebound, eliminates electrical chatter and provides circuit reliability with uniform 
contact resistance {E). 

FAST RISE PULSE GENERATOR 

SQUARE WAVE GENERATOR 

0 

MERCURY WETTED 

0 

DRY REED 
0.3 M SEC TYPICAL 

MERCURY WETTED 

ORY REED 

0.3 M SEC TYPICAL 

Two different circuits and the output voltage wave patterns of the mercury-wetted 
contacts versus those of ordinary dry reed contacts. There is no contact bounce 
with mercury wetted contacts. 
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This reed switch is claimed to be the 
smallest mercury-wetted type available. 

applications such as high-speed 
counting systems where contact 
bounce could give erroneous im
pulses. Actuation time averages 
merely one millisecond, depending 
on drive, which allows it to follow 
impulses up to 180 cps. 

The minimum breakdown volt
age is 500 v d-c, contact rating at 
28 v is 75 w d-c resistive, and avail
able actuation ranges from 30 to 
90 amp-turns for pull-in. Life ex
pectancy for the MRC-1 is 100 mil
lion operations at full rating and 
almost infinite at dry circuit loads. 
The contact resistance remains 
constant at 50 milliohms through
out the 100 million operations at 
full load. 

A minimum of 10 seconds should 
be allowed to drain excess mercury 
from the contact area after cor
rectly positioning the switch, which 
can be operated as much as 30° 
from vertical due to surface tension 
in the narrow capsule. 

Switches are priced as low as $1 
each in large quantities (50,000). 
Hamlin, Inc .. Lake & Grove Streets, Lake 
Mills, Wisc. 53551. 
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How to 
Calibrate 

Gauss meters 
• • • or the 

next best thing 
to having NBS 
as a neighbor. 

It's simple. Own one or more RFL per
manent reference magnets. These mag
nets, available in field strengths from 5 
to 20,000 gausses and having gaps from 
. o40" to .343", are unchanging standards 
for calibrating whatever type of gauss
mcter you may now be using whose probe 
will enter the gap. Especially important 
for Hall eff en probes whose response is 
subject to change with age. 

Pole faces are accurately machined of 
special alloys for uniform flux distribu
tion. Coaxial design eliminates stray fields 
and protects against strong external fields. 
Each magnet is stabilized thermally and 
magnetically; mutual inductors and search 
coils having NBS certificates are used in 
final calibration. 

We also have an accurate AC reference 
magnet (1000 gausses peak-to-peak) for 
calibrating Hall effect gaussmeters used 
for measuring pulsed magnetic fields. 

Some customers buy every size we make ..• 
but we're glad to sell them one at a time too. 
Prices start at $40.; may we send you descriptive 
information and a price folder? Write or call 
Radio Frequency Laboratories, Inc. 

104 

Boonton, 
New Jersey 
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New Components and Hardware 

Thermal converter works outside of lab 

The TC-101 series thermal con
verter is available in a 4-lead 
JEDEC T0-5 transistor can to re
place vacuum thermoelements used 
in transfer standards and audio 
substitution measuring instru
ments. The thermal converter is 
completely solid state and operates 
over a temperahrre range from 
-65°C to +85°C providing for the 
first time, according to the manu
facturer, a thermal converter for 
use outside of laboratory environ
ments. The specially designed 
heater has a temperature coefficient 
of resistance less than 300 ppm 
thereby providing an extended 
square law response. The TC-101 
series is available with the heater 
isolated from semiconductor ther
mocouple. This configuration per
mits the use of the thermal con
verter at d-c as well as at a-c for 
transfer standards and rms meas-

Microminiature 

ceramic capacitors 

The ATClOO series of microminia
hrre, precision, high-Q ceramic ca
pacitors is announced. They are 
available in standard values up to 
500 pf in a case size of 0.1 in. by 
0.1 in. by 0.075 in., and values from 
500 to 1,000 pf are available in the 
same 0.1 in. square case size on 
special order. They feature a mini
mum Q of 5,000 and a working 
voltage to 500 v d-c (no derating 
-55°C to +125°C). Leads are 
available in all configurations, both 
in solderable and solderable-weld
able ribbon and wire alloys, or 

urements. The heater currents of 
these devices are rated from 1 ma 
to 20 ma to provide an open circuit 
output of 15 mv. Response time is 
less than 5 sec and output imped
ance is approximately 1 ohm. Sen
sitivity of the device is typically 1.0 
rnv/mw. This new concept in ther
mal converters is said to extend to 
portable instrumentation the con
venience and accuracy of transfer 
standards that previously were not 
available. Price is $65 each. 
MSI Electronics Inc., 116-06 Myrtle 
Ave., Richmond Hill, N.Y., 11418. [351] 

without leads for direct soldering . 
The ATC lOO's minimal size, versa
tility, and high Q lends itself to 
vhf-uhf applications, cordwood 
packaging pellet circuitry, and in
tegrated circuits. Price is depend
ent upon capacitance, tolerance, 
and quantity. 
American Technical Ceramics, 241 E. 
127th St., New York, N.Y., 10035. [352] 

Magnetic latch relay 

in T0-5 type case 

Series 421 relay is a spdt, bistable 
design with a contact rating of 
1,000,000 operations at 0.5 amp 
and 10,000,000 at low level. The 
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NEW! TRYGON Modular DC 
Supplies 

SERIES l, 2 & 4 
(71 °C ambient) 

Plug them in anywhere ... then forget them ! 
Whether you need Trygon modules for your own use or to 
incorporate into systems you are producing, you can rely on 
Trygon dependability. You merely select the proper Trygon 
module, mount it-horizontally or vertically-and forget it! 

Here's why: High -efficiency circuits result in less internal 
heat build -up and longer life. Series 1, 2 and 4 feature all 
silicon semiconductors, designed to operate in ambients up 
to 71°C WITHOUT ANY DERATING! All series have generous 
built-in heat sinks-no additional heat sinking or forced air 
cooling is required. Current-limited short circuit protection 
automatically resets when the fault is removed-so again, 
you don 't have to worry about where you place a Trygon 
module in a system. 

Remote sensing and programming provisions are also built· 
in . And premium components plus derated circuits yield 
MTBF figures in excess of 30,000 hours. All components 
are readily accessible. For additional flexibility, input/output 
connections are available with either terminal strips, solder 
lugs or octal sockets. 

Overvoltage protection is available on all units as an optional 
extra. Series 1 is provided with Fixed Overvoltage Protection 
(FOV) while all other modules (Series 2, 4 and 8) are avail 
able with Trygon 's standard Automatic Overvoltage Protec
tion (OV). 

See the chart for standard models, then contact your Trygon 
rep. Or, write for complete catalog to Dept. E-24. 

ELECTRICAL SPECIFICATIONS 
Model 

Reg: Reg: Ripple Recovery Ambient 
Load line mvRMS Time Oper. Temp. 

Series 
1, 2 &4 0.02% 0.01% -2o•c to +11•c 

Series 
Less than 0.5 Less than 50µ sec 

8 0.01% 0.01% - 2o•c to + 5o•c 

MODELS 
OUTPUT 

Series Model Volts Amps 

PS20-400 0-20 0·0.4 

PS32-250 0-32 0·0.25 

PSS0-150 0-50 0-0.15 

PS3-l.5F 2. 5·3.5 0-1.5 

PS6-1 F 4-8 O·l 

i• PS12-900F 10-14 0-0.9 

PS15-800F 13-17 0·0.8 

PS18-800F 16-20 0·0.8 

PS24-700F 22-26 0-0.7 

PS28-600F 26-30 0·0.6 

PS48-400F 46-50 0-0.4 

PSl0-2 0-10 0·2 

PS20-l.5 
2 

0-20 0-1.5 

PS32-l.25 0-32 0-1.25 

PS50-750 0-50 0·0.75 

PSl0-4 0-10 0-4 

PS20-3 0-20 0-3 
4 

PS32-2.5 0-32 0-2.5 

PS50-l.5 0-50 0-1.5 

PHR20·5 0-20 0·5 

PHR20-10 0-20 0-10 

8 
PHR40-2.5 0-40 0·2.5 

PHR40-5 0-40 0-5 

PHR60-2.5 0-60 0-2.5 

PHR60-5 0-60 0-5 

#; Lower current models also available, at lower prices 

tWrite for discount prices on larger quantities 

PRICEt 

1-14 

$140 

140 

155 

130 

120 

115 

120 

120 

120 

120 

130 

160 

160 

165 

180 

195 

195 

200 

215 

250 

325 

250 

295 

325 

395 

A. For Automatic Overvoltage Protection (OV) add $90 per unit. 

8. For Automatic Overvoltage Protection (OV) add $95 per unit. 

Overvoltage 
Protection 

c 
~ 
u .. 
0 
~..; 
~ ·c 

"°" ~t 
0 a. 
~.,, ...... 
~ .... ..,.., .,.., 
>< .. 
;o:s;-
~o o.._ ... _ 

< .. 
0 z 

m .. 
0 z 

u .. 
0 z 

Complete line of module rack adapters available for assembly of complex power •upply 
systems to meet your specific needs. 

C. For Automatic Overvoltage Protection (OV) add $95 per unit, except for Model PHR60·5, 
$125. 

TRYGON 
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ELECTRONICS INC. 
111 Pleasant Avenue 

(516) FReeport 8-2800 
Roosevelt, LI., N.Y. 

TWX (516) 868-7508 T 
Circle 105 on reader service card 105 



~-~ .. 

Accurate Data Sampling and 
Conversion at 50 KC plus 

Model 846 A-D Converters, in straight binary or BCD code, 

include an integral sample and hold circuit with 100 nano

second aperture and automatic zero stabilization. Accuracy at 

50 kc is 0.025% full scale . . . sample and hold included! 

Offered in a wide choice of input specifications, logic levels 

and output codes, plus D-A conversion option. 

Model 844/845 Multiplexers feature 0.01% linearity with low 

dynamic crossfeed, fast settling time and variable sample 

duration. Choose from addressable, sequential, direct channel 

select, or combined addressable/ sequential-all accommodate 

input levels to -+-10 volts. Basic capacities of 10 and 16 chan

nels can be expanded tenfold with plug-in PC cards. 

Ask a TI Application Engineer for further information on 

digital data handling equipment for your specific needs; one 

model must meet your requirements! 

INDUSTRIAL 
PRODUCTS 
GROUP 

TEXAS INSTRUMENTS 
INCORPORATED 
P.O. BOX 66027 HOUSTON, TEXAS 77006 

7 RUE VERSONNEX GENEVA, SWITZERL.ANC> IHZ: 
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New Components 

compact and rugged device can 
withstand 150 g shock and oper
ates in an ambient temperature 
range from -65°C to +125°C. 
Power required to trip is 100 mw 
maximum and the trip time is 1.5 
millisec. The 421 is hermetically 
sealed and all welded in a T0-5 
case and meets applicable require
ments of MIL-R-5757D. 
Teledyne Precision, Inc., 3155 W. El 
Segundo Blvd., Hawthorne, Calif. [353] 

Glass dielectric 

piston capacitor 

A glass dielectric, piston trimmer 
capacitor has been developed that 
measures 1/4 in. diameter by ~ } in. 
behind panel length. Capacitance 
ranges from 1.0 pf to 15.0 pf. Tem
perature coefficient is 0 ± 50 ppm/ 
0 C. Dielectric strength is 1,000 v 
d-c at 50% relative ·humidity and 
maximum rated capacitance. 'Vork
ing voltage is 500 v d-c and oper
ating temperature is -55°C to 
+ 125°C. Insulation resistance of 
the capacitor is 106 megohms at 
50% relative humidity. Q at 1 Mc 
is 750 minimum. Solid metal elec
tro bands permit soldering and un
soldering without capacitor dam
age. Design simplicity insures re
liable Q. 
Elcom Department. Roanwell Corp. , 180 
Varick St., New York, N.Y., 10014 [354] 

High frequency 

low-pass filters 

Subminiature, high frequency low
pass filters that feature ultra high 
attenuation effectively reduce and/ 
or eliminate r-f radiation and feed
back in low power circuits. Series 
MF-220 space-saving filters are 
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typically used with cable connec
tors for conducting heater currents 
and d-c operating voltages to vac
uum tubes. Minimum attenuation , 
measured according to MIL-STD-
220A is 75 db from 100 to 2,000 
Mc, over the temperature range of 
-55°C to +125°C, with voltage 
and current biases up to 50 v and 
25 amps, respectively. The filters 
greatly attenuate the reverse pas
sage of high frequency energy to 
the outside, while allowing the 
passage of direct and low fre
quency alternating currents into 
circuit compartments. Series MF-
220 filters measure 0.25 in. diam
eter by 0.41 in. long, for bolt 
mounting. Length of terminal is 
0.81 in. 
Gulton Industries, Inc. , 212 Durham 
Ave., Metuchen, N.J. [355] 

Terminal block 
for p-c mounting 

A new 40-contact terminal block, 
model TB-840DS, has been de
s igncd for wave soldering to large 
p-e boards . Designed for the \1in
utcman miss ile program, it is ex
pected to Rnd use in power supply 
hook-up in computers, and other 
data acquisition and transmission 
equipment. The TB-840DS has 40 
ta pped hole con tacts which accept 
;\o. 4-40 screws. The contact is 
terminated in a 0.031 in. diameter 
by 0.150 in. lon g pin, suitable for 
insertion into a p-c board. \fount
ing is accomplished through three 
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more general-purpose features, 
higher performance and quality 
with Tl's 6613 pulse generator 
The Model 6613 General Purpose 
Pulse Generator fills the need for 
a low-cost, high-quality test instru
ment with exceptional performance 
specifications. It is a general pur
pose instrument ideal for most pulse 
applications such as testing inte
grated circuits, digital circuit de
sign, system design and checkout, 
testing of diodes and transistors. 

The 6613 provides coincident posi
tive and negative pulses determined 
by an internal clock generator or 
external source, with rep rate vari
able in 6 steps. Pulse width and 
delay are also variable in 6 steps. 
Amplitude is variable from near 
zero to 10 volts, with overload pro
tection provided. Solid-state cir
cuitry is utilized throughout. The 
compact unit measures 81/2 in. 
high, 8Y2 in. wide, 12 in. deep 
and weighs only 10 lb. 

SPECIFICATIONS 

Clock Pulse Repetition Frequency 
15 cps to 150 cps 15 to 150 kc 
150 to 1500 cps 150 kc to 1.5 me 
1500 cps to 15 kc 1.5 me to 15 me 

Delay 
30 to 300 nano

secs 
300 nanosecs to 

3 microsecs 
3 to 30 microsecs 

Width 
30 to 300 nano-

30 to 300 
microsecs 

300 microsecs 
to 3 millisecs 

3 to 30 millisecs 

30 to 300 micro-
secs secs 

300 nanosecs 300 microsecs 
to 3 microsecs to 3 millisecs 

3 to 30 microsecs 3 to 30 millisecs 

Pulse Amplitude-JO v into 50 ohms 

Rise and Fall Times-variable: less 
than I 0 nanosecs to l microsec, 
1 microsec to 100 microsecs, 100 
microsecs to 10 millisecs, minimum 
rise time typically 8 nanosecs 

INDUSTRIAL 
PRODUCTS 
GROUP 

TEXAS INSTRUMENTS 
INCORPORATED 

P . 0 . BOX 66027 HOUSTON, TEXAS 77006 
7 RUE VERSONNEX GENEVA , SWITZERLAND 

712 
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THERM EX 

SINGLE AND THREE PHASE 
Hermetically Sealed • Epoxy Molded 

POWER TRANSFORMER 

Thermex transformers have been engineered to meet all 
the rigid environmental requirements of Mll-T-278 Grade 5. 
These transformers have identifications and circuit diagrams 
printed on the face of the unit in accordance with Mil 
Specifications. The following sizes as shown in the tables 
can be fabricated from available stock molds. 

MOLDED - SINGLE PHASE-TYPE Ml 
DIMENSIONS (Approx. In.) VA RATING (CPS) Approx. 

A B c D E 
50/60 380/420 380/420 SERIES Wgt. 

NOM. DESIGN *OPT. lb. 

1.50 1.62 2.12 1.00 1.06 6/ 32 x % 8 40 56 100 .6 
2.00 2.25 2.87 1.50 1.75 8 /32 x % 26 120 165 200 1.5 
2.87 3.00 3.37 2.00 2.37 10/ 32 x 1/2 55 200 275 300 3.3 
3.19 3.50 4 .12 2.19 2 .50 10/ 32 x 1/2 110 400 500 400 5.7 

THERMEX POWER - THREE PHASE - TYPE M2 
3.63 2.50 2.63 2.00 2.00 .171 Hole 75 375 560 100 2.8 
3.63 3 .00 2.63 2.00 2.50 .171 Hole 110 550 800 150 3.2 
4 .50 2.75 4.16 3.50 2.25 .171 Hole 200 820 1130 200 5.9 
4 .50 3.38 4 .1 6 3.50 2.88 .171 Hole 300 1200 1800 250 7.3 
6.1 9 3.38 4.88 5.00 2 .38 .187 Hole 450 1900 2700 300 11.5 
6.19 4 .38 4 .88 5.00 3 .63 .187 Hole 650 2800 4200 350 15.0 

VA Ratings ore based upon nominal 't'o/toges and two winding design. VA Ratings will 

decrease with additional windings, high secondary voltages, and high insulation voltages. 

INDUSTRIAL TRANSFORMER C 0 RP. 
GOULDSBORO, PENNSYLVANIA • Tel. : (717) Victor 2-2111 • New York (212) WAiker 5-9860 
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NYLAFIL ® molded coil bobbins stay in shape! 
Amerline Corporation, Chicago, pro
duces a complete range of stock and 
custom injection molded coil bobbins 
for motors, relays, solenoids, transform
ers, etc. They say, "Our reasons for 
selecting Fiberfil's NYLAFIL (fiberglass 
reinforced nyloh) in these applications 
are: 
1. Better dimensional stability and better 

moisture characteristics than the unre
inforced material. 

FIBERFIL 

Circle 108 on reader service card 

2. Better rigidity which prevents the bob· 
bin from distorting during and after the 
coil winding operation. 

3. Increased resistance to heat, especially 
for soldering." 

When you want high physicals not avail· 
able in an unreinforced thermoplastic, 
specify Fiberfil FRTP ••• "reinforced in· 
surance for all injection molding!" Write 
for technical data. 

F I B E R F I Lr I N C. 
EVANSVILLE 17, JNDIANA 

New Components 

No. 4-40 tapped stainless steel in
serts molded into the terminal block 
body. The body of the terminal 
block is molded of glass-filled green 
diallyl phthalatc. The molded-in 
contacts are gold-plated brass. Pin 
terminals are at right-angle to the 
tapped contacts for space-saving 
laydown wiring. The body of the 
terminal block measures 6.975 in. 
long by 0.625 in. high by 0.875 in. 
deep, with pin termin als extending 
0.150 in. from the height dimen
sion. Model TB-840DS is priced at 
$8.50 each in production quanti
ties. 
Methode Electronics, Inc., 7447 West 
Wilson Ave., Chicago, Ill., 60631. [356] 

Mounting pad 

for transistors 

Model 10168-N Transipad has been 
designed for inexpensive installa
tion of a variety of components in 
p-c boards. Requiring 0.200 in. di
ameter of board space, it accepts 
transistors having four leads on a 
0.100 in. diameter circle, such as 
the T0-52. It can also be used ef
fectively with three-lead transistors 
such as the T0-18. Only 0.030 in. 
max in thickness, the new Transi
pad nevertheless elevates compo
nents sufficiently so Hux can be 
thoroughly washed off circuit 
boards after soldering. Molded 
from nylon, the 10168-N meets 
MIL-P-20693 specifications. Stand
ard stock color is natural. 
Milton Ross Co., Southampton, Pa. 
[357] 

Metal film resistor 

saves mounting space 

A molded, precision metal film re
sistor, type PE-1/s , is now avail-
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able tor use in microminiature as
semblies. Its performance levels 
surpass the requirements of MIL
R-10509E, all applicable character
istics. Power rating is 1/s w at 
loocc and -r\r w at 125cc. Voltage 
rating is 100 v while resistance 
range coverage is 25 ohms to 110,-
000 ohms. Dimensions are 0.140 by 
0.070 by 0.218 in. high, and the two 
leads projecting from one end are 
0.016 in. diameter tinned copper, 
or gold plated Dumet, in either case 
1/2 in. long, and can be trimmed to 
suit the application. Standard toler
ance is ± 1 % , but tolerances lower 
and higher are available upon re
quest. The PE-1/s features low 
noise construction, low voltage co
efficients, and a choice of tempera
ture coefficients of ±25 ppm/ cc , 
±50 ppm/cc, ± 100 ppm/cc, and 
± 150 ppm/ cc. They are also avail
able as matched pairs with track
ing feahues . Prices range from 
$2.12 to 75 cents depending on tol
erance, temperature coefficient, and 
quantity. 
American Components, Inc., 8th Ave. & 
Harry St., Conshohocken, Pa. [358] 

Damped isolators 
handle varied loads 

Compact shock and vibration isola
tors , series T22 through T94, arc 
designed for protecting equipmen t 
in aircraft, ground vehicles, or on 
shipboard. Equal protection is as
sured in every attih1de since verti
cal to horizontal stiffness and 
damping ratios are equal. Excellent 
isolation is obtained even under 
sustained g-loads or regardless of 
load direction. Resonant trans
rn issibil ity is limited to less than 
3.0. The Hi-Damp elastomer used 
in the series provides equal per
formance in ambient temperature 
ranges from -67cF to +300cF 
and is not affected by fuels, fungus, 
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priced under s1.soea. 
in lots of 300 

SUBSTANTIAL SAVINGS 
Replaces more expensive multi-turn semi-precision wirewound 
potentiometers. 

For fine tuning commercial and industrial uses which are difficult 
or impossible to adjust with a conventional single turn control. 

ELECTRICAL SPECIFICATIONS 
Resistance Range: 1 through 25,000 ohms. 
Voltage Rating Bushing to Terminals: High pot test , 1,000 VAC. 
Operating Max. 500VDC. 
Power Rating: 5 watts @ 25°C, 4 watts @ 55°C, derated to no 
load @ 105°C. 
Tapers Available: Standard-linear. Special-non-linear, such as 
15% modified log. 

Request Catalog 2150 for complete technical data. · 
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Need a slippery electrical 
grade polyester film 1 
ask about "SCOTCHPAR" 

When you want an electrical grade film with a smooth, 
slippery surface- call for "SCOTCH PAR" polyesterfilm. 
But, you may not be a "slippery" customer. In that case 
let us know your special requirements. We can customize 
this film in other ways - thick or thin ... clear or opaque 
•.. releasable or bondable. Our laboratories are famous 
for their capacity to modify a product for a specific func
tion. Contact: 3M Co., Film & Allied Products Division, 
2501 Hudson Rd., St. Paul, Minnesota, Dept. ICL-25. 

SCDtchp ar® electrical f!'.rade 
polyester film 

B R A N O 

''$COTC~f'4Jl" 1$ A llCC:. T.M. or :)r.I CO'. 
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New Components 

sand, dust pe troleum products, 
high humidity, and ozone. Inter
locking metal parts provide fail 
safe construction. Four standard 
sizes, each with several load 
ranges, arc available to accommo
date loads from 1.0 to 150.0 lb per 
isolator. Units meet :\1IL-S-901C, 
Navy high-i mpact shock tes tin g, 
and Signal Corps bounce test re
quirements. 
Barry Controls. 700 Pleasant St., Water
town, Mass. 02172 [359] 

Encapsulated motor 
for continuous duty 
This miniature encapsulated motor 
is designed to meet stringent en
vironmental conditions. Power 
source is 115 v a-c, 420 cps, single 
phase with a 0.12 µ. f (600 wvdc) 
capacitor. Output is 0.625 oz. in. 
minimum at 9,400 rpm at a power 
input of 17 w. Designed for con
tinuous duty, the unit is ideal for 
high humidity, salt-air atmos
pheres, liquid splashing and ap
plications requiring high reliability 
under adverse conditions. Varia
tions in output speed , torque, input 
voltage, and frequency are possi
ble. Hysteres is synchronous and 
induction vers ions are available. 
Globe Industries, Inc., 1784 Stanley 
Ave., Dayton, Ohio, 45404. [360] 

Multifilament lamp 
can spell out words 

The tiny "O" -Lite is a circular, 
multifilament, incandescent lamp 
made in sizes as small as f'u in . o-d 
with a -lrr in. minimum diameter 
center opening. Meeting require
ments for vibration and shock re-
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sistance in space and missile ap
plications and operating on current 
from 1 to 6 v, it provides a high in
tensity ring of light. Life expect
ancy of the lamp ranges from 10 
to 10,000 hours depending upon 
voltages used. Application sugges
tions include probes and readout 
devices. Since other applications 
necessarily require other shapes, an 
arrav of filaments can be consoli
dat~d into a single incandescent 
lamp of any shape whether it is 
square, elliptical or polygonal. The 
lamp can be built into a cable, be 
fastened directly to a module with 
a plug-in socket or become an in
tegral part of any piece of equip
ment. Filaments can be spaced, as 
vvcll, on centers as close as 0.015 
in. by 0.030 in. forming a dense 
matrix within a single lamp. An 
array of filaments can be arranged 
within a single lamp to spell out 
words with letters only 1/s in. high, 
or the lamp may be shaped to trace 
out directions. 
Pinlite Division, Kay Electric Co., Fair· 
field, N.J ., 07007. [361] 

High-Q inductors 
cover low frequencies 

High-Q, temperature-stable induc
tors have been announced for use 
at frequencies below 1 kc. These 
units cover the range from 2 to 300 
henries and are designed for geo
physical, sonar and other low-fre
quency circuits. They feature a 
high degree of inductive stability 
and a minimum Q of 8.0 at 60 cps. 
They may also be used as the in
ductive component in filter circuits 
at frequencies as low as 20 cps 
when coupled with capacitors in 
the order of 0.2 µ,f. Identified as 
series IL~I, their size is 11/s in. by 
l ,';, in. by 7/s in. high. 
Arnold Magnetics Corp., 6050 West Jef
ferson Blvd., Los Angeles, Calif. (362) 

Electronics I February 8, 1965 

Need a non-slip electrical 
grade polyester film 1 
ask about "SCOTCHPAR'' 

When you want an electrical grade film with a non-slip, 
friction surface - let us know. Perhaps a modified 
version of "SCOTCHPAR" can solve your problem. Or, 
do you have some other special requirement? Want a 
film that's thick? Thin? Clear? Opaque? Whatever your 
need present it to our laboratories for consideration. 
They've already made hundreds of variations to basic 
polyester. Whether you demand basic or customized 
"SCOTCHPAR", we'll be happy to serve you. Contact 
3M Co. , Film & Allied Products Division, 2501 Hudson 
Rd., St. Paul, Minnesota, Dept. ICL-25. 

SCDtchp ar® electrical ~rade 
polyester film 

BRANO 

.. ICOlCHl'4" ' " IS A lllCG, l . N , 0,. )M CO, 
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l}uick 
Reaction 

Capability 
that 

Counts 

Forward-Backward 
Counter Module with Display 

HERE'S WHY: 
These l·mc Forward-Backward 
Decade Counters may be applied 
quickly and easily to systems and 
products requiring reliable high· 
speed bi-directional counting. 

JANUS Model Bl00·80 Series 
Forward-Backward Counters Provide: 

SPEED: Accept pulses to 1-mc in 
either direction. 

QUICK REVERSING TIME: Less than 
two microseconds. 

RELIABILITY: All transistorized, sili· 
con circuitry throughout. 

LOW COST: * $115.00 (or Jess) for 
units with display. $46.50 (or less) 
for units without display. Less costly 
than making them yourself. 

FAST DELIVERY: From stock. 

Available (with or without display) 
individually or in quantity for use in 
high speed counter applications 
where quality, low-cost and reliability 
are important. 

Write for Technical Literature. 

The Next Time You Need Counters 
Count on JANUS 

•Price (FOB Newton, Mass.) 
even lower in large quantity. 

lflll 11 EI 
JANUS CONTROL CORPORATION 
HUNT ST., NEWTON, MASS. TEL. 926-1037 
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X-ray camera uses ultrahigh-pressure 

An ultrahigh-pressure, x-ray dif
fraction camera has been developed 
for studying crystal structures of 
materials. The unit will expose a 
sample to pressure up to 1,500,000 
psi while it is being "photo
graphed". The XKB-100 camera 
contains a pair of gem-quality dia
monds that have been ground opti
cally flat along a particular crys
tallographic plane for maximum 
strength. A small powdered sample 
of the material under study is 
placed between the diamonds, 
which are then squeezed together 

Range switches adjust 
multiple programer 

A new multiple programer, model 
10001, has been developed. Each 
of its eight channels adjusts from 
1 millisec to 100 sec by use of range 
switches. The unit offers a serial 
type programing with each channel 
starting its timing after the pre
ceding channel is gated on. Tim
ing control is achieved with 10-turn 
precision potentiometers which 

by relatively low pressure gas, pro
viding a concentrated pressure of 
up to 100 kilobars (100,000 atmos
pheres) on the sample. X-rays are 
directed through the diamonds to 
produce a diffraction pattern pho
tograph on the integral 35 mm x
ray camera. Spacing between the 
sample and the curved cassette is 
57.3 mm to insure easy measure
ment of diffraction angles. Temper
atures of up to 200°C may also be 
generated in the camera. 

MRC Mfg. Corp., Orangeburg, N.Y., 
10962. [381] 

give a resolution to 0.001 % of max
imum time range. The programer 
features ±2% maximum repeat
ability, and each channel has a pair 
of 5-amp scr's capable of switching 
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either the positive or ground side 
of the 28 v d-c. Operating voltage 
is 28 v d-c. 
EPC Division of Artisan Electronics 
Corp., 171 Ridgedale Ave., Morristown, 
N.J . [382] 

Instrument tests 
delay lines 

The Uni-Pulse is designed to test 
any delay line having a length of 
1 µ.sec to 18,000 µ.sec. It features an 
internal trigger generator with a 
short-term stability of better than 
1 part per million. A pulsed r-f out
put is provided covering the fre
quency range of 8.5 to 130 Mc. In 
addition, video pulses and square 
waves are available. All of these 
outputs are normally triggered by 
the above-mentioned trigger gener
ator. Either the r-f or video pulse 
widths cover the range of 0.2 µ.sec 
to 50% of the duty cycle. The 
pulsed r-f output has a rise-time of 
40 nsec and means are provided to 
degrade this rise-time for special 
applications. An external trigger 
may also be employed when 
needed. 
WMA andersen Co., Inc., Pleasant Val· 
ley, Conn. [383] 

X-Y recorders feature 

direct-drive tape 

Two new low-cost X-Y recorders 
have been introduced. The Vari
plotter 1120 is an 81h in. by 11 in. 
recorder, and the Variplotter 1130 
is an 11 in. by 17 in. unit. The re
corders feature a direct-drive tape 
that is used in the instruments' 
linear ball-bearing drive systems. 
This 1/s-in. stainless steel tape pre
vents backlash and replaces the 
complex pulley and string system 
found in other recorders. Both re
corders are designed for use in a 
wide variety of electronic and an-
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This is PEMCO'S 17-pound Portable 
It stands apart from the crowd of "portable" instrumentation 
recorders that weigh anywhere from 65 to 200 distressingly 
unportable pounds. It logs data from QC to 100 KC with lab
oratory precision':' on only 20 to 45 watts (d-c or a-c). And it 
offers such large-instrumentation-recorder features as: 

• Tape widths of 114", 112", or l" 

• Standard speeds from 1% 6 to 60 ips 

• Record times from 3¥.1 minutes to 31/2 hours 

• All-solid-state, plug-in Direct or FM electronics 

• Up to 14 channels (l.R.l.G. compatible) 

• Performs in any position to altitudes of 70,000 feet 

It could be just what the doctor ordered. If the prescription 

fills your need, ask about the PEMCO Model llO General· 
Purpose Data Recorder. You'll receive our 12-page product bro
chure forthwith. 

*FOR EXAMPLE 

• FM center carrier drift within 0.1 % over a full reel of tape 

• Signal·to·noise ratio of 40 db FM, 35 db Direct at 30 ips 

PACIFIC 
ELECTRO 
MAGNETICS 

942 Commercial Street, Palo Alto, Calif. 94303 / (415) 321-1177 / Cable: PEMCO 

Circle 113 on reader service card iq 



JUST SAY WHEN 
You want insulating tubings for reg

ular production when you want them-not weeks later! 
That's why we stock miles and miles of the dependable 
FLEXITE Extruded Tubings at our factory and at 
other points across the country-for immediate delivery! 

QualifY 
Approved 

FLIXITE HT-105C EXTRUDED VINYL TUBING 
This strong, flexible vinyl tubing has 
excellent dielectric strength , heat stabil
ity, and oil and fungus resistance. It is 
U / L-approved up to 105°C and qualified 
to MIL-l-631C, Grade C. specifications. 

FLEXITE E EXTRUDED VINYL TUBING 
Highly flexible tubing for use at tem
peratures down to -55°C, as in aero
nautical applications. Performs to 
MIL-1-22076 and MIL-l-7444B specs. 
Both of the above tubings are available 
in sizes from #24 to 11h ", in clear and 
in standard colors-on spools or in coils. 

Send for samples, 
data and prices of 

these FLEXITE 
Vinyl Tubings 

A letterhead re
quest will brinr the 
complete Markel 
Sample File of in· 
~ulatinr tubings & 
sleevings. 

SOURCE for 
EXCELLENCE 
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NO 'PIPE DREAM' 
ACTON DELIVERS ON 

PERFORMANCE PROMISES 

PRECISION PHASE/VOLTMETER 360-A 
Accurate to ±1° absolute, 0 °-360° • Full·scale 
90° meter readings for each quadrant • Voltage 
accuracy ±2% for signals containing up to 30% 
harmonic distortion; full scales from O.OOlv to 
300v • Measures total, in-phase, fundamental, 
quadrature voltage components • lOx over-ranging 
capability • Operates at up to four frequencies, 
200cps to 20kc • SOLID STATE THROUGHOUT. 

PRECISION PHASE METER 329-B 
Accurate to ±1° min., ±0.5° with low signal-to· 
reference ratios • Useful range from lOcps to 
500kc • Meter sensitivity and resolution, 0.2°, 
0° -360° • Expanded scales for accurate reading 
and visual ease • lmv to 150v input sensitivity 
• Plug-in construction for extended operation, 
including phase shifter, high-gain preamp, buffer 
amp • SOLID STATE THROUGHOUT. 

COMPLETE SPECIFICATIONS ON REQUEST 

'''T'®'''® Laboratories, Inc. 

533 Main Street • Acton, Massachusetts 
A Subsidiary of Bowmar Instrument Corporation 

Digital Phase Meters, Precision Oscillators, Scientific Instrumen
tation, Phase/Voltmeters, Primary and Secondary Phase 
Standards, Transmission Delay Measurement Sets, Impedance 
Meters, Special Test Equipment, Amplifiers, Spectrum Analyzers, 
Resolver Phase Shifters. 
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alytical applications, and both can 
be used without extensive inter
mediate equipment. The two re
corders combine static accuracy of 
± 0.1 % with a dynamic accuracy 
of ±0.2% and repeatability of 
± 0.05%. They incorporate 18 cali
brated d-c ranges from 1 mv per 
inch to 20 v per inch ; and feah1re 
continuously variable scale factor 
and a built-in time base with six 
calibrated ranges. Other features 
include: porous vacuum system to 
hold any size or shape of paper; 
plug-in, collapsible ink cartridge; 
all solid-state circuitry; zcner diode 
reference supplies; one full board
length of zero suppression; and 
high input impedance. The model 
1120 is priced at $1,450, and the 
1130 costs $1,790. 
Electronic Associates, Inc., West Long 
Branch, N.J . [384] 

Analog memory serves 
as envelope detector 

This dual purpose instrument pro
vides either a long-term memory 
of transient signal voltages or an 
envelope-detected output of signals 
in the audio and sub-audio range. 
Transient signal peaks of either 
polarity are sensed, stored, and pre
sented as a panel meter reading. 
A 0 to 10 v ± 2% output signal for 
external recorders, etc., is provided. 
Output is directly proportional to 
the larges t prior a-c signal at input, 
subject to 2% maximum drift in 
10 minutes. When operating as an 
envelope detector, various decay 
rates are selected with a panel con
trol. Model 511 has low-frequency 
cutoff at 4 cps, with high-frequency 
cutoff limited by the 100-µsec max
imum full scale charging time. A 
panel alarm light provides indica
tion when the signal exceeds pre
set level. D-c response and more 
rapid charging time are available 
in other models. Analog memories 
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( THREE OF A KIND? ) 

V.O.M.-5 

1-

V.O.M.-6 

V.O.M.-7 

1-

YES-and NO! 
All three of these 5-inch, strip-chart recbrders are built to the 

same outstanding design-each one records volts, ohms, milliamps directly. 
But each of these Bausch & Lomb V.O.M. Recorders works in a different range. 

V.O.M.-5 V.O.M.-6 V.O.M.-7 
Voltage range: 10 mv-500 v 2.5 mv-125 v 0.5 mv-10 v 

Current range : 10 mµa-100 ma 2.5 mµa-25 ma 1 m14a-10 ma 

Resistance range: 1-100,000 ohms 0.25 ohms-25,000 ohms 1 ohm-100 K ohms 

Prices: (suggested retai ll $595 COMPLETE $700 COMPLETE $885 COMPLETE 

And, at no added cost, B&L V.O.M. Recorders give you 5 built-in chart speeds, built-in 
event marker, built-in take-up reel, and a number of other features. 

For further information just circle our ad number below on the magazines reply 
card and mail it, or write Bausch & Lomb Incorporated, 61414 Bausch Street, 
Rochester, New York 14602. 

BAUSCH & LOMB 9 
1964 MAS.TER DESIGN AWARD WINNER-Microscopes for Science Teaching and Flexlscope 
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To order reprints 

from Electronics 

fill m, cut out 

coupon below, 

insert in envelope 
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Electronics Reprint 

Dept. 

330 West 42nd Street 
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New Instruments 

are used in instrumentation of 
shock and vibration tests, and in 
procp,ss instrumentation. 
lthaco Inc., 413 Taughannock Blvd., 
Ithaca, N.Y. [385] 

Chopperless, 300-kc 
d-c amplifier 

New in concept, the model 6761 is 
a gain 1000, 300-kc, chopperless 
d-c amplifier offering an order of 
magnitude increase in bandwidth 
while retaining all the quality and 
precision of instrumentation am
plifiers. Variable gain is provided 
in nine steps (0.1, 0.3, 1, 3, 10, 30, 
300, and 1000), and drift of ±2 1;.v 
referred to the input or ± 1 mv re
ferred to the output, whichever is 
greater, at a constant temperature 
is achieved. Noise is 15 p.v rms or 

less in the full 300 kc bandwidth 
measured at gain 1000. Input im
pedance is 150 megohms or greater 
on gains above 3, and 100 kc on 
lower gain steps. Overload recov
ery to 0.01 % of final value achievcd 
in 200 µ.s ec is an outstanding per
formance feature, according to the 
manufacturer. High current output 
( ± 10 v at 100 ma) is coupled with 
low output impedance (1 ohm or 
less d-c to 1 kc, 20 ohms or less d-c 
to 150 kc). Each amplifier module 
has an integral power supply, re
quires 105-130 v a-c, 60 cps 8 v 
amps, and is fully isolated. Size is 
21/s in. wide, 5114 in. high , 131h in. 
deep. Price is $685 each. 
Dynamics Instrumentation Co., 583 
Monterey Pass Road, Monterey Park, 
Calif. [386] 

D-c voltmeter 
covers wide range 

A new, low-priced d-c voltmeter 
features wide range, overlapping 
scales and internal calibration 
source. :\[odel lll5 Polyvolter has 
been designed for laboratory work 
and industrial plant trouble-shoot
ing. Because the instrument meas
ures d-c voltage over broad ranges 
and has a fast meter response and 
good stability, it also has applica
tion for almost all d-c measure
ments in circuit development. The 
Polyvolter is said to be very suit
able for transducer voltage read
out, such as thermocouples or 
strain gages. It measures very low 
and very high voltage, covering a 
range from 250 µ.v to 1,000 v full 
scale in a total of 21 scales. The 
overlapping scales feature makes it 
unnecessary to take a measurement 
on the lower third of the scale, thus 
permitting a more exact reading. A 
full scale accuracy of ± 1 % is 
maintained on all scales above 2.5 
mv and ±2% below that level. 
This accuracy and freedom from 
zero or calibration drift is attained 
by the use of a precision d-c ampli
fier of the chopper type and a 
regulated voltage source. Further 
accuracy of readings is assured by 
the use of a taut-band meter move
ment which eliminates such serious 
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problems as hanging and hyste
resis. Another feature is the in
ternal calibration source. By apply
ing the internal voltage of 2.0 mv 
± 0.5%, a single recalibration of 
one scale of the instrument by the 
external knob corrects all remain
ing scales. The 1115 sells for $250. 
Emcee Electronics, 1202 Arnold Ave. , 
Greater Wilmington Airport, New Castle, 
Del. [387] 

All-transistor 

radar range calibrator 

This radar range calibrator pro
vides a single pulse of variable 
width and amplitude from 0.1 mile 
to 1,000 nautical miles range. 
Model lOOON may be internally or 
externally triggered and is com
pletely transistorized for reliable, 
long life operation. Decade pulse
frequency dividers in conjunction 
with diode coincidence circuits 
provide pulse selection with a high 
degree of accuracy and stability. 
Ideally suited for use as a calibra
tion standard for radar systems, 
the compact unit is capable of ac
curacies of ± 0.005 mile, or 0.01 % 
of the measured range. This instru
ment is also available calibrated in 
statute miles or yards range. 
Orbitran Co., Inc., 11487 Woodside 
Ave., Lakeside, Calif., 92040. [388] 
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now in wider 
resistance range 

Type MOL metal oxide film resistors now cover more resistance 
values than ever before, at both the high and low ends of the list. 

In the 2-watt size, for instance, you can get resistances from 30 
to 500,000 ohms. More values are now available also in the 3, 4, 
5 and 7 watt ratings. 

This broadened range has been made possible by continuing 
Mallory developments in applying and controlling the metal oxide 
film. At the same time, the MOL line's exceptional properties of 
stability, humidity resistance, low noise and flame resistance have 
not only been retained but improved. 

For complete data and a quotation, write to Mallory Controls 
Company, Frankfort, Ind.-a division of P.R. Mallory & Co. Inc. 

MALLORY 
Circle 117 on ·reader service cara 117 



TYPE 301 
FUNCTION 

GENERATOR 

• 0.001 cps to 1 me 
• SOLID-STATE 
• SQUARE-TRIANGLE-SINE 

• 10 nsec RISETIME 

• lOv P-P into 52 ohms 

• SIMULTANEOUS OUTPUTS 
• TRIGGERED and GATED MODES 

• $550.00 F.0 .B. FACTORY 

SIMULTANEOUS OUTPUTS 

EXTERNAll Y TRIGGERED 

EXTERN All Y GATED 

For comprehensive data sheets on 

the 301 and other EXACT FUNCTION 

GENERATORS,write, phone i>rTWX: 

EXACT ELECTRONICS INC. 
Dept. E. 2 
455 5.E. 2nd AVENUE 
HILLSBORO. OREGON 97123 
Phone 1503) 648-6661 
rwx, 503-821-6927 
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Voltage-variable capacitance diodes 

A series of voltage-variable capaci
tance diodes, called Epicaps, is 
now in production. The initial se
ries consists of three devices with 
nominal capacitance values of 6.8, 
22 and 33 pf at a reverse voltage 
of 4 v and a frequency of 1 Mc. 
Designed for electronic tuning and 
harmonic generation applications, 
the units are manufactured by the 
epitaxial process to provide high 
reverse breakdown voltage, high 
Q, and low leakage current. The 
6.8 pf unit (type MV1864A) is 
housed in a pill-type package while 
the other devices (MV1872 and 
MV1876) are in glass packages 
(D0-7). Additional capacitance val
ues, including 15, 27 and 47 pf de-

Microelectronic 
analog switches 

Two microcircuit analog switches 
(PC-401 and PC-402), character
ized by exceptionally low satura
tion voltages, have been developed 
for use in the new microelectronic 
generation of digital-to-analog con
verters. They are believed to be the 
first such devices of their kind to 
be produced in microelectronic 
form. The PC-401 is a single input 
switch; the PC-402 a double, or 
complementary, input switch. Both· 
units are identical in size (only 
0.375 in. square and 0.085 in. thick) 
and come in wafer-style flat pack
age. This packaging makes for 
added space-saving since the 
switches can be stacked in series, 
for use in conjunction with ei ther 
serial or parallel resistor networks 
to simulate a digitally actuated po
tentiometer. The microcircuits, pro
duced by the customized multi
chip process, provide off set volt
ages consistent with the perform
ance of epitaxial planar transistors; 
they may be used with a variety of 
loads over an ambient temperature 
range of -55°C to +125°C. Turn
on delay time is typically 0 nsec, 

vices, are now being stocked and 
any other design-center capacitance 
value between 6.8 and 47 pf can be 
made on special order. 
Motorola Semiconductor Products Inc., 
P.O. Box 955, Phoenix, Ariz., 85001. 
[371] 

and maximum 50 nsec; rise time, 
typically 50 nsec; turn-off delay 
time, typically 100 nsec; offset volt
age, worst case output and load 
resistance voltage, typically 20 mv; 
overshoot voltage, typically 2.5 
volts peak; input turn-on voltage, 
typically 3 v peak; repetition rate 
minimum 200 kc. 
General Instrument Corp., 600 West 
John St., Hicksville, LI., N.Y. [372] 

Thin-film substrate 
integrated circuits 

A new integrated circuit product 
line has been developed. F eaturing 
custom circuit configurations com
prising active and passive ele
ments, all semiconductor segments 
are manufactured by a high relia
bility Minuteman process. The 
new series-called Mesa-Logic-is 
available in a variety of form fac
tors including T0-5, T0-18 and 
standard flat package. Thin-film 
substrate techniques utilized in 
the Mesa-Logic construction are 
characterized by ultrastable, high 
quality, vacuum-deposited ni
chrome resistive elements and gold 
interconnect elements; on high
grade alumina substrates. The man-
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ufacturer claims that parametric 
stability over an operating range of 
1 w per square inch-up to 500 Mc 
switching rate-is made possible 
by a stable-surface passivation 
technique. Units currently available 
provide interface logic functions to 
both RTL and DTL computing op
erations. Straight diode arrays and 
other custom configurations are 
available, as well as standard cir
cuits. Prices in quantity start at 
$6.50 each. 
MicroSemiconductor Corp., 11250 Playa 
Court, Culver City, Calif. (373] 

High-frequency 
silicon transistors 

Planar npn transistors, designated 
2N2217-2N2222, are available in 
the Leaf-Let (little epitaxial tran
sistor) configuration. These high
frequency, low-power units are ex
cellent for high-speed switching 
and amplifier applications. Use of 
the Leaf-Let configuration is said 
to result in lower saturation volt
age, higher gain because of larger 
emitter area, improved beta linear
ity because of larger emitter pe
riphery and greater reliability be
cause of larger bonding area when 
compared to other related planar 
configurations. Features include: 
low collector saturation voltage, 
V CE!sl = 0.25 v typical at l e = 150 
ma; high current gain, hFE = 100 
to 300 at le= 150 ma, VcE = 10 v 
(2N2219, 2N2222) ; gain bandwidth 
product, ft = 400 Mc typical at le 
=20 ma, VcE = 20 v, f = 100 Mc; 
collector-to-base voltage, Veno = 
60 v minimum at leno = 10 µ.a; low 
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new! A free guide book to the profit 
potential available in Florida's electronics industry. 

Write ·for your free copy today! Full, factual and 
detailed information about your future as a Florida 
industrialist. A partial list of subjects covered: 
the fantastic "Space-Age Market"; the solid growth of the 
industry in Florida; the markets for electronic components ••• 
instrumentation ... and general manufacturing; the welcome 
climate that offers a tax structure so favorable, you'll 
want to investigate; the unlimited R & D facilities available 
to you; the ease of recruitment of engineers and technicians, 
and the solid growth environment Florida offers you. 

But write today! Investigate Florida-the growth state! 
Discover what a Florida plant can mean to you and your 
company's profit picture! Write today for your free copy 
of "OPPORTUNITIES IN ELECTRONICS." 

r-- --------------------·---· 
: , ~~~:~~:;::el:~:::pbell NAME ........................................................................................... . 

I Commission, Dept. 4447-B FIRM NAME ... , .......................................................................... .. 
Tallahassee, Florida 32304 
Please send me free copy of 

"OPPORTUNITIES 
IN ELECTRONICS" 

ADDRESS .................................................................................. .. 

CITY .............. - .. - ..................... STATE .................... ZIP ........... . 
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MAGNETIC SHIELDS 
Illustrated are a few af the stock mumetal or 
nicaloy magnetic shields for multiplier photo 
tubes and cathode ra y tubes. Stock shields ore 
available fora II populartubes. Custom designed 
shields are made for special applications. 

Circle 120 on reader service card 

JAMES MILLEN MFG. CO., INC. 
MALDEN 

MASSACH USETTS 

Find the 
manufacturer ... 
Fast! 
It's just a matter of seconds to get the valuable 
information you need about electronic manufacturers 
and suppliers in the Electronics Buyers' Guide. 
The EBG has over 200 pages listing the names, 
addresses, phone numbers and key individuals 
of manufacturers of electronics equipment, related 
components and materials. All this plus vital 
company statistics. At a glance you know important 
facts about the company, exactly what each 
company makes, and where to find the 
manufacturers' representatives in your area. 
No wonder the EBG is the industry's standard 
ca ta log-di rectory! 

Electron ics Buyers' Guide 
A McGraw-Hill Publication 

~~~~~~~~!!lll~~~!~=-~~~~330 West 42nd Street, New York, N. Y. 10036 
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New Semiconductors 

... -

thermal resistance, fh .c = 25°C/w 
typical (2N2217 -2N2219, T0-5), 
30°C/w typical (2N2220-2 2222, 
T0-18). 
Bendix Semiconductor Division, The 
Bendix Corp., Holmdel, N.J. (374] 

N-channel-type 

MOSFET 

The developmental type X-5 field
effect transistor is now being mar
keted under the JEDEC type num
ber 2N3631. This is a metal-oxide
scmiconductor device. For linear 
applications, the n-channel unit 
features a minimum input resist
ance of 1015 ohms with typical val
ues of 1016 ohms. Transconduct
ance at a drain current of 3 ma is 
typically 2,000 ,..mho. For chopper 
applications, the device has a typ
ical drain current (off) of 5 pico
amps and on-resistance of 100 
ohms at gate-to-source voltage = 
+ 10 v. The unit is priced at $16.20 
in 100 to 299 quantities. 
Siliconix Inc., 1140 West Evelyn Ave., 
Sunnyvale, Calif. (375] 

~ ...... 
~·JllC7111 

Semiconductor device 

protects meters 

This inexpensive semiconductor 
device protects sensitive meters 
against burnout du e to overload. 
Consisting of two silicon diodes 
in a compact case, the Metcrsaver 
is connected across the meter ter
minals. Under normal conditions, 
a minute portion of the meter cur

JUST CUT TO PATTERN 
Netic & Co-Netic Magnetic Shields 

HAND FORM 
IN SECONDS 

A great convenience to design engineers, 
packaging engineers, R/D, etc. A fast inex
pensive empirical tool to determine and 
shield the necessary components of sys
tems. Use multiple layers if needed. Thick· 
nesses from .002". Also widely used in 
automated or manual production line tech· 
niques. 
Netic attenuates high intensity fields, 
Co-Netic low intensity fields. Permanently 
Pre-Annealed. Not affected by bending, 
vibration or shock. Minimum retentivity. In· 
creases systems reliability. 

Circle 207 on reader service card 

Transmission Lines and Matching Networks 
Supporting Towers and Masts 
Dummy Loads and Termination Resistors 
World-wide Tower and Antenna Installation 

207 

rent is shunted by the Metersaver Elverson, Pa. 19520 (215) 942-2981- lntemational Division, 750 Third Avenue, New York, N.Y. 10017, U.S.A. 

Electronics I February 8, 1965 Circle 121 on reader service card 121 



- Jkc - 2kc - lkc 10 t- lkc t 2kc + Jkc 

DEPARTURE FROM CENTER FREQUENCY 

Low Noise 
VCXOs <=~m:::) 

for an Important Redudion in Phase Jitter 

Another FIRST from DAMON . . . low Noise VCXOs with 

extremely low phase-jitter (-120 db or 0.001 cps deviation at 

1 kc.) This excellent short term stability is typified in the VCXO 

output spectrum illustrated, above. 

Damon low Noise VCXOs may now be inserted into systems 

as simple components with no auxiliary compensating circuitry. 

Only a source of power and a control signal are required. 

Applications include: Doppler Radar (CW, CW-FM, FM and 

Pulse Doppler); Phase locked Receivers and Transmitters; Dop

pler Simulation and Compensation; Frequency Synthesizers and 

other applications requiring electronic frequency control with. 

crystal stability and extremely low phase jitter. 

Write for Data on low Noise VCXOs· 

DAMON ENGINEERING~ INC. 
240 HIGHLAND AVENUE, NEEDHAM HEIGHTS 94, MASS. 

( 61 7) 449-0800 
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but the error introduced on sensi
tive (high internal resistance) me
ters is negligible. If over 500 mv 
(112 v) is impressed across the me
ter, then the resistance of the Me
tersaver drops rapidly and it shunts 
out a considerably greater amount 
of current. Thus, it can, for ex
ample, convert what might be a 
200 times overload to about a 3 
times overload-one which most 
standard meters can tolerate very 
well. Also, the Metersaver allows 
the use of less expensive meter 
fuses. The use of two diodes elim
inates concern about the polarity 
of connection and assures the user 
of protection in case of accidental 
reversal of potential. 
Ohmite Mfg. Co., 3638 Howard St., 
Skokie, Ill., 60076. [376] 

Silicon planar 
dual transistors 

A line of dual, silicon planar trans
istors, both npn and pnp, is now 
available. Two isolated transistors 
are in a single 6-lead T0-5 header 
featuring high reliability silicon 
planar construction. These low
level differential amplifier packages 
have a matching characteristic of 
better than 10% and drift figures 
of less than 5 p.v/ 0 C. All units fea
ture high gain at low current 
levels , extremely tight matching 
and low drift characteristics. A 
typical unit is the 2N2453A differ
en tial amplifier with npn silicon 
planar transistors. It has the follow
ing characteristics: d-c current gain 
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matching ratio, 10% max; beta, 600 
max; breakdown voltages, 80 v 
minimum; base-to-emitter voltage, 
5.0 ,,_v/°C max. Over 40 types are 
currently available and a special 
test program provides for reliability 
testing to customer's specifications 
by order or by specific families of 
devices. 
Union Carbide Electronics, 365 Middle· 
field Road, Mountain View, Calif., 
94041. (377] 

High-frequency 
npn transistor 

The 2N3633 is a high-frequency 
npn transistor of the silicon planar 
epitaxial type. It features a 1,300 
Mc mmnnurn gain-bandwidth 
product (fT), and is ultrasonically 
bonded with aluminum wire to 
eliminate purple plague at the chip. 
The advanced design of the 2N3633 
is said to make it highly resistant 
to nuclear particle irradiation. Typ
ically, d-c current gain (hFJ·:) is 
still greater than 10 after an equiv
alent neutron dose of 1015 neu
trons/ cm2 • The 2N3633 is available 
in a T0-18 package. Similar elec
trical equivalents arc available in 
T0-52, T0-46, T0-51, pico, nano, 
dual T0-5, and dual flatpack pack
ages. 
Transitron Electronic Corp., 168 Albion 
St., Wakefield , Mass. [378] 

Epitaxial junction 
n-channel FET's 

Six new n-channel field effect tran
sistors are now available-types 
C680, C682 and C684 in T0-5 
cases; and types C681, C683, and 
C685 in T0-18 cases. All of these 
devices combine a high gm/IDss 
(transconductance/ drain - to -source 
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~·0 Now 

from RMC 
Production Quantities 

BY-PASS DISCAPS 
(TYPE BA) 

engineered to X5U specification 
RMC type "BA" Discaps offer high capacitance over an extended tempera. 
ture range while maintaining acceptable stability characteristics. These 
DISCAPS can be specified, with complete confidence, for coupling and 
by-pass applications operating in environmental extremes. Write on your 
letterhead for additional information on type BA and other high quality 
DI SCA PS. 

SPECIFICATIONS 

CAPACITANCE: Within tolerance @ 

l KC and 25°C 

CAPACITANCE TOLERANCES: 
+ - 20% or + 80 - 20% 

WORKING VOLTAGE: 500 V.D.C. 

POWER FACTOR: 1.5% maximum @ 

lKC 

INSULATION RESISTANCE: Greater 
than 7500 Megohms @ 500 V.D.C. 

TEMPERATURE COEFFICIENT: Y5U, 
X5U 

FLASH TEST: 1250 V.D.C . for l sec
ond 
LIFE TEST: Per EIA RS· 198 Class II 
POWER FACTOR AFTER HUMIDITY: 
2.5% maximum <'! lKC 
INSULATION RESISTANCE AFTER 
HUMIDITY: Greater than 1000 Meg. 
ohms @ 500 V.D.C. 
BODY INSULATION: Durez phenolic 
-vacuum wax impregnated 
LEAD STYLES AVAILABLE : Long lead 
- #22 AWG tinned copper-, fin-lock, 
kinked lead plug-in and pin type 
plug-in 

TYPICAL CAPACITY VS. TEMPERATURE TYPE BA OISCAPS 

~ : I 1 I 

~ 20 1 
I u i---t----t-7:-+--t----t--r1 -+---+--+,--t---+---+--+--+-~1 

o t---t----t--T, -+--t----t-~1 -t---+--+--+--1----11---+--+--I 
~ 0 ' ' ~ 

l---l---+--+:-+--+--+-c..f"'....-lql-""1----!--+' ----++---~ ..... --+---+--4-~' 
~-20 ' .........., , ' ~ I 
::: : .A""' : ' --...... ' 
~ -40 --+-- ~ : r-----
z : I 
~ -bD ' I I 
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~ -80 : I I 
LU : : I I 
~ 1 I I -1 

~ -55 -30 0 +25 +85 
TEMPERATURE 0 c 

RADIO MATERIALS COMPANY 
A DIVISION Of It. I. MAUOIY & CO., IHC. 

GINllAL OHICE 1 4242 W, lryn Mawr Ave., Chlcage 46 , llt. 
Two IMC Plants Devoted lxcluslvely to CeraMlc Capacitors 

FACTORIES AT CHICAGO, ILL, AND AnlCA, I 
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Also 200 other Models of Power Supplies & Battery Chargers• Write for Catalog 

CHRISTIE ELECTRIC CORP. 3402 West 67th Street, Los Angeles 43, Calif. 

Ci rcle 208 on reader service card 

Capability to spare when the going gets toughest! Genisco's 10-126 Portable 
Tape Transport delivers 14 channels of record and reproduce ability in less than 
one cubic foot ... tape drive complete with two switchable speeds within a full 
speed range, local and remote controls and 2400 feet of Yi" or 1" magnetic tape. 

Model 10-126 belongs to a ruggedized family of transports designed for reliability 
in such demanding applications as onboard sled recording ... F-111 escape pod 
tests ... Apollo re-entry and Gemini 
drop tests ... helicopter in-flight re
cording and VTOL flight testing. ~ ~m· SCQ T E C H N 0 L 0 G Y 

~ CORPORATION 

Write or call for full in.formation on the o A r A o 1 v 1 s 1 o N 

right model to meet your most exacting 
requirements. 
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18435 Susana Road, Compton, California (213) 774-1850 

New Semiconductors 

current with zero gate voltage) 
ratio with low gate capacitance 
(1.5 pf typical) and low leakage 
currents (0.2 na typical). They are 
ideal for high-impedance amplifier 
applications from sub-audio to low 
r-f, and can also be used as bi
lateral resistive elements for switch
ing and voltage-controlled resist
ance applications. The devices are 
manufactured by the epitaxial junc
tion process, which combines the 
advantages of alloyed, epitaxial, 
and planar techniques , and pro
vides extreme ruggedness and 
parameter stability. Unit price is 
$6 in single quantity. 
Crystalonics, Inc., 147 Sherman St., 
Cambridge 40. Mass. [379] 

Silicon transistors 
feature low noise 

A new silicon, npn, epitaxial planar 
transistor has been developed for 
use as a general purpose r-f am
plifier at frequencies up to 450 
Mc in industrial and commercial 
communications equipment. The 
2N3478 has a noise figure not ex
ceeding a maximum value of 4.5 db 
and a minimum power gain of 11.5 
db when used as an unneutralized 
amplifier. It utilizes a hermetically 
sealed four-lead package in which 
the active elements of the transis
tor are insulated from the case. The 
case may be grounded b y means of 
the fourth lead in applications re
quiring minimum feedback capac
itance, shielding of the device, or 
both. This technique contributes to 
highly reliable performance at vhf 
and uhf. When used as a vhf oscil
lator, the 2N3478 will deliver a 
power output of 30 mw (typical) 
at 200 Mc. 
RCA Electronic Components and De
vices, Harrison, N. J_ [380] 
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actual size 

ULTRA MINIATURE MOTOR 
Globe's Type VT permanent magnet d.c. motor is the 
smallest standardized power motor we know about. 
Fourteen standard armature windings are available for 
3 to 50 v.d.c., with no-load speeds from 5,000 to 22,000 
rpm. You can apply this miniaturized unit for continuous 
duty ratings up to 1-1/2 watts, and for starting torques up 
to 1.0 oz. in. Unit is 5/ 8" in diameter by 1-5/ 8" long; 
weight is 1.5 ounces. Brakes, governors, gear heads, and 
radio noise filters can be supplied. 

Type VT is only one of many d.c. and a.c. motors built 
to high standards of quality by the largest manufacturer of 
precision miniature motors. Request Bulletin VT-2. 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio • 

• 

• Max. Stop Band Attenuation of 84 
db/ octave. 

• Direct Coupling-no phase distort. 
ing blocking capacitors. 

• Unity Gain-± l/4db. 
• Low Impedance Isolated Output

under 150 ohms DC to 2.5 me. 
• Widest Cutoff Coverage-independ

ent sections as high pass or low 
pass; combined sections as high 
pass. low pass, band pass or band 
reject. 

• Highest Cutoff Accuracy-2%. 
• Greatest Dynamic Range-over 100 

db. 
• The ONLY Filter available in 8 

styles to meet your specific needs 
AND SAVE YOU MONEY: 

Style A .............. 20 - 200,000 cps 
Style B. ... .. .. . . ... . 2 - 20,000 cps 
Style c ... .. . . . ....•. 0.2 - 2.000 cps 
Style D.. .. ........ .. 2 - 200,000 cps 
Style E ............ .. . 0.2 - 20,000 cps 
Style F ............... 0 .2 - 200.000 cps 
Style G ....... . ....... 0 .02 - 2.000 cps 
Style H ............... 0.02 - 20.000 cps 

All styles standard 19" rack mount
ing. 7" high, 15" deep. Weight, 44 lbs. 
Accessory cabinet illustrated avail
able at additional cost. 

Send for Brochure E 

INSTRUMENTS, INC. Box 474 

Tuckahoe, N. Y., (914) SP 9-8111 

Circle 210 on reader service card 

Just about as quickly as you can make cable con
nections to the Telonic Rho-tector, you'll have your 
VS\VR readings - displayed as a continuous func
tion of swept frequency on an oscilloscope, or an 
X-Y recorder, or as a point value with a galvanom
eter or voltmeter. The Rho-tector provides unsur
passed sensitivity and speed for measuring VS\VR 
of filters, couplers, amplifiers, cable connectors, and 
many other components and instruments. 

Model No. 

TRB-1 
TRB-2 
TRB-3 

TRB Rho-tector Specifications 

Frequency Range 

1 Mc to 1 Ge 
1 Mc to 2.5 Ge 
1 Mc to 1 Ge 

Unbalance 

30 db 
30 db 

50 db (1 Mc to BOO Mc) 
45 db (800 Mc to 1 Ge) 

VS\VR calibrating kits complete with standard 
impedance match and mismatch terminations are 
also available. Specifications and complete data on 
the Rho-tector, terminations, and kits, on request. 

7 ~ *" 
8 

ENGINEERING CO. 
/ ~ 480 Mermaid St., Laguna Beach, Calif. 

Tel: (714) Hyatt 4-7581 TWX: 714 673-1120 
0 Specialists in microwave band pass and low pass filters, 
miniature, cavity, interdigital, tunable types, and associated 
eq uipment. 

Representa tives in principal cities thrn11 e:hout the world . 
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Did you say 

160 me 
AMPLIFIERS or 
CONVERTERS? 
Either way LEL has the answer in off. 
the-shelf, solid state equipment that is 
just right for your job. 

Need a HIGH FREQUENCY 
IF AMPLIFIER? 
160 me IF, all-silicon units are immedi
ately available with 30 me bandwidths 
and offering both IF and Video outputs. 

Need a HIGH LEVEL 
CONVERTER? 
LEL's 160 me transistorized models 
have 21.4, 30 or 60 me outputs, self
contai ned local oscillators and offer 
linear operation to plus 10 dbm of input. 

At any frequency you can count 
on LEL IF, RF or log amplifiers. 
Either solid state or tube types 
are available for every receiv ing 
system application. 

For all your receiver 
requirements ••• 

call on LEL capability/ 

Send for your FREEcopv.1· of LEL'sCatalog · 
~ ·~".· 

·-·~~.-..... :;;j 

IEL INC 

AKRON ST.. COPIAGUE, L. I., NEW YORK 11726 
(516) AMityville 4-2200 / !516) PYramid 9·8200 

TWX Code 516-691 -5085 
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New Subassemblies and Systems 

Desk-type digital computers 

A low-cost line of digital computers 
has been developed. Three ma
chines in the series are now avail
able, designated DMI610, 611 and 
612. These computers feature a 
wide operating temperature range 
of 0°C to +55°C, and exceptional 
reliability, according to the manu
facturer. Word size is 12 bits in
cluding sign. Memory is magneto
strictive delay line, packaged in 
modules of 256 words per module. 
Up to 16 memory modules ( 4,096 
words) may be used. The 610, 611 
and 612 computers have 28, 38 and 
50 commands, respectively, plus 

I FF transponder 
delay lines 

New IFF transponder delay lines 
are distinguished by their relatively 
miniature size and construction. 
Models 53-89 and 53-92, exhibiting 
delays of 20.3 µ.sec and 24.65 µ.sec 
respectively, each occupy only 4 
in. by 4 in. by % in. of p-c board 
space and can be supplied as sep
arate p-c mounting components or 
together with associated circuitry. 
Impedance is 400 ohms for the 

special microinstruction features. 
Input/ output includes Teletype
writer, paper tape reader and 
punch. Power dissipation is only 
100 w including display lights. The 
computer is priced at $11,250 in
cluding desk console, chair and all 
input/ output equipment. A rack
mounted version is available for 
systems applications. The company 
says the computers are ideally 
suited for educational and training 
programs, problem solving, system 
control functions and a wide range 
of scientific applications. 
Data Machines, Inc., 1590 Monrovia 
Ave., Newport Beach, Calif. [401] 

model 53-89 and 470 ohms for the 
model 53-92. The delay to rise time 
ratio is better than 50:1, attenua
tion is less than 0.12 db/ µ.sec and 
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temperature coefficient less than 50 
ppm/ °C over a temperature range 
of -55°C to +85°C. Taps are pro
vided at 1.45 µ.sec intervals to a 
±0.05 µ.sec tolerance, but can be 
relocated as required. Units are 
available for short-term test pur
poses on a consignment and first 
come, first served, basis. 
ESC Corp., 534 Bergen Blvd., Palisades 
Park, N.J. [402] 

Memory system 

uses 3 channels 

Three separate and independent, 
dynamic digital storage elements , 
each with a maximum capacity of 
8,000 bits , are packaged into a 
single compact memory system. 
The MA917 memory consists of 
magnetostrictive delay lines as the 
storage element, plus associated 
input/ output circuitry including 
drivers, output amplifiers, and 
gates, and the necessary circuitry 
for recirculating and reclocking. It 
operates at 2 Mc non-return-to
zero, and any desired storage ca
pacity up to 8,000 bits can be pro
vided in each of the three channels, 
or a total maximum storage capac
ity of 24,000 bits. Input require
ment for the unit is 3 v at 3 ma. 

Power required is + 12 v and - 12 
v. Output is reshaped and reclocked 
in order to reproduce the input. 
Overall size is 7 by 57/s by 3 in. The 
unit is designed to meet commer
cial and military specifications. 
Magnetostrictive delay line mem
ories, due to their versatility, small 
size and low cos t per bit stored, 
are ideal for computer uses where 
a volatile memory is acceptable. 
Their cost per bit is about 1/4 that 
of drums or disk memories and less 
than 1/ 50 that of magnetic core 
memories, according to the manu
facturer. 
Computer Devices Corp. , 6 W. 18th St., 
Huntington Station, N.Y. [403] 
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Still home-brewing 
SERVO AMPLIFIERS? 

BULOVA-the leader-can make 'em 
faster, better, and at less cost! 

Developing your own elec
tronic components to meet 
servo system requirements 
is a waste of time, money, 
and engineers! Bulova's 
group of engineering spe
cialists probably have al
ready tackled a problem sim
ilar to yours, and can quickly 
provide you with unexcelled 
servo products at surpris
ingly low cost. 

Bulova provides you: 
• Many engineering man

years of experience devel
oping electronic servo 
products to solve prob
lems like yours. 

• Full line of products-off
the-shelf, or custom de
signed to your require
ments. 

•Quick action-prototypes 
when you need them. 

• Productions units to your 
schedule. 

No matter what your prob
lem in servo amplifiers or 
frequency control, you'll get 
quick, usable answers from 
Bulova Electronics, the com
pany with the widest line. 
Call or write to us at Dept. 
E-12. 

SPECIFY 

[]3@)[1@WLI'i 
SERVO 

PRODUCTS 

Bulova offers a full line of elec· 
tronic products for the servo sys· 
tern, featuring: 
e Solid-state servo amplifiers, 

resolver amplifiers, modula
tors and demodulators, quad
rature rejection filters, buffer 
and pre-amplifiers, and solid
state relays. 

e DC torquer amplifiers and 
general -purpose power ampli
fiers also available. 

e Standard and miniature units 
(down to 3.5 watts in 1A cubic 
inch)! 

e Voltage gains up to 5000; 
higher, on request! 

e Power up to 16 watts stand
ard; higher, on request! 

e MIL-E-5272 environmental 
specs met; NASA-200 as re
quired. 

e Maximum output per unit vol
ume and weight. 
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AT LAST! 

A Temperature 
Chamber 

You Can Set. .. 
and Forget! 

Here is the first temperature chamber 
that's really automatic. You set it to 
the desired temperature and the Mark 
111 does the rest. Without human de
cisions, it heats or cools automatically 
to maintain the set temperature-even 
in the presence of heat generated by 
parts under test. 

Another exclusive-an ease and flex
ibility of programming never before 
possible. Complex heat/cool cycles like 
the one below are routine ... ranging 
from - 300°F to + 1000°F. 

This plus provable l/10°F control ... 
positive protection against "runaways" 
... all solid state design ... low gradi
ents throughout the entire test volume 
... and more - at competitive prices. 
Three sizes starting at $785. 

Contact Delta or your nearby Delta/ 
Non-Linear Systems office on the Mark 
111 or any prob-
1 em involving 
accurate con
trol of environ
ments. It's our 
specialty. 

The E11viro11me111af Co11trof P eople 

_.,,...,,,,.....,,."7:!~-.- 8000 fletcher Parkway 

La Mesa, Calif. 

Phone: (714) 465·4141 

128 Circle 128 on reader service card 

New Microwave 

Ultrastable tunable local oscillators 

A new line of tunable local oscilla
tors feature high accuracy. These 
stalos are available from a series 
that cover the frequency ranges 
between 245 Mc and 7 Ge. The 
model 101Cl, for example, is tun
able over the 2.0 to 7.0 Ge range 
with a minimum power output of 
100 mw. The short term stability 
characteristic for the complete se
ries is 1 part 109, and 1 part in 106 

for the long term stability factor. 
Seventeen standard units are avail
able and can be provided with up 

Medium-power 
coaxial terminations 

Small 20-w coaxial terminations are 
announced for the 0 to 10 Ge fre
quency range. Two models-with 
male and female connectors-are 
available: 374 ;\~[, weighing less 
than 5112 oz, and 374 NF, weighing 
kss than 41/z oz. Both types arc 
only 21/2 in. long by 11/z in. diam
eter (max). The vswr in the 0 to 4 
Ge range is but 1.05; in the 4 to 10 

to three outputs, fine tuning, or 
automatic frequency control. The 
ball bearing construction of some 
units , such as the model 5C4, 
which is tunable over the 525 to 
570 Mc range, facilitates their use 
in motor driven applications. The 
stalos range from a minimum of 
8% in. to a maximum of 12 in. in 
length and can be installed as com
ponents in radar and other micro
wave systems. 
The G. C. Dewey Corp., 202 E. 44th St., 
New York, N.Y., 10017. [421] 

Ge range, 1.25. The terminations 
were developed for limited space 
applications, where weight also is 
an acute factor, and where good 
matched loads are required to ter
minate coaxial lines. Price of either 
model is $65. 
Narda Microwave Corp., Plainview, L.I., 
N.Y. [422] 

Single-pole, 4-throw 
X-band switch 

A new sp4t switch operates from 
8 to 12 Ge. Designed originally for 
a special instrumentation program, 
the X-band switch can select a 
number of input signals to be 
joined into a common output. It 
features a very rapid switching 
time, in the order of 1 nsec, over 
its wide band of operation. The 
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rapid switching performance is ac
complished with a video driving 
voltage of - 2 v at 75 ma and +s 
v at 0.1 p.a. Insertion loss is less 
than 10 db and typical isolation 
between input ports is 30 db. 
The Micro State Electronics Corp., a 
subsidiary of Raytheon Co., 152 Floral 
Ave., Murray Hill, N.J. [423] 

Traveling-wave tube 
spans 5.4 to 10.7 Ge 

A new 1 %-lb traveling-wave tube 
provides a minimum of 2 w c-w 
and 60 db small signal gain in the 
frequency range 5.4 to 10.7 Ge. The 
L-3957 twt is approximately 11 in. 
long. Its weight includes a hca t
sink mounting plate for conduction 
cooling. Outstanding features in
clude simplicity of operation, an in
sula ted helix for modulation pur
poses and only one high voltage, 
thus reducing power supply costs. 
The L-3957 was des igned for target 
augmentation. However, it is read
ily adaptable for countermeasure 
systems, communication sys tems 
or any amplifier application where 
high gain is required. The all mctal
ceramic twt has been shock tes ted 
at 125 g and operated in ambient 
temperatures of 150°C witho11t 
degradation in performance. 
Litton Industries, Electron Tube Divi · 
sion, 960 Industrial Road, San Carlos, 
Calif. [424] 

Transistor oscillator 

for 650 to 840 Mc 

A new transistor c-w oscillator is 
announced for 1-o applications at a 
frequency of 650 to 840 Mc. Manual 
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LAPP 
@~ 
WTIJLJLJEID) 
CAPACITORS 
ARE DESIGNED FOR 

HIGH 
VOLTAGE 

HIGH 
CURRENT 

HIGH 
CAPACITANCE 

APPLICATIONS 

These uniquely designed Lapp Gas-Filled Capacitors are completely un
affected by atmospheric or dust conditions. They are precision built and 
of extra strong construction to assure years of accurate, trouble-free 
operation. • Lapp Gas-Filled Capacitors are available in either fixed or 
variable models. All are equipped with an external safety gap to protect 
against internal flashover on excess voltage peaks. Capacitance available 
up to 30,000 mmf, safety gap settings up to 85 kv peak and current ratings 
up to 400 amps at 1 me. • Write for Bulletin 302 .. . get our complete 
Gas-Filled Capacitor story. Lapp Insulator Co., Inc., Radio Specialties 
Division, 227 Sumner St., LeRoy, N .Y. 14482. 

Lapp 
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YOKE SPECIFYING PROBLEM? 

130 

ASK AN 
EXPERT ..• 

A SYNTRONIC 
DEFLECTION 

YOKE SPECIALIST 
Since we make more types of yokes than anyone else, it's natural enough for 
our team of experts to know more about yoke design, application engineering, 
and quali ty contro l. 
Specifying can be a challenging problem, and with this in mind, we put our 
experience at your disposal. Don't hesitate to call or write us when you're 
puzzled as to the right deflection yoke for your display. 

sy__ntronic INSTRUMENTS, INC. 
100 Industrial Road , A ddison, Illinois 
Phone: A rea 312, 543-6444 

Circle 211 on reader service card 

PREVENTION IS A HYPERSENSOR 
HYPERSENSORS, "NANOSECOND FUSES," PREVENT COSTLY TRANSISTOR BURN-OUTS. 
Save a transistor; save a circuit; save a computer; save a mission. Solid 
state Hypersensors react in time to prevent transistor burnout . .. in nano
seconds . .. and they can be reset over and over again with appl ication of 
only 12 V. Standard units, T0-18 transistor size, rated 10 to % 
300 ma, available from stock. Subminiature, axial lead Hyper-
sensors made to order. For information, write or phone, 1100-1 
E. Ash Ave., Fullerton , California, 92631. Phone: 871-1930 (714) l1 
QUALTRONICS CORPORATION \_; 
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tuning range is 190 J\Ic; power out
put, 40 mw minimum; power input 
requirements, 18 v d-c at 17 ma 
max; frequency stability vs tem
perature, 5 ppm/ °C. The oscillator, 
Part No. 9511-1005, is 1 in. square 
by 2 in. long, excluding projections 
and weighs 2 oz. 
Trak Microwave Corp., Tampa, Fla. 
[425] 

Step-recovery 

diode multiplier 

J\fodel H802 is an H-band, step
recovery diode multiplier. The step
recovery diode offers considerable 
advantage over conventional har
monic generating elements in the 
effi cient production of very high 
order harmonics permitting single
stagc jumps from a convenient vhf 
or uhf excitation frequency to shf 
H-band frequencies. Input power 
at 2.0 Ge or lower frequencies pro
duces output power in the 7.05 to 
10.0 Ge band with a conversion 
effi ciency of 1.0 db per harmonic 
number. The H802 multiplier is 
ideal for high-stability, all-solid
s tate, local-oscillator and low
powcr tran smitter service, preci
sion frequ ency measurements, and 
general laboratory and classroom 
use. It consists of a step-recovery 
diode mounted in a short sec tion of 
H-band aluminum waveguide. Low
frequency input power at one BNC 
receptacle is fed through a low-

Electronics I February 8, 1965 



pass filter to the diode where power 
at a high harmonic frequency of 
four times to 100 times the excita
tion frequency is launched in the 
waveguide at H-band. A second 
BNC receptacle is provided for 
conveniently attaching an external 
bias resistor for self-biasing. Price 
of the H802 is $120. 
Somerset Radiation Laboratory, Inc., 
P.O. Box 201, Edison, Pa., 18919. [426] 

Co-ax diode switch 
designed for X-band 

This solid-state diode switch has 
OSM type bias and r-f connectors. 
The spst switch was designed to 
meet military specifications and 
will meet or exceed the following 
electrical characteristics: frequency 
range, 8.4 to 9.4 Ge; typical min
imum isolation, 20 db; typical max
imum insertion loss, 2.0 db ; r-f 
power, 4 w average, ISO w peak, 
0.001 duty cycle: switching time, 
10 nsec; operating temperature 
range, -55° to +8.5 °C ; size. 3 in . 
by 2112 in. by 1 in . including all 
connectors. The unit is esneciallv 
useful for r-f switching, r-f moduJ;. 
tion, and voltage controll<'cl v~ri
able attenuation. 
Antenna and Radorne Research Asso
ciates, 27 Bond St., Westbury, N.Y. 
[427] 

High gain twt 

suitable for radar 

A traveling wave tube is an
nounced for pulse position mod
ulation. Type WX-30046 is de
signed for radar systems in the 
frequency range of 8.5 to 9.6 Ge. 
Peak power output is over 1 kw; 
the power output curve is flat 
within ± 0.5 db. Saturation gain 
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There's only one ~ay 
to go ... co1nputerized 

litter and 
translor1ner design 

Here's the newest, shortest way to accuracy and 

top performance in filters and transformers: design 

~ ·) by computers. 

It's your fastest route. Computer designs take minutes instead of hours. 

No crossroads or by-passes, either. Computer design explores possible ap

proaches, guides you straight to the best solution when you're in a hurry. 

And no detouring for trial-and-error prototype costs. Designs are "perform

ance tested" before production starts. Genisco's computer method searches 

through existing designs and singles out any that can be used. 

Your filters and transformers arrive on time and at lower shipping cost 

because Genisco plants are on the map in key market areas. Price quotations 

are fast and accurate. There's never any guessing about costs with Genisco 

computer design of filters and transformers. 

Find out how this new design capability can put you on the right track. Write 

today for complete information . 

Qeniscol TECHNOLOGY 
CORPORATION 

INSTRUMENTS DIVISION CEECO DIVISION TRANSONIC DIVISION 
(Wave Filters) (Wave Filters & Transformers) (Transformers) 

9036 Winnetka Ave. 3223 W. Armitage Ave . 808 16th Street 
Northridge, California Chicago 47 , Illinois Bakersfield, California 

(213) 341 -4320 (312) 327 -3130 (805) 327 ·5701 
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POTENTIOMETERS· POTENZIO 

POTENTIOMETRES · 
• CHOOSE FROM HUNDREDS 

OF FACTORY MODELS 

• CUSTOM MADE TO YOUR 
SPECIFICATIONS 

• WORLD RENOWNED 
RELIABILITY 

~ 

,,, _~/. POTENTIOMETER 
" 

1cNCIOMETROS 
OTHER LESA PRODUCTS: 

• automatic record changers 
• manual record players a.c. & d.c. 
• portable phonographs 
• tape recorders 
• fractional power motors 

LESA COSTRUZIONI ELETTROMECCANICHE S. p. A. -VIA BERGAMO, 21- MILANO- ITALY 
LESA OF AMERICA CORPORATION - 32-17 6lst St., Woodside 77, New York (212) YE 2-9330- U.S.A. 

LESA DEUTSCHLAND GMBH -Wiesentalstrasse 1-Freiburg i. Br. - DEUTSCHLAND 

LESA FRANCE SRL-19 Rue Duhamel - Lyon - FRANCE 

LESA ELECTRA S.A. - Via Portone 27 - Bellinzona - SWITZERLAND 
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Now! The Vulcan Thunderbolt Cartridge Heater and the Vul
can Cal-Stat Thermostat in 1,411 diameter x lW' long ... ideal 
fordifficultand critical thermal systems. Thunderbolt delivers 
up to 100 watts/sq-inch under ideal conditions, has stainless 
steel case, is available for either llOv or 220v. Vulcan Cal-Stat 
is shell sensitive type with -l00°F to +500°F range, inherent 
sensitivity of 1°F, slotted screw for full range adjustment. 
Both heater and thermostat available with any hardware or 
environmental "package" required by application. 

Simplify your design problems . . . by using these Vulcan 
miniatures - send for complete details, today. Application 
assistance also available, with results assured because of 
single-source thermal systems. Vulcan Electric, 88L Holten 
St., Danvers, Mass. 

~~ 
HEAT ANDIJ'SCONTROL 
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MINIATURE 

Hg WETTED 

magnetic reed 

the largest selection ever offered 
The use of magnetic reed switches has been increasing by 
leaps and bounds, and Hamlin engineers have set the pace 
with the greatest selection. All standard varieties, of course, 
and many more designed for special requirements • , 
YOUR specifications. 

SEE IT! HEAR IT! DRVT-1 High Voltages (up to 5000 v) 
DRT-5 Heavy Duty (up to 50 v amp.) 

~,,,.;\ 
"~"' ~~ 

FREE CARD 
with magnet 
and switch 

DRS-5 Heavy Duty (in-rush to 15 amp.) 
DRG-DTH Double Throw (Form ''C") 
HRC-1 No Bounce (Mercury wetted) 
HWDT-1 Mercury Wetted Double Throw 
MRG-DT Miniature Form " C" 
MRC·l Mercury Wetted Miniature 

Send for literature. 

I 
N 
c 

DEPT. EL • LAKE AND GROVE STREETS • LAKE MILLS, WIS. 53551 
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New Microwave 

is 44 db with a duty cycle of 0.01. 
The tube is normally operated by 
cathode pulses of 14 kv at a peak 
current of 1 amp. The input and 
output r-f connectors are miniature 
coaxial lines. The WX-30046 
weighs only. 4 lb including the 
magnet, and is 15 in. long by 
1 % in. in diameter. 
West inghouse Electronic Tube Division, 
Elmira, N.Y. [428] 

Variable attenuators 
cover 2 to 11 Ge 

Series 254 coaxial variable atten
uators cover the frequency range 
from 2 to 11 Ge in three broadband 
devices. Each attenuator is in a 
3-in. square housing and is avail
able in the micrometer drive or 
with a translating shaft for remote 
control. The range of attenuation is 
20 db with an insertion loss of 0.5 
db maximum. The vswr over the 
en tire range is less than 1.5: 1. 
These attenuators are rugged and 
suitable for use in military environ
ments. They are supplied as stand
ard with type N female connectors. 
Price is $195 each. 
MSI Electronics Inc., 116·06 Myrtle 
Ave., Richmond Hill , N.Y., 11418. [429] 

Circulator subassembly 
covers 4.9 to 5.1 Ge 

A new circulator subassembly has 
been announced. The CWF-492-
NT consists of a 5 port switchable 
circulator mounted on RG 95/U 
waveguide. An image rejection filter 
is included in the output leg. Fre
qu ency is 4.9 to 5.1 Ge. Isolation 
is 40 db, minimum. Insertion loss 
is as follows: ports 1-2, 0.4 db ; 
ports 1-3, 1.2 db (switched, includ
ing filter) ; ports 2-3, 1.0 db (normal 
condition, including filter). V swr is 
1.15:1; switching power, 7 w. The 
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For your vidicon, image orthicon and professional 

movie cameras, Cosmicar lenses are available in 

focal lengths from 12.5mm up to 1000mm. 

New zoom lenses are now available. 

. . 

. ..,..~ q ..... 

. } "''"4:·~ ..... ,- '~ 

. ' • i 
--,..~· =·-t ·r·· .. :;,., .... . . ~' .. : ,. . 

~ 
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Minimum height design 
to save panel spacel 

15% longer scale -
40% less space. NEW! 

NEW! Crisp, low profile for 
modular styling. Per

mits the equipment designer to 
achieve the ultimate in design. 

NEW! 
Quick clip 
mounting saves 
90% of normal 
installation time. 
No washers, nuts 
or screws. 

NEW I Recessed terminals 
• require less chassis 

depth, leave more space for 
components. 

/ ""'I 
FOR YOUR APPLICATION, 
MAY WE QUOTE ON YOUR 
SPECIFICATIONS, OR HAVE 

OUR REPRESENTATIVE CALL? 
\.. ~ 

Experienced manufacturers of meters in 
volume, for both commercial and military 

applications, including ruggedized 
and sealed meters to military standards 

Designed and Manufactured by 

DIXSON, INC. 
METER DIVISION DEPT. B 

GRAND JUNCTION, COLORADO 
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single section output filter provides 
approximately 15 db rejection, 75 
Mc from center frequency, and is 
tunable over the 4.9-5.1 Ge range. 
An integral mounting brack<'t can 
be supplied with the unit as shown 
in the picture. 
N·H Microwave, Inc., P.O. Box 1009, 
Red Bank, N.J., 07701. [430] 

Ferrite circulator 
in miniature size 

A 5-port ferrite circulator weighing 
less than 3 oz has been developed 
for use with parametric-amplifier 
or tunnel diode amplifier designs 
operating in the 8.5 to 9.6-Gc range. 
Model H-522-211 circulator has a 
minimum isolation of 35 db, maxi
mum insertion loss of 0.5 db, and 
maximum vswr of 1.2. Equipped 
with OSM connectors, the circula
tor is only l ~ ~ in. long, l :i't in . 
wide, and % in. high, excluding 
the connector length. The unit is 
available with terminations for 
service as an isolator that pro
vides more than 60-clb isolation, 
and no more than 0.7-dh insC'rtion 
loss. 
Melabs, 3300 Hillview Ave., Stanford 
Industrial Park, Palo Alto, Calif. [431] 

Reflex klystrons 
for paramp pumping 

Reflex klystron oscillators, which 
are warranted for 5,000 hours of 
operation, have been specially de
signed as parametric amplifier 
pump tubes. The tubes are also 
ideal for other applications that 
require frequency and power sta-

bility, ruggedness , and light weight. 
Each complete klystron weighs 
only 5112 oz and mounts in any 
position. The tubes operate at any 
specified fixed frequency between 
18.0 and 36.5 Ge. The V A-282 se
ries are tuned by the factory to a 
frequency between 18.0 and 26.5 
Ge, and the VA-283 series are 
tuned to a frequency between 26.5 
and 36.5 Ge. Depending upon the 
beam voltage and the operating 
frequency selected, each tube will 
deliver between 20 and 200 mw. 
R-f output is through a special 
flange for heat-sink mounting on 
RG-53/U (WR42) waveguide. Ade
quate cooling can be obtained by 
heat conduction through the output 
flan ge to a heat sink. Maximum 
beam voltage for the tube is 800 v 
d-c; reflector voltage, -50 to -400 
v d-c; heater voltage, 6.3 + 0.6 v; 
typical hea ter current, 1.25 amps; 
dimensions, 3 in. by 13/s in. by 11/4 
in. 
Varian Associates , 611 Hansen Way, 
Palo Alto, Calif. [432] 

Variable attenuators 
for L- through X-band 

Continuously variable attenuators 
with a 3-in.-square form factor are 
announced. The units have a non
translating shaft or micrometer 
drive. They may easily be panel 
mounted, and the nontranslating 
shaft model can be supplied with 
a digital readout, or turns-counting 
dial. Models are available in L, S, 
C and X-band in 10, 20, and 30 db 
attenuation values. Other charac
teristics are: max vswr, 1.50; max 
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insertion loss, 0.5 db; power capac
ity, 10 w average, 5 kw peak. The 
units are normally supplied with 
type N female connectors; however, 
type N male, type TNC, BNC, 
OS~1 or other minature connectors 
are available upon request. The 
20 db attenuation model in S, C 
and X-band costs $175. 
Antenna & Radome Research Associ 
ates, 27 Bond St., Westbury, N.Y. [433] 

Chopperless d-c 
differential amplifier 

A highly versatile, chopperless d-c 
differential amplifier is now avail
able. Type 6.718 is a single-chan
nel, high-gain unit. Designed as a 
general-purpose amplifier, it is es
pecially suited for use in analog 
circuits employed in special-pur
pose computers , analog simulators, 
data acquisition and/ or continuous 
analysis systems, or advanced in
strumentation and control systems 
utilizing transducer measuring 
equipment or requiring continuous 
calculations. Specifications of the 
unit include a gain of 86 db and a 
minimum output current of 25 ma 
(at ± 10 v) without a booster. 
Ru gged in construction , the silicon 
solid-s tate amplifier features low
drift input/output protection and 
welded encapsulated constrnction. 
It is capable of driving a 0.1 1;,f ca
pacitor with high stability, and can 
drive multipliers and other func
tion generators with ease. One to 
four of these units can be card
mounted in a standard computer 
amplifier chassis that includes bal
ance networks with summing junc
tions connected to rear plug-in pins 
and outputs to a patching block. 
The unit weighs 21/z oz and meas
ures 11- J in. by 1 in. by 1 in. It is 
priced at $120 in small lots ; less in 
quantities. 
Electronic Associates, Inc., West Long 
Branch, N.J. [434] 
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Unit illustrated can dissipate up to 3 kw pressurized to 20 psig. Internal 
circulation is provided by vaneaxial fans that lorce air through two 
air circuits su~roundlng a sealed oil circuit. Material is aluminum alloy. 

~ STRUCTURAL 
~ heat exchangers 

cool electronics 
This new kind of electronics enclosure can help solve cooling prob
lems in higher power level circuits-especially where you must pack 
the maximum electronics into minimum space. A typical exchanger 
measures 24" x 18" x 12" and forms a pressurized housing for a high
powered radar modulator, a low frequency transmitter, or a power 
supply. 

Walls are only % " thick but contain two air circuits straddling a 
sealed oil cooling circuit. Janitrol precision engineering, coupled 
with new methods of forming and brazing foil-thin sheets, makes it 
possible to fabricate leak-proof housings. 

Janitrol can fabricate thin-wall cooled housings to your specifi
cations using thoroughly proven techniques. For details about our 
capability write to Janitrol Aero Division, Midland-Ross Corporation, 
4200 Surface Rd ., Columbus, Ohio. 

JANITROL AERO DIVISION 
midland-Aoss Corporation 
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None More Indispensable! 
THE ELECTRONIC ENGINEERING 

MASTER 
INDEX 

(January 1949 - June 1964) 

A definitive compilation indexing over 
20,000 articles from more than 100 
scientific and engineering periodicals. 

YOUR MASTER KEY TO 
INFORMATION RETRIEVAL 

The Master Index gives you, in minutes, exhaus
tive bibliographies on over 400 sub1ects in 
research, development and production prob
lems in electronic engineering. Alphabetically 
arranged, th ese subjects cover the spectrum 
from Acoustics to Zener diodes, including such 
maj or topic areas as Antennas, Computers, 
Data Processi ng, Electronic Control s, Informa
tion Theory, Instrumentation, Integrated Cir
cuits, Lasers, Magnetics, Masers, Plasma Physics, 
Semiconductors, Superconductors, Systems 
Engineering, Telemetry, Transducers, Tran
sistors-i n fact, all subjects as refl ected in the 
immensely rich engineering literature of the 
past 15 years. 

This Statement of the Engineer's Joint Council 
Highlights The Unique Usefulness of The 
Master Index: 
" The ever expanding volume of technical infor
mation makes it impossible for those engaged 
in research and development to scan all the 
literature in their field. More than ever before, 
vital information needed for a successful proj
ect may be overlooked. The resu lt of informa
tion unavailability is expensive duplication of 
work, wasted time, and wasted scientific and 
engineering talent." 

SUMMARY REPORT, 1963 

Avoid such waste in your organ
ization by ordering The Elec
tronic Engineering Master Index 

now. 

Clothbound-$29.75 
491 pages, 7x1 O 

MASTER INDEX SERVICES, INC. 
151 West 18th Street 
New York, N. Y. 10011 

Send me __ copies of the Electronic Engineering 
Master Index. 

TITL.c..... ____________ _ 

COMPANY-----------

ADDRESS·-------------

0 BILL ME 0 BILL COMPANY 
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New Production Equipment 

... .... , 

Vacuum probe system handles small parts 

A new CS-100 vacuum probe sys
tem is available to handle small 
parts wilh speed and without dam
age. By plugging in the elech·o
magnetic vacuum generator and se
lecting the correct tip for the 
cylindrical type vacuum probe, the 
system is ready for operation. Also 
included in the CS-100 system are 
a Riter, on-and-off switch, five 
probe tips and four feet of flexible 
h1bing. The system is completely 
portable. The aluminum cylindrical 
vacuum probe is light and easy to 
handle for numerous applications. 

Multiple-spindle 
photoresist spinners 

A new line of spinners is designed 
for long lasting, heavy duty use in 
the application of photosensitive 
films to microcircuits. They have 
the advantage of up to five indi
vidual spinners with the cost of 

A selection of additional tips can 
be made from over 20 standards for 
use in assembling small s ilicon and 
germanium wafers in semiconduc
tors , microminiature electronics 
manufacturing, laboratory work 
where vacuum pickup is functional , 
and other uses where light vacuum 
power is fast and safe. Price of the 
complet<' system is $26.75. Aclcli
tional cylindrical vacuum probes 
with dilferent types of valve con
trols are $4.50 each. 

Air-Vac Engineering Co., 100 Gulf St., 
Milford, Conn. [451] 

only one high quality, electronically 
regulated motor drive. The drive 
motor runs continuously. Each vac
uum chuck is individually engaged 
and disengaged with the drive. 
Starting torque is high-mechani
cal breaking provides quick stop
ping. Operation is simple. Each 
spin cycle is automatic with the 
push of one button-including the 
application and removal of vacuum 
to the chuck. A vacuum interlock 
on each chuck-no vacuum, no 
spin - provides protection from 
substrate breakage due to improper 
seating, or loss of vacuum to the 
machine. Also featured is variable 
speed from 150 to 5,000 rpm, elec
tronically regulated. Substrate sizes 
from 0.25 in. to 2.5 in. square can 
be handled. These machines are 
designed for mounting beneath a 
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table top. Only the spinner shafts 
and pushbutton switches are ex
posed on top. The main box size is 
approximately 13 in. by 13 in. by 
8.5 in. Options include higher 
speeds, larger substrate capability, 
manual instead of automatic opera
tion, indicating tachometer, and 
vacuum pump. Price ranges from 
$400 to $1,280. 
Headway Research, Inc., P.O. Box 848, 
Richardson , Texas 75081. [452] 

High-vacuum furnace 
fits on lab bench 
A high-vacuum furnace compact 
enough to fit on a laboratory bench 
has been developed. The complete 
furnace mounted in a console is 
18 in. high by 30 in. wide by 26 in. 
deep, and requires no more space 
than an-ordinary 260°C atmosphere 
oven. Offering high vacuum, high 
temperature capability previously 
available only in substantially 
larger laboratory and production 
units, the model 224 furnace per
forms all types of high tempera
ture, high vacuum lab experiments 
such as sintering, thin film deposi
tion, bright annealing, melting, etc. 
It has a 2 in. diameter by 4 in. high 
work zone with an operating vac
uum range of 10-:i to lQ -G Torr 
and temperature capability up to 
2200°C. The hot zone is heated by 
uniqu e radiant electric resistance 
type refractory metal clement. Full 
access to the heat zone is provided 
from the top through a quick re
lease combination loading port and 
sight glass. Utility requirements are 
2.30 v, 1 phase, 60 cps electrical 
connection capable of 6 kw at full 
temperature and cooling water at 
0.7 gprn at 70°F inlet temperature. 
A manually set voltage adjustment 
provides infinitely variable tem
perature control. 
Richard D. Brew and Co., Inc .. Airport 
Road, Concord, N.H. [453] 
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IN 1 NEW PHOTOCELL 
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Now, the S best characteristics of CdSe ond CdS are combined in 1 new Clairex 
CdS photosensitive material, the type "SH". 

1. High speed ( 1-2 millisecond response) 
2. Low temperature coefficient (0.5% /° C) 
3. Low memory (15 X lower than CdSe) 
4. High linearity (slope of 0. 9 from 0.1 lo 100 FC) 
5. Uniform color temperature response (100% - 106%, 2854 " K-6700 8 K) 

Detailed information on type "SH" photocells plus the new Clairex 16 page 
Designers' Manual free on request. 

CLAIREX 
" The LIGHT Touch in Automation and Control" 

8 West 30 Street, New York, N. Y. 10001, 212 MU 4-0940 

Circle 215 on reader service card 

March 22-26, 1965 

ELECTRICAL-ELECTRONICS 

Exhibit hours (4 days}: Monday & 
Thursday, 9:45 a.m.-9 p.m.; Tuesday 
& Wednesday, 9:45 a.m.-6 p.m. 

Technical sessions (5 days) 10 a.m.· 
5 p.m. (Hilton, Tuesday to 10 p.m.) 

80 subject-organized technical ses
sions presenting 400 vital "break· 
through" papers. 

, Over 1000 Exhibits using 140,000 
~ running feet of display units in N. Y. 

Coliseum & N. Y. Hilton. 

A Gala IEEE Banquet on Wednesday, 
'W March 24, 1965 at 6:45 p.m. in 

- Grand Ballroom, N. Y. Hilton. 

Registration: $2.00 IEEE Members, 
,&, $5.00 Non-members. High School 
"'¥' students admitted Thursday after· 

noon only, $2.00 if accompanied by 
an adult (not over 3 per adult}. 
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AD-YU 
ELECTRONICS INC. 

249 TERHUNE AYE .. PASSAIC N. J. PHONE 472-5622 · 
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New Materials 

Repairable urethane used for potting 

Conathane 2000 with hardener AH-
16 is a moderately priced, flexible 
urethane system for potting and 
encapsulation - wherever repaira
bility is important. Cured sections 
can be easily cut for placement or 
replacement of components. The 
color is a light, transparent amber 
and markings on components are 
easily read through sections one 

Single crystals 
in noble metal 

High-purity noble metal single 
crystals including gold, paladium, 
platinum, and silver with purities of 
99.9999% are now available. Stand
ard single crystal noble metals are 
available in standard diameter rods 
from 1/4 in. up to 1 in. diameter, 
and in lengths to 6 in. The single 
crystals are grown from crucible, 
and are normally supplied with 
random orientation. Specific orien
tations within 3° of the major axis 
100, 110, 111 are available as well 

inch thick. The shore A hardness 
at 25°C is 40-50. The system will 
cure in six hours at 50°C or in two 
hours at 85°C. The viscosity at 
60°C is 500 cps and the pot life is 
40-50 minutes. The dielectric 
strength is 250 v/ mil and the wa
ter absorption after 24 hours im
mersion is 0.13%. 
Conap, Inc., 184 East Union St., Alie· 
gany, N.Y. [441] 

as other specific orientations. Mini
mum orders are 1 in. lengths of any 
standard size diameter. In addition 
to gold, paladium, platinum, and 
silver, the manufacturer also offers 
materials researchers other unique 
nob le metal single crystals includ
ing iridium, osmium, rhodium, and 
ruthenium. These latter elements 
are not available as standards but 
are available upon specific 'cus
tomer request. All of these single 
crystals are prepared using the 
spark erosion process which pro
duces accurate, strain free metal
lurgical specimens. 
Advanced Research Materials Co., 77 
Hickory Road, Briarcliff, N.Y. [442] 
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Today, Hughes is one of the nation's most 
active aerospace/electronics firms. Projects 
include: F-111 B PHOENIX Guided Missile Sys
tem , TOW Anti-Tank Missile, SURVEYOR 
Lunar Spacecraft, SYNCOM, VATE, ARPAT, 
POLARIS, Hard Point Defense and others. 
This vigor will assist the qualified engineers 
and scientists towards more and better oppor
tunities for both professional and personal 
growth . 
Many immediate openings exist. The engi 
neers selected for these positions will be as
signed to the following design tasks: the 
development of high power airborne radar 
transmitters, the design of which involves use 

of the most advanced components; the de
sign of low noise radar receivers using para
metric amplifiers; solid state masers and 
other advanced microwave components; ra
dar data processing circuit design, including 
range and speed trackers, crystal filter cir
cuitry and a variety of display circuits; high 
efficiency power supp lies for airborne and 
space electronic systems; telemetering and 
command circuits for space vehicles, timing, 
control and display circuits for the Hughes 
COLIDAR (Coherent Light Detection and 
Ranging). 

If you are interested and believe that you can 
contribute, make your appointment today. 

For immediate consideration, 
please airmail your resume to: 

Mr. Robert A. Martin 
Head of Employment 

Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 

Culver City 14, California 

Creating a new world with electronics r---- ---- ----- -----, 
I I 

: HUGHES l 
I I 

L- --- -------- ---- --J 
HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer. 

U. S. CITIZENSHIP REQUIRED 



Major Supplier of 

INDIUM 
Dimensions and weights of Standard 
(99.99%) and 59 (99.999%) Grade Indium 
shapes available as follows: 

Ingots - 321.5 tr. oz. {this size in Standard 
Grade only), 100 tr. oz., 10 tr. oz. Sheets -
maximum width of 5 in., minimum thick
ness of 0.002 in. Wire - minimum diameter 

0.01 in. Ribbon - minimum thickness 
0.005 in., maximum width 0.75 in. Pow
der - several sizes from -1 00 to -325 mesh. 
Shot- approximate diameter Ya in. Indium 
Compounds - sulphate, chloride, oxide 
and hydroxide in crystal or solution form. 
Wide range of sizes of Preforms avail
able in Standard and 59 Grades INDIUM 
and custom alloys based on these grades. 
Fabricated shapes include discs, spheres, 
squares, rectangles and washers. Very 
close tolerances maintained. Enquiries in
vited for special shapes, sizes and analyses. 

COMINCO PRODUCTS, INC. 
ELECTRONIC MATERIALS DIVISION , 

818 West Riverside Ave .. Spokane, Wash. 99201 
Phone 509 747-6111 Telex 032 610 

,... TWX 509-328-1464 

Circle 216 on reader service card 

The Choice of the Discriminating 
Communication Engineer ... the 
Man who Never Settles for Anything 
Less than THE-VERY-BEST! 

~"BEAMED-POWER" 
ANTENNAS and ANTENNA SYSTEMS 

140 

Provid e opti1num performance and 
reli a bility per element, per dollar. 
Antennas from 500 Kc to 1500 l\lc. 
Free PLSS condensed data and pricing 
catalog, describes military and com
mercial antennas, Flysten1s, accessorie~ . 
Towers . ~lasts , Rotators , "Baluns" 

and tra nsmission line data. 

Asbury Park 41, New Jersey, U.S.A 

Circle 140 on reader service card 

New Books 

Energy bands 

Energy Band Theory 
Joseph Callaway 
Academic Press, Inc., New York 1964 
357 pp., $10 

This book offers a good foundation 
in the general methods of the 
theory of energy bands in solids. 

It is written for advanced gradu
ate students or anyone at a compar
able technical level. The most per
tinent mathematical methods are 
discussed at some length in the sec
ond chapter. The development is 
not, completely self-contained, but 
is more in the nature of a selection 
from the large quantity of mathe
matical methods at the disposal of 
the psysicist. 

A background in quantum me
chanics is necessary for an under
standing of the book, but it is even 
more necessary to be familiar with 
the mathematics pertaining to 
quantum mechanics. 

Except for chapter 3, the book 
stresses the formalism used in 
working with band theory. Chap
ter 3 is too sketchy to be a good 
source of data for results obtained 
for particular materials. 

The numerous references in the 
text seem to indicate that even 
the author felt that his treatment 
was a guide to additional literature. 
There is also an extensive bibliog
raphy. 

The ideas behind Bloch's the
orem and Brillouin zones are re
viewed. The fundamentals of 
group theory are introduced with 
emphasis on cubic structures. Ef
fective mass, density of states, and 
the Fermi surface are discussed, as 
well as factors affecting the 
group characteristics of the crystal, 
such as spin-orbit coupling. It is 
pointed out how symmetry require
ments give rise to a degeneration of 
the band structure. 

The solution of the one-particle 
Schroedinger equation with a peri
odic crystal potential is treated in 
detail. The methods based on ex
pansion techniques are presented 
first. Variational methods are dis
cussed in connection with the cel
lular method of solving the equa
tion. The tight-binding approxima
tion is explained, and its limitations 
and advantages pointed out. \Van-

nier functions are constructed. The 
determination of the crystal poten
tial by means of the Hartree-Fock 
equations, is also given for the 
many-electron system. To this 
sh·ictly theoretical approach is 
added a discussion of the semi
empirical quantum-defect method. 

The author also discusses the 
results of experimental and theo
retical determinations of band struc
tures in the alkali metals, german
ium, silicon, indium antimonide, 
gallium arsenide, aluminum, the 
noble metals, the transition metals 
and others. This is not a systematic 
enumeration or tabulation of re
sults, instead, a specific topic is 
chosen for each case and discussed 
in some detail: cohesive energy and 
shape of Fermi surface for the al
kali metals , wave functions and 
bands for valence crystals , the 
Fermi surface for aluminum. 

Point impurities and the influ
ence of external fields are also dis
cussed. An addition of a nonperi
odic part to the periodic crystal 
potential is analyzed. The wave 
function for the perturbed Hamil
tonian is expanded in various pos
sible sets of functions: the crystal 
momentum representation using 
Bloch functions, the modified crys
tal-momentum representation and 
the expansion in Wannier func
tions. An example is worked out 
for the point impurity using the 
crystal-momentum representation. 
The effective-mass equation is de
rived (one-particle theory) and the 
application of this formalism to real 
crystals is discussed. The effective
mass equation is generalized to 
include a magnetic field, and the 
book shows how the energy band 
splits into Landau levels. 

In general the book seems to be 
an excellent source of information 
about the methods, results and gen
eral developments in energy band 
theory. The text is sufficient to give 
a clear picture of the subject, fur
ther detail is available in the nu
merous references. 

Irene Petroff 
University of California, Los Angeles 

Recently published 

Field Effect Transistor Applications, 
William Gosling, John Wiley & Sons, Inc., 
144 pp., $6.50 

Physics of Semiconductors, proceedin~s of 
Seventh International Conference, Paris, 
1964, Dunod, Paris, 1368 pp., approx. $30.00 
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FREE 

A valuable guide to help you 
-meet everyday design problems 

involving transistors 

This book will be given to you 
with your first selection 
and charter membership in the 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 

Design Manual 
for 

Transistor Circuits 

By John M. Carroll 

Because electronic and control 
engineers have a lot of questions 
that need current, quick, clear an
swers and because books written 
by specialists in various branches 
of electronic and control engi
neering have those answers, the 
E lect ronic and Control Engineers' 
Book Club has been organized. It 
brings to your attention outstand
ing books in your field that you 
might otherwise miss. 

Publisher's 

Price, $10.00 

Yours FREE 

Author, il1odern 
Transistor Circuits, 

aud Transistor Circuits 
and Applications; 

Jl1a11agi11g Editor, 
El ertro11ics 

OUTSTANDING SELECTIONS AT SUBSTANTIAL 
SAVINGS. 

Possibly just one idea from one of these books could mean more 
to you in actual dollars and cents than many times the cost of 
the book. By taking advantage of this special introductory offer 
you will receive absolutely FREE a copy of Design M an1tal for 
Transistor Circuits, together with your choice of any one of these 
twelve books as your first selection-at the special club price. 
(If you already have Carroll's work, you may take another of 
the books listed in the coupon as your gift copy.) 

Selections cover the sound, hard core of electronic and control 
engineering practice. These books suggest the quality of the vol
ume~ that are available to you as a Club member. All books are 
chosen by editors and specialists whose thoroughgoing understand
ing of the standards and values of technical literature is your 
guarantee of authoritativeness. 

FOR EXAMPLE - SEE COUPON. 

The Club will describe all forthcoming selections to you. Peri
odically you will receive free of charge The Electronic and Con
trol E11gi11eers' Book Club Bulletin, as issued. This gives complete 
advance notice of the next main selection as well as a number of 
alternate selections. 

From this point on, the choice is yours. If you want the main 
selection you do nothing; the book will be mailed to you. If you 
want an alternate se lection or if you want no book at all for that 
particular period, you notify the Club by returning the convenient 
card enclosed with your Bulletin. \Ve ask you to agree only to 
the purchase of four books in two years. Certainly out of the large 
number of books in your field offered during this time there will 
be at least four you would buy in any case. By joining the Club 
you will save, in cost, about 15 per cent from publishers' prices. 

.---YOUR NO-RISK GUARANTEE---. 
Remember, the goal of this economical technical reading 

program is your satisfaction. We ask you to take 110 l"isk 
whatever. If you are not delighted with the volumes you 
receive for this introductory offer, return the books within 
ten days and your membership will be cancelled without 
further obligation. So while this offer is in effect, put your 
coupon in the mail today! 
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Here's a wealth of practical information to help you 
meet everyday design problems involving the use of tran
sistors and other semiconductor devices . Conveniently 
arranged for easy u se, this information-in the form of 
articles, design charts. nomograph~. and actual ready-to
use circuits-covers a wide rang-e of applications-fl·om 
simple one- transistor "push-pull'' amplifiers . . . to 
complex computer switching cil'cuits . 

• MAIL ENTIRE COUPON FOR FREE BOOK AND SELECTION 

Th e Electroni c and Control Engin eers' Book Club 
330 West 42n d Street. New York. N. Y. 10036 

Pleatte enroll me as a member of the Elet:tronic and Control J.;ngim•t·rs' Boo!< 
Club. I wish to take ns my first f>E'le<'tlon the book checked below: 

O Electronic and Radio Engineering , 
4th Ed.,* by F. E. Tcrmun. Pub

lisher's Prlc·e . $ 16.00. Club rrict·. 
$13.60. 

O Mathematics for Electronics with 
Appli cations by B . M. Nodelman 

and II,. W . Smith, Jr. l"ublisher's 
Price. $7.00. Club Price. $5.95. 

D Electronic Designers' Handbook .. by 
Jl. \V. Lnndec. D. C. DRl"ls. and 

A. T'. Albrecht. Publisher's Price. 
$18.50. Club P rice. $15. 75. 

D Magnetic Tape Instrumentation by 
G. L. Da\'ies. Publisher's Price. 

$9.50. Club P rice, $8.10. 

O El ectronic Switching, Timing, and 
Pulse Circuits by J. M. Pettit. 

PulJl!shei .. s Price. $8.95. Club Price . 
$7.60. 

O Transi stor Circuit Design by thl' 
staff of Texas Instruments lncor1>0-

111tecl. Publisher's Price. $1;;.oo. Club 
1'1ice. $12. 75. 

D Information Transmission , Modu· 
lation. and Noi se by l\Usdht 

Schwartz. Publi~hcr's Price, $12.!lO. 
C1ub Price'. $10.65. 

O Digital Computer and Control En· 
gineering by n . S. Ledley, Pub 

li sher·~ l'l'icc. $14.<iO. Club Prire. 
$12.35. 

O Electronic Measuring Instruments 
by Harold E. Soisson. Publisher's 

Price. $7.50. Club Pri ce. $6.40. 

D Electrical Engineering for Profes· 
sional Engineers' Examination s 

by J ohn D. ·consta nce, P.E. Publish
er's Price, $10.00. Club Price. $8.50. 

O Adaptive Control Systems , Edited 
b~· l~li Mishkin and 14. Hrnun, Jr. 

Publisher's l'rkc. $17.50. Club PrlCC'. 
, 14.n5. 

O Control Engineer's Handbook, Ed
ited by ,f. C. Tru xal. Publisher's 

Prke. $23.50. Club Price. $19.95. 

I am to rec~h·e FREE with the book checked al>0,·e a girt rop,,·* of Design Man. 
ual for Transistor Circuits or an alternate gift co1>r of 

Bill me for my ttrst selection at the special Club price, plus local tax, and a 
few uddltiona.1 cents ror deliver~· costs. F ort hcoming sele<·tious will be described 
to me in advance and 1 may decline any book. 1 nred only talrn 4 bool\S in two 
years of membership, All further selections I ehoose will be at the member•s 
Sl>f'cinl price 
.,. Titles murl·:rd with an nsterlslc carry an extra $1.00 C'harg<.'. 

( IJrlnt) 
Xan1c .... . . ••. •.•••••.•.•••.•••••••••.•.•••••..•••• •• ••.. · · · · · ·· · · · · · • · · · · · 

Address ....••••.••••.•••.••••••••••••••••• •• • . · •. · · • · • • · · · · · • · · · · · · • · · · · · · 
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Free Chart 
dielectric materials 

Over 200 materials are displayed on this 
full color chart. Each material is located with 
respect to dielectric constant and dissipation 
factor . Many physical properties are given. 
Foams, solids - plastics, ceramics - low loss, 
high loss dielectrics - all are included. 

This 1•cil/{(1ble 1·efere11ce chart is yours. 
ll/' 1·i1e or use the l?eader Service Card. 

EMERSON & CUMING, INC. 
CANTON, MASS. 

604 W. 182nd ST., 
GARDENA, CALIF. 
9667 ALLEN AVE., 

ROSEMONT, ILL. 

Circle 217 on reader service card 

DC POWER SUPPLIES 

CONTINUOUS VOLTAGE COVERAGE-4.7 to 60 vdc. 

Input: l 05-125 vdc, 50-400 cps 
Regulations: From ± 0.05% 
Ripple: From .002% or l mv, rms 
Temp. Coeff.: From ± 0.01 % 1°C 

Voltage Adjustments: ± 5% 
Max. Temp. of Base: 65°C 

• WIDE VARIETY OF 
CURRENT RATINGS 

• ELECTRONIC SHORT 
CIRCUIT PROTECTION 

• FULLY REPAIRABLE 

• 7 STANDARD SIZES 
(OVER 450 MODELS} 

• PRICE 
RANGE $45-$225 

INSTRUMENTS: EEM ('63-64 Pg. 902) 
EBG (1 964 Pg. 462) 

POWER SUPPLIES: EEM ('64-65 Pg . 1341) 
EBG (1 963 Pg. 307) 

VOLTAGE STANDARDS: EEM ('64-65 Pg. 929) 

D YNAGE, inc. 
' 

390 CAPITOL AVE., HARTFORD, CONN. 
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Skin-deep junction 

The planar-annular varactor and its 
application to millimeter-wave 
parametric transducers. D.R Anderson , 
R.R. August, J.C. Ankland , R.L. 
Palmquist, and S.G. Plonski, Autonetics 
Research Center, North American 
Aviation Inc., Anaheim, Calif. 

Varactor technology now permits 
the design of practical parametric 
amplifiers operating in the milli
meter wavelength region. A new 
varactor of the planar-annular type 
allows the waveguide conductive 
walls to be brought closer to the 
diode junction. Thus, radio-fre
quency skin and parasitic losses 
are considerably reduced. 

Recent advances in photolithog
raphy and diffusion permit semi
conductor junctions comparable to 
the skin depth in the millimeter
wavelength region of operation. 
The varactor-diode depletion layer 
is imbcdded in a gallium arsenide 
or silicon chip underneath a planar
annular passivation layer of silicon 
oxide. The outside diameter of the 
annulus is 11 microns and the in
side diameter is 5 microns. Thus, 
the total path length of conduction 
through . the semiconductor to 
charge the depletion layer is 3 
microns. Normally path lengths of 
300 microns are common for semi
conductors operating at high fre
qtwncies. 

Tl1e short conduction path re
duces the spreading resistance and 
thus increase the cutoff frf'queney 
at reverse breakdown. Measure
ments at 15-millimeter wavelengths 
show that the zero-bias cutoff fre
quency for the silicon varactor is 
500 gigacycles per second. Calcu
lated cutoff frequency for the gal
lium-arsenide diode is 1,500 giga
cycles per second. 

The planar-annular varactor is 
fabricated from single crystals of 
tellurium-doped gallium arsenide 
and phosphorus - doped silicon. 
These semiconductor materials with 
carrier concentrations of 1019 

atoms/ cm3 and a mobility as high 
as 3,000 cm2 /volt-second are sliced 
in the 111 plane and are optically 
polished on one side only. A 4,000 
to 6,000-angstrom-thick layer of 
SiO:: is deposited on the polished 
slices by various techniques. 

The definition of the annular pat
terns in the SiO:: layer is accom
plished by photolithography using 
a special formulati on of either 
Kodak photoresists for negative 
images or Shipley' s photorcsists 
for positive images. To avoid dif
fraction problems, ultraviolet light 
is used to form the latent image. 
Following the normal photoresist 
development, a combin<ttion of hy
drofluoric, nitric, and acetic acids 
is used to etch th e annulus center 
hole through the SiO:: layer. 

To form the diode junction , a 
zinc diffusion in an ar<>enic-argon 
rich atmosphere is performed in 
the gallium slice through the etched 
hole. For a silicon slice, conven
tional boron diffusion i, used. 

Presented at the Electron Devices Conference, 
Washington, Oct. 29-31 

Data recording 

Silicon avalanche light sources for 
photographic data record ing. 
L.J. Kabell , Fairchield Semiconductor, 
Palo Alto, Calif., and C.J. Pecoraro, 
Fairchild Space and Defense Systems, 
Syosset, N.Y., division of Fa irchild 
Camera & Instrument Corp_ 

An all-solid-state photographic 
auxiliary data-annotation system 
has been designed incorporating 
a silicon light-pulser matrix. The 
data-handling and annotation sys
tem equipment is cle..;igned to serv
ice a complete reconnai ·sancc sys
tem consisting of photographic, 
radar and infrared s~·~tems . 

Emission of visib le ight from 
avalanching silicon p-n junctions 
has been studied b~· many workers 
over the past decade. Because of 
the relative inefficiency of this 
means of generating light, no prac
tical applications of the phen
omenon were rnacll' until 1960, 
when Fairchild Sem iconduc tor be
gan to market a silicnn light-pulser 
device for use in calibra ting nu
clear-event detection •;y ·tems . 

Additional investig~tion of the 
silicon avalanche light -;ourcc be
gan in 196.3 in con nection with 
computer memory J'l'-;l'arch involv
ing the recording of dig ita l data on 
photographic film. The resulting 
device structure is an integrated 
matrix array of ligh t pu lsers for 
data recording. In the device, the 
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Instant Graphic 

For the first time . . . ultra high speed and precision 
accuracy in binary graphic display! 660 inches/ second 
recorded at 40 lines/inch . Sweep information is 
amplitude measured to 15 microseconds or .010" 
against a grid generated at recorder. 

Simple, reliable Alden "flying spot" helix 
recording techniques- combine with M..FAX 
electro-sensitive paper to produce visible, in
formative " pictures" of sonar, radar, infrared 
and other instrumentation outputs. Pulse 
length, relative signal strength and timing are 
continuously integrated on a single real-time 
recording. Data from sampling arrays, time· 
base signals , scan or sweep sources are syn
chronized with the Alden '" flying spot" helix to 
present-as scale model " visual images"-ob
served phenomena, with new and essential 
meaning instantly revealed. 

Why? Because of 
EXCLUSIVE ALDEN FL YING 

SPOT RECORDING TECHNIQUES 

Resilient helix provides low inertia, constant 
electrode pressure over a wide range of re· 
cording speeds. Endless loop electrode deposits 
ions on the Alfax Paper when a signal appears 
on the helix. The electrode "blade" moves 
continuously to provide a freshening of its 
surface, for thousands of feet of continuous 
recording. Precision blade stops maintain pre
cise, straight-line electrode relationship to the 
resilient helix, while protecting paper sensitivity 
by acting as paper chamber seal-off. 

Alden "flying spot" recorders are available ..• 

• for anv recording speed from 8 rpm to 
3,600 rpm 

• with any helix configuration - linear 360° 
sweep - nonlinear - reciprocating -
multi -helix 

• in any record size - 2'', 5" , 8 11
, 11", 19" 

.. . to five foot widths 
• plus plug-in modular construction - inter· 

changeability with a high degree of flex
ibility and adaptability 

It's simple to get started. 

Alden "flying spot" Component Recorders, detachable 
drives, plug-in electronics, accessories are available 
to incorporate the Alden instant graphic recording 
techniques into your instrumentation. 

Circle 218 on reader service card 
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spectral distribution of the emitted 
light over the visible region, which 
approximates the radiation from a 
black body having a color tempera
ture of 2,500°, is achieved by fab
ricating a diffused structure that 
forces the avalanche breakdown to 
occur within a few tenths of a 
micron from the silicon surface. 

The light is emitted from a line 
source, which, in the matrix array, 
is 6 mils long and 0.3 microns wide. 
Despite low efficiency and low total 
output, enough light is emitted to 
expose moderate-speed film to 
saturation density in about one mil
lisecond. 

The data-recording format con
sists of a block of dots in a rec
tangular 32-by-6 matrix with dots 
spaced on 18-mil centers. As such a 
format precludes the use of in
dividual devices without optical 
systems, it was necessary to in
tegrate an array of 192 devices into 
a monolithic silicon chip. 

The solid-state record head is ex
tremely rugged because the con
struction yields a compact cube. 
The solid-state technique also pro
vides greater immunity from radio
frequency interference and vibra
tion effects encountered in military 
and other environments. 

Broadband design 

Integrated high-frequency d-c amplifiers. 
David Roy Breuer, TRW Space 
Technology Laboratories a division of 
Thompson Ramo Wooldridge, Inc., 
Redondo Beach, Calif. 

An integrated high-frequency lin
ear amplifier has several advan
tages over an amplifier consisting 
of discrete components. These in
clude high d-c accuracy over a 
wide environmental range, because 
of close matching of component 
characteristics and thermal inti
macy of all portions of the inte
grated circuit; higher bandwidths, 
because packaging capacitances 
are eliminated; exceptionally flat 
frequency response and almost 
ideal roll-off characteristics be
cause wiring reactances are mini
mal. 

These advantages are derived 
only after the inherent problems of 
integrated circuit design are re-

There's nothing so simple 
or satisfactory as record
ing with 

High-altitude weather data froni radar ceilometer is 
recorded instantly and vividly on ALFAX electrosen
sitive paper. 20-minute· chart segment shows returns 
to 30,000 feet. 

Progressive innovators are obtaining 
vital information never before possi· 
hie and often unsuspected in such 
fields as ... 
• LONG RANGE RADAR DETECTION 
As opposed to scope cameras, operator sees re
turns instantly, evaluates more rapidly, gets 
permanent record with increased sensitivity. 
• RADAR SAMPLING 
Tone shades keyed to signal intensity provide 
vivid "picture" of radar return even when bulk 
of data is gated out. 
• SONAR ACTIVE AND PASSIVE 
Unparalleled identification and location of re
turns even in poor signal to noise ratio through 
integrating capability of Alfax paper. 
• OCEANOGRAPHY 
High resolution capability, dynamic tone shade 
response with Alden recording techniques add
ing synchronizing ease provide "optimization" 
of underwater sound systems. 
• FREQUENCY ANALYSIS, SAMPLING AND 

REAl TIME 
Intensity modulation and frequency vs. real 
time provide continuous vital information with 
permanence and past history to achieve pre
viously unattainable evaluation. 
• SEISMIC STUDIES 
Dynamic response at high writing speeds yields 
discrete ~eological data at resolution never be· 
fore possible. 
• l:tlGH SPEED FACSIMILE 

W_!i_y? Because of 
ALFAX EXCLUSIVES 

• broad, dynamic response of 22 distinct tone 
shades 

• remarkable expansion at low level signal, 
where slight variation may provide critical 
information 

• records in the sepia area of the color spec
trum where the eye best interprets shade 
differentials in diminishing or poor light 

• writing speed capabilities from Inches per 
hour up to 1400 inches/second 

• captures 1 microsecond pulse or less 
• dynamic range as great as 30 db 
• integration capability for signal capture In 

signal to noise ratio conditions worse than 
1to4 

• resolution capabilities of 1 millisecond = 
1 inch of sweep 

• accuracy capabilities of few thousandths of 
an inch 

• sensitivity to match most advanced sensing 
devices 

By merely passing a low current through Alfax 
everything from the faintest trace signal of 
microsecond duration to slow but saturated 
signal can be seen instantly, simultaneously. 

AL FAX 

write for 
ALFAX HANDBOOK 

OF INSTANT 
GRAPHIC 

RECORDING 
PAPERS 

. ,. 
~ .. ~ C,00~ - .. ~ ~ 
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SHIZUKI 
CAPACITORS 

Injection Polypropylene Resin 
Molded Metallized lacquer Film 
Capacitors ( -30°( +85°C) 

50 volts D.C. Working unit: mm 

PJ;,:t.4~/50 1 ·o~~IF A B ~ J o p 
14.0 14.0 5.0 0.6 10.0 

PML-0.5 /50 0.5 µF 14.0 14.0 5.0 0.6 10.0 
PML-0.68/ 50 •0.68 µF 19.5 16.0 5_5 0.6 15.0 
PML-1.0 / 50 i •J.O µF 19.5 16.0 5.5 0.6 15.0 
PML-1.5 / 50 *l.5 µF 24.0 19.0 6.5 0.7 19.0 
PML-2.0 /50 2.0 µF 24.0 19.0 6.5 0.7 19.0 
PML-2.2 /50 •2.2 µF 24.0 19.0 6.5 0.7 19.0 
PML-3.3 / 50 •3_3 µF 30.0 20.0 7.0 0.7 25.0 
PML-6.8 / 50 •6.8 µF 31.0 23.0 10.0 0.8 25.0 

•STANDARD 

6506 <>lacquer Film Capacitors 0 Mylar Capacitors 
0 Metallized Paper Capacitors for Motor running, 

fluorescent ballasts 0 Noise 

(I) Suppression Capacitors O 
Ignition Capacitors 0 Minia· 
lure Electrolytic Capacitors 

SHIZUKI ELECTRICAL MFG. CO., LTD. 
HEAD OFFICE. TAISHA-CHO , NISHINOMIYA,JAPAN 

CABLE ADDRESS " CAPACITOR" NISHINOMIYA 
TOKYO FACTORY.10-7, ARAIJYUKU, OTA-KU, TOKYO 

Circle 144 on reader service card Circle 219 on reader service card 

SPECIAL OFFER: Reprints of Special Reports from Electronics 

Now, for your reference file-a complete set of Special Reports reprinted 
from the pages of Electronics in 1964. A total of 172 pages of valuable and 
informative articles combined in an attractive folder. The reports are individ
ually bound. The special discount price for the reports is $2.50 which 
includes both handling and shipping costs. Order now, using the coupon 
below. The following reprints are included in this offer: 

Electronic Telephone Switching 16 pages. 

Direct Digital Control in Industry 24 pages. 
Transistor Heat Dissipators 32 pages. 
Oceanography 15 pages. 
Magnetics 24 pages. 
Electronic Markets New Directions 1963-64·67 24 pages. 
Digital Instrumentation 16 pages. 
Modern Electronic Packaging 16 pages. 

Send your order to: Electronics Reprint Dept. McGraw-Hill Inc. 
330 W. 42nd Street, New York, N.Y. 10036 

1- - - - -- - - -- - - -- - - - - -- -- - - - - - - - - - - - - - -- - - - - - - -- - - - - - - - - - - - -- - - -- - -- -- - -- --- - - -- - -- ------- -- - -- ---- - ---- - - - - - -

' 
' 

::::'

l::::,: Reprint order form 
For reprints of feature articles or special reports fill in below: 

Send me reprints of Key No.(s) 

For prices and listing please see the reader service card. 

Send me complete set(s) of special reports listed above at $2.50 per set. 

at ___ _ ¢ each 

A-1 

I_ ~~::::::. __ :'.~·:":: ;L ~-:;;_:; _ ;;:;_ ;;_:;;_:;;LL;;;_:;;_:~_:;;_:;; __ ;;_;;_:: __ 
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Technical Abstracts 

solved. These problems are large 
absolute tolerances of passive dif
fused components, restricted range 
of component values, parasitic iso
lation junction capacitances, and 
lack of inductive reactances. Thin
film cermet structures have solved 
the resistor tolerance problem. The 
parasitic capacitance problem has 
been significantly diminished by 
using small-geometry components, 
thin-film resistors and optimized 
circuit organization. The lack of 
inductors and large capacitors has 
been compensated for by using 
proper circuit techniques. 

A survey and evaluation of inte
grable low-pass broadbanding tech
niques yield an optimum circuit 
configuration that consists of al
ternately cascading series-feed
back and parallel-feedback stages. 

The SP AF (series-parallel alter
nate feedback) technique is con
sidered optimum. The effects of 
parasitic capacitances are negli
gible because the collector imped
ance of each transistor in the 
cascade is low. The technique pro
vides maximum flexibility in meet
ing impedance requirements. 

The technique is implemented 
by imple straightforward design 
equations , it yields high gain for 
a given stability figure, and con
trolled bandwidth with roll-off 
characteristics independent of 
high-frequency instabilities. Only 
simple bias networks are needed. 

Two design examples demon
strate the capability of the inte
grated amplifier technique. The 
first design uses triple-diffused 
components; the second uses 
buried-layer epitaxial active com
ponents and thin-film resistors. 

The results of laboratory tests 
on the integrated high-frequency 
linear amplifier were: differential 
rnltage gain > 70.7; output rise 
time < 5 nanoseconds; delay time 
< 10 nanoseconds; common-mode 
rejection > 200 for I-nanosecond 
pulses ., and > 10,000 for d-c; 45-
milli\\·att power dissipation. 

Design equations and two de
sign examples are presented in the 
paper, with circuit diagrams, struc
tural and assembly drawings. 
Presented at the 1964 Western Electronics 
Show and Convention (Wescon) 
Los Angeles, Aug. 25-28. 
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- EMPLOYMENT OPPORTUNITIES 

PROFESSIONAL 

SERVICES 

GIBBS & HILL, Inc. 
Consulting Engineen 

871tem1 Enslneorlns 
Overatlom Research • Dnelopment 
Field 8tud1M • Detl1a • Procurement 

Power • Tnn1port1tlon • Communlc1Uon1 
Water Supply • W11t11 Tfl!latment 

393 Seventh Annue New York t. N. Y. 

PINPOINT your 
RECRUITMENT 
ADVERTISING 

to the Engineers 
and Technical 
Management men 

in the Electronics 
Industry 

When you need Enidneers
remember this fact: Elec
tronics serves thousands of 
engineers with the latest en
gineering developments and 
news of the electronics in
dustry. Engineers read Elec
tronics because its high cal
ibre editorial content is 
specially designed for them 
... that's why your Employ
ment advertising in Elec
tronics can pinpoint a most 
concentrated source of ex
perienced engineers. Your 
MOST DIRECT LINK to 
these qualified men is in 
the EMPLOYMENT OPPOR
TUNITIES section. F or more 
facts, of placement of your 
ad, 

For Rates and Information Write: 

Electronics 
A McGraw-Hill Publication 

Classified Advertising 
Division 

P.O. Box 12, New York 
10036 

Electronics I February 8, 1965 

hp associates 
Electrical Engineers 

Electrical Engineers, Physicists, Physical Chemists: PhD or equivalent, to 

carry out applied solid-state research and exploratory development in 

various highly advanced areas in semiconductor physics and technology, 

as well as related device physics, technology, engineering and applica

tions. Positions are available in the following specific areas of activity, 

some include technical supervision: 

• Physics and chemistry of semiconduct1>r surfaces 
• Injection luminescense and optical properties of materials 
• Transport and hot electron phenomena 
• MOS devices 
• Photo-sensors 
• Nuclear detectors 

An affiliate of: 

HEWLETT-PACKARD 
1501 Page Mill Road, Palo Alto, Calif. 

326-7000 extension 2361 

Call or send resume in confidence to: 

Professional Employment Manager 

An equ11l oppartunity emplo)'er 

A DDRESS BOX NO. REPLIES TO: Box No. 
Classified Adt'. Dir. of tllis publication. 
Snut to office nearest 11011 . 

NElV YORK. N. l '. 10036 : P . 0. Bom 1! 
CHICAGO, Ill. 60611: 61,5 N. M ic higan Ave. 
SAN FRANCISCO, Cal. 91, 111 : 255 California St . 

Sfll/NG OPPORTUNITY AVAILABLE 

RF CONNECTOR 

Sales Manager 
Unusual opportunity 

to gel in on ground floor 
of a growing business 

Must have specific 
applicable experience 

SALARY OPEN 

located New York City 

Submit resume lo 
P ·5980. Electronics 

Salesmen . . . Excellent add'I Income! Mfr. 
of precision engraved Dial s. Scales. Panels, 
Nameplates. If you call on OEM in Electron
ics and Industry, sell this lucrative sideline. 
Nationally advt. We quote on blueprints. 

Liberal comm. RW-5 967, Electronics. 

Class. Adv. Dlv . . P.O. Box 12, N.Y . . N.Y. lOOHG 

SELLING OPPORTUNITIES WANTED 

Manufacturers Rep Available in Los Angeles. 
Can provide complete coverage to increase 
your sales volume and improve your profit. 
Balboa Industries, 1533 6 Roscoe, Van Nuys, 

Calif. 

An Equal Opportunity Employer 

E. E.'s 
for FEE-PAID Positions 

WRITE US FIRST! 
Use our confidential application 
for professional, individualized 
service ... a complete national 
technical employment agency. 
ATOMIC PERSONNEL, INC. 
Suite 1207L, 1518 Walaut St.. Phila. 2, Pa. 

EMPLOYMENT PROBLEM? 
When you are in need of specialized men for specialized jobs. 
contact them through an employment ad in this publication. 

145 



SEARCHLIGHT SECTION 

CIRCLE 961 ON READER SERVICE CARD 

between Ch1cago
Milwaukee and West Coast 

CIRCLE 951 ON READER SERVICE CARD 

SMALL AD but BIG STOCK 
of choice test equipment 
and 1urplu1 electronic• 

Higher Quality-lower Co1t1 
Get our advice on your problem 

ENGINEERING ASSOCIATES 

\,.• .OVER2,000,000 

RELAYS 
IN STOCK! .......... , ... , .. u · •: ·Send for ca1alosi·ss>?•\?\j .tTNlN 

niversal RELAY CORP~ 
A7WHITE ST., N. Y.13,N.Y. • WAlke, S·HOO 

CIRCLE 955 ON READER SERVICE CARD 

E
l:N~E~~~~~R T•U~A~~El;:ls 

INIATURES • C.R.T. e T. W.T . e 5000-
6000 SERIES 

• SEND FOR NEW CATALOG A2 • 
A & A ELECTRONICS CORP. 

1063 PERRY ANNEX 
WHITTIER. CALIF. 

696-7544 

Cl RCLE 956 ON READER SERVICE CARD 

---SAVE ON DIODES---
If you use Germanium or Silicon Diodes in 
quantities of 5000 to a million, qet our low. 
low prices. Send specs or request samples. 

RULAND MANUFACTURING CO. 
WATERTOWN, MASS. 617-924-8000 

CIRCLE 957 ON READER SERVICE CARD 

SEMICONDUCTORS 1-----· 
MAJOR BRANDS 

INTERGRA,_T_E_D_C-IR_C_UiTS e DIF. AMPS DAR
LINGTONS • POWER DIODES & TRANSISTORS 
• SPECIAL DEVICES 

Write for Coro/og S-1 
SEMICONDUCTOR SALES OF CALIF. 

1063 Perry Annex Whittier. Calif. 
(213) 696-7544 

CIRCLE 958 ON READER SERVICE CARD 

ATMOSPHERE FURNACE 
Lindberg type R0 -30-tS· A electric atmosphere fur· 
nace. P urchased new 1962. All accessor ies incl. 
stee l cooling hood. complete st ruct ura l stee l frame
work assem bly and 5 T. motorized trolley hoist. 
Work space 30" in diameter: 48" high. Maximum 
temp. of 2200 F. Located on Lona Island . 

FS-5930. l·:IN'l IOlli(.'~ 
434 Patterson Road Dayton 19, Ohio 255 Calil'omia. St.. San Frand."'(:0, Cal if. !H.l l J 

CIRCLE 952 ON READER SERVICE CARD 
FREQUENCY STANDARDS 

AND MEASURING EQUIPMENT 

GENERAL RADIO 

CIRCLE 959 ON READER SERVICE CARD 

Watch-
Grou p I: :t l1038: 1112A : 1113AR: 1114A R 

Group 2: : 1106A: 11068 : llC7A ; 11088 ; 11098 
A ~ I eQ uipment is brand new. never used. in original 
carton. Will sacriflce. 

the Searchlight Section 
for 
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KAHN AND COMPANY, INC. 
P . 0 . Box 516. Hartford, Connecticut 06101 

203-529-86-13 
Equipment Opportunities 

OPTICS! SCIENCE! MATH! 

GIANT 148 PAGES 
Many on-the-job helps •.. Quality Control Aids! Write for this completely new, 
1965 Catalog . New items, new categories, new illustrations. 148 easy-to-read 
pages packed with hundreds of charts, diagrams, illustrations. A treasure-house 
of optical and scientific information . . unusual bargains galore. Optics for 
industry, research labs, design engineers, experimenters, hobbyists! Instruments 
for checking , measuring-to speed work, improve quality, cut production costs . 
We give you facts : what it is-how it works-where it 's used! 

COMPARATORS, MAGNIFIERS, MICROSCOPES 
Hard·to·get war surplus bargains-ingenious scientific tools-imported-domestic. 
Thousands of components : lenses, prisms, wedges, mirrors, mounts-accessories 
of a ll descriptions. Dozens of instruments : magnifiers, stereo microscopes, tele· 
scopes, binoculars, infra· 
red equipment, photo at
tachments. Shop by mail. 
No salesman will call. Use 
the Catalog of America ' s 
greatest Optics - Science 
-Math Mart. Known for 
reliability. Mail coupon 
below for catalog " EX". 
No obligation . 
EDMUND SCIENTIFIC CO. 

Barrington, N. J. 

I 
I 
I 

MAIL COUPON FOR FREE CATALOG "EX"! 

EDMUND SCIENTIFIC CO., Barrington, N. J. 

Please send FREE Giant 148-page Catalog ' EX' 

I NAME ...................•. ,, . .•• •• 
I I I ADDRESS . . . . . . . . . . . . . . • . . • . . • . . . . . . I 

L
I CITY ........ ZONE ...... STATE ....... I ________________ J 

CIRCLE 954 ON READER SERVICE CARD 

AUTOTRACK ANTENNA MOUNT 
360 dt"gree azimuth, 210 degree ele\•ation o;; \\ 1•1•p 
with better than 1 mil. a ccuracy. Missile n ·hwi1y 
accelt'ration a.nd slewing l'o.tes. Amplid'.'·ne and "' ' ' \ O 
('Ont rol. \Vill handle np to 20 ft. dish. Suppli i•11 
complete \\i1h control chassis. In s1ocl<-im111Pd ia 1i• 
<1eli\1Pry. lTsE'd world O\'Cr by NASA, USA!l~. 'l' Y l'E 
:\IP-Gl B . HCR -!;84. N I KE ,UAX mounts al :-o in 
:-.to<'k plui.; "'l'lt•ral airborne trackers. 

SCR 584 AUTOMATIC TRACKING RADARS 
Our .'iS4:i in like new t'<mdhion , ready to KO. anO in 
... tad\ for immediate delil't'.I''.\'. Tdra l for tel f'llt('ll'Y 
n•-;t>:in·h an<.l den•lopml'.'nt. missile traclting, ,;;at1•1lit t> 
11:l.t'kil1J.t. balloon tra<·kin g. Used on Atlantic :\1 i:-.,.ile 
Han ;.:t•. Pacifk ~fissile Uange, N .A.S . .-\. " 1111lops 
Is la nd .. \ .ll. :U .A. \Vrite us. Fully Desc. M IT Had. 
I .ab. S1•ries, Yo!. I, pps. 207 -210, 228, 284 -286. 
4'orn pl inst . Hk. tHail. $2!'l.00 C'&ch. 

PULSE MODULATORS 
MIT MODEL 9 PULSER 
1 MEGAWATT-HARD TUBE 
Omvut 2!) k,· 40 amp. Duty cycle .. 002. Pul se l f'ni.:1h~ 
. 2;i to 2 rn ino .. er .. \I ~ .5 to 5 micrOSE'l', and . 1 10 .J 
ml1·roi,;er. ll st.>s (jf'21. Jnout I1 5v GO cycle Af' . Mfr. 
nK f'omplf>t l' \\itb driver and high voltage p0wer sup
UI.' . Bf' f: ~nT Jlad . TAb. Serles. Vol. 5, PD~. l!i2 1110. 

SODKW THYRATRON PULSER 
Out put 22k'' 11t 28 amp. Hep. rates: 2. 25 rnil-1 o i.;cc. 
:~on lll> .... J.7 ,') 1ll"lt"'O ;,50 uos .. 4 mscc 2500 pps. 1·-:··-= 
."1C'22 ll\'1lroJ.Cen thyratron . Complete with drh·t•r :11ul 
hit-:h \Oltaw• power supply. Input JJ5v 60 <·~· .\f' . 

2 MEGAWATT PULSER 
011 1m1t :w In ;u iO :imp. Dutl' eycle .001. R e p rat• •.;: : 
I lllil' l'O'-f'C liOO DDS , 1 or 2 msec 300 PPS. Uses !5!1-1~ 
lndro1.;<'n 1hnatron. Jnpu t 120/ 208 VAC 60 <''.'l'le. 
)hr. Ct·:. 1·om1>lf'fC' with hhzh \'Olta ge DOWer s11 1Jtlh". 

15KW PULSER-DRIVER 
Bia..;t•d multhibrator OPE' pulse gen. u sing ::JE29. 0111 -
uut :~ k\ a1 !'i am1>. PulsP lgths .5 to 5 microsec. " 11..;ll'.'" 
acl i. to . 1 to .. l m..ec . Tnput 115v 60 cy AC. $.i7.l . 
Hef: )flT Ua <J. T..ab. Serles, Vol. 5, pps. 157 - llifl . 

MIT MODEL 3 PULSER 
Ou1p11t: 144 lrn1 (12 l\v at 12 amp.) Duty ra.tio : IJlll 
ma:\ . Pulse duration: .5, 1 and 2 miC'rosec. ln11111: 
I 1.) ' 400 10 2000 cPS and 24 vdc. $325 ea . Pull 
rle.,.c. Vol. a. MIT Rad . T.ab. series. pg. 140. 

25DKW HARD TUBE PULSER 
Outp11t 16 ln' 16 amp. duty c~·cle .002. Pulses can he> 
t'O<lNI . Uses !'iD21, 7J5C or 4PR60A. Input 115 ' 00 
1·,d~ at•. ilwl. 11. \ '. pwr snoply $1200 ea. 

5949 THYRATRON AGING RACK 
t,ompl. Chatham 1;:1ectronics Console incl. 15 kr 
l)j)\\'er ..;Upply & PF:\t's .. ~1800 . 

H.V. POWER SUPPLIES 
I) 12 k,· . 7~ amps nominal $1400 ea. 2) 22 lcv 100 
ma nominal $2200 ea. Std. 80 cycle tnouts. 

MICROWAVE SYSTEMS 
E-4 FIRE CONTROL SYSTEM 
Hughes ..\irt'rnft X Band. Complete. In stock. 

C-BAND RADAR 
2.30 KW output. ('-band , PPI Indicator, 5C22 thnn
non modulator .. .\ntPnna. hi gain pa.ra.bolic $('('tion. 
lnp111 11 5 volts 60 c:rclP .\ C, complete $27 !50.00. 

300 TO 240DMC RF PKG. 
:mo to 2-100 ~H ' ('W Tum~ab l e. Transmitter 1 o to :lO 
Wan-:. Outont. All new $47!'>. 

SOOKW "l" BAND RADAR 
tiOO Im' 1220-1359 mrs. 160 nautical. mile search 111111-:<' 
P . 1>. T. und .\ Sropes. l:tTI. thyratron mod. !iJ2fi 
mai.:nrt1nn. Co mpl <' t e s)·stem . 

PHILCO MICROWAVE LINKS 
l ' Barut :\l ir1owaH• T~ink trrminal bays and r• ' -
1><'1t1 PI' ha,·.;; in :-;toc· lc. ::'\' ew $1 500 each or $2500 p1•r 1>r. 

lOKW 3 CM. X BAND RADAR 
f 'ompl rte IU."" h C'ad inC'luding transmitter , re1·t>hf'r. 
modulator. Pl'(·s 2.142 magnet ron. Fully de~crihNI ln 
~fl'l' Had. l..::th Sf' l' if"~ Vol. I. oos. 616 -625 anrl VnJ 
II. IJlJ "= 171 - IR!'i ~:t1:;. Compl ete System $750. 

100-BODMC. CW SOURCE 
1.-.n \ \:1 11 ... l ' W 11011d11al out pu t I 15 V fiO Cy .\ C input. 
:..1rno. 
lOOKW 3CM. RADAR 
t 'omolet ~ JOO kw output airborne system with .\:\ITI . 
!'It '22 thn. mod . 4J!i2 maJmetron, PPJ. 360 d Pg az 
"i\\i'PJ> , 00 d1' M'. . elr,·. sweep, gyro stabilizer. hi -~a in 
rl'\r. f 'om1>ll'tt- with all plugs and cables. 

M-33 AUTO-TRACK RADAR SYSTEM 
X harHI wit h plotting board, automatic range u ·ac•l• 
in i.:. PH'. Complete with 1 megawatt acq . radar. 

4DO CYCLE SOURCE 
011 t1>ut: 115v 400 cycle 1 ph 21.7 amvs com. <1111y 
in1m1: 208v 60 cycle 3 pb. req, 30v do static exc. 
Xt•w. $:{25 ea. 

3KW RCA PHONE & TELEG XMTR 
2-30 MC. 10 Autotone channels plus MO. Input 220 
la<'. !i0/60 <'Ycles. 

CIRCLE 960 ON READER SERVICE CARD 
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New Literature 

Multilayer p-c boards. Melpar, Inc., 
3000 Arlington Blvd., Falls Church, 
Va ., 22046, has available a test
program report entitled " Multilayer 
Printed Circuit Boards Performance 
and Reliability." 
Circle 461 on reader service card 

Charge amplifier. Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, 
N.J. A miniature charge amplifier mea
suring only 0 .55 cu in. is described 
in bulletin ASl -112. [462] 

Digital voltmeter. Non-Linear Systems, 
Inc. , P.O. Box 728, Del Mar, Calif. 
A five-page bulletin describes a 5-digit 
digital voltmeter that will measure, 
average, or mathematically integrate 
voltages from ± 1 µv to ± 1,000 v. 
[463] 

Relays. Magnecraft Electric Co., 5565 
N. Lynch Ave., Chicago, Ill., 60630. 
An eight-page catalog covers 310 high
reliability relays stocked in quantity 
for immediate shipment. [464] 

Sweep generators. Telonic Industries, 
Inc., 60 N. First Ave., Beech Grove, 
Ind . A two-page, illustrated catalog 
sheet describes the model SV-14 
sweep generator for aligning f -m tuners 
and the SV-70 sweeper for testing and 
aligning uhf-tv tuners. [465] 

Switches. Licon Division, Illinois Tool 
Works Inc., 6615 W. Irving Park Road, 
Chicago, Ill. , 60634. Catalog G-102 
describes basic, illuminated and en
vironment-free switches with illustra
tions, engineering drawings and order
ing information. [466] 

Coaxial r-f loads. Sierra Electronic Divi
sion of Philco, 3885 Bohannon Drive, 
Menlo Park, Calif., 94025. A four-page 
brochure describes eight basic types in 
the model 160 50-ohm r-f coaxial load 
product family. [467] 

Four-layer diodes. National Transistor, 
500 Broadway, Lawrence, Mass., has 
available engineering application sheet 
E-506 on four-layer diodes. [468] 

Modular pushbutton switches. Micro 
Switch, Freeport, Ill. Data sheet 233 ex
plains how compact design, custom 
push-button switches can be built up 
from interchangeable modular units in 
the versatile new series 6 line. [469] 

Induction and synchronous motors. 
Globe Industries, Inc., 1784 Stanley 
Ave., Dayton, Ohio, 45404. Two-page 
bulletin E-3608 gvies dimensional and 
performance details on 115 v a-c, 
50/60 cps a-c induction and synchron
ous motors. [470] 

Nickel alumlnide coatings. Metco Inc., 
Westbury, N.Y. A four-page technical 
report tells how and where to use 
flame-sprayed nickel aluminide coat
ings. [471] 
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High-voltage capacitors. Aerovox Corp., 
New Bedford, Mass. A four-page bro
chure catalogs types 20, 25, 26 and 27 
high-voltage capacitors. [472] 

Pressure transducers. Aerospace Elec
tronics Division, Taber Instrument 
Corp., 107 Goundry St., North Tona
wanda, N.Y. An illustrated bulletin pre
sents the series 177 Teledyne bonded 
strain-gage pressure transducers . [473] 

Amplifiers. Melcor Electronics Corp., 
1750 New Highway, Farmingdale, L. I., 
N.Y., has available a pamphlet entitled 
"Amplifiers for Industry." [474) 

Pressure switches. Computer Instru
ments Corp., 92 Madison Ave., Hemp
stead, L.I., N.Y., has published a 16-
page catalog featuring a new line of 
precision pressure switches. [475] 

Dispersive delay lines. Anderson Lab· 
oratories, Inc., 501 New Park Ave., 
West Hartford, Conn., 06110. Form 
MSD 300 fully describes metallic strip 
dispersive delay lines that provide a 
linear function of delay versus fre
quency. [476] 

Film engineering, E. I. duPont de Nem
ours & Co., Inc., Wilmington 98, Del., 
has introduced a quarterly publication 
called "Film Engineering News" that 
will be distributed on request to prod
uct design personnel who use plastic 
films as engineering materials. [ 477] 

Electronic counter. Non-linear Systems, 
Inc., P.O. Box 728, Del Mar, Calif. A 
four-page brochure contains details on 
a 2-Mc electronic counter that will 
measure frequency and frequency ratio, 
totalize pulses, and measure waveform 
periods and averaged periods. [478) 

Ultrasonic testing instruments. Magna
flux Corp., 7300 W. Lawrence Ave., 
Chicago, Ill., 60656. A new series of 
pulse ultrasonic testing instruments for 
detecting internal and surface flaws is 
illustrated and described in a two-page 
bulletin. [479] 

Coaxial cable assemblies. Technical 
Accessories Co., Box 343, Metuchen, 
N.J . Coaxial cable assemblies available 
for use with microwave, pulse and video 
frequency equipment are listed in cata
log CCA-1. [480] 

Automatic switching time test system. 
General Applied Science Laboratories, 
Inc., Merrick and Stewart Avenues, 
Westbury, LI., N.Y., has published a 
four-page brochure on the model 
AST-2-A automatic switching-time test 
system for high-speed sorting of trans
istors. [481] 

Pulse transformers. The Gudeman Co., 
340 W. Huron St., Chicago, Ill., 60610, 
has available an engineering bulletin 
describing pulse transformers for scr 
applications. [482] 

5-sonne 

coaxilube 
50-ohm Semi-flexible 

Air-Dielectric Coaxial Cable 
This new Precision product is a unique 
semi-flexible coaxial cable for low-loss 
RF transmission. Five linear splines of 
Teflon·support the center conductor 
within a seamless aluminum or copper 
tube-achieving essentially an air-di
electric coaxial cable, light in weight 
and mechanically strong. Can be sup
plied with a jacket of vinyl or Teflon. 
Let's discuss how you might use it. 
•Du Pont Trademark 

Precision 

Standard 

Adapters 
with 

Connectors 

With this special adapter designed by Pre
cision's engineers, Coaxitube can be termi
nated in standard UG connectors-with no de
viation of electrical characteristics. 

YOUR BEST DECISION: 

RECISIDN 
TUBE COMPANY, INC. 

N'Orth Wales, Pa. 
Phone: (215) 699-4806-Telu: 083·381 

Circle 147 on reader service card 147 



FROM RFD: THE NEW LOOK IN MICROWAVE ENERGY DEVICES 

We can't help bragging about the LS 5101. Shown above in 

its actual dimensions, this oscillator spans the 1.0 to 2.5 gc 

frequency range, yet it can be precisely tuned with a single, 

18-turn adjustment. 

SINGLE CONTROL 
Designed for use in signal sources, frequency standards, spectrum analyzers and sig

nal references, the LS 5101 matches wide range performance with long life ( 1000 hours, TUNING ... 
minimum) and maximum immunity to shock and vibra

tion. Power output is 50 mw where Ep = 50 v, or 10 mw 

where Ep = 10 v ... across the entire band. Frequency OVER MORE THAN 
resolution is better than 20 kc, shaft concentricity is less than .005", and RFD's AN OCTAVE exclusive TEl\ilLOC® temperature compensation assures highest order tempera-

ture stability without thermostat metal. 

The LS 5101 reflects the advanced features and specs characteristic EXCEPTIONAL FEATURES AND 
of the entire line of RFD oscillators, already performance-proven in 

L-, S-, C-, and X-Band military and space applications. Check the listing of repre- VERSATILITY IN AN 
L-BAND CW OSCILLATOR 

scntative RFD oscillators below. And remember, if there is no stock item 

matching your exact needs, we will design one-swiftly and economically. 

148 

Dimensions 
RFD Output ( Less Projections) 
Model # Frequency (GC) Type• (Minimum ) Length Diameter 

LC 1301 I. 7 10-1. 770 cw 1.6 w 2 5!" %" 
LC I-+02 ). 700-1. 7-+0 cw IO w 3%" l'h" 
LS 5101 J.0-2.5 cw 50 mw 6W' l " 
SC 1102 2.6-3.2 cw 50 Jn\V 3 .,7w" I " 
cc 2103 3.9--+.-+ cw 20 mw 3\.f!'' %" 
cc 2101 -+.0-5.0 CW 20 lll\V 2 H" %" 
cc 1101 5.0-6.0 cw 5 mw 2 .}'J " %" 
cc 1102 5.0-6.0 CW 10 mw 2 }," %" 
CG 5-+0I 5.-+-5.9 GP 50 w 2" ¥!"' 
XC 1101 8.5-9.6 cw 3 mw 2H "' %" 

• CW = Continuous Wave GP = Grid Pulsed 

For additional information, please write: 

RFD, INC. 
(Subsidiary of Aero Geo Astro Corporation) 

1501 West Cass Street • Tampa, Florida • Telephone: 253-0637 

Circle 148 on reader service card 

{' "'"" ".,) D ou bler: Standard 
UG-30/ U llange by 
l " high 
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Great Britain 

Computer outlook 

To computer makers, Britain has 
long been a market that never at
tained its rich potential. Now therc 
are strong signs that that potential 
is becoming a fact. 

In mid-November there were 
8.52 electronic computers installed 
in the British Isles; near the end 
of January the total exceeded 1,000. 
In November, computers on order 
totaled 267; this figure rose to 400 
last month . In all, that's a 2.5% 
increase in just 10 weeks. 

The new Labor government of 
Prime Minister Harold " ' ilson , 
setting the tone, has announced it 
will double the number of com
puters in government use hy 1970 
-to 104. But that's stil l small beer, 
as the British put it, compared with 
the 1,700 computers available to 
agencies of the United States 
goverment. 

Slow start. Britain moved into 
the computer age slowly. In com
puter installations she still trail s 
'Ves t Germany and France; in dol
lar volume of computers she also 
lags behind Italy, according to 
Computer Consultants , Ltd., a 
publisher of several periodicals de
voted to the computer industry. 

Now she is painfully aware that 
she needs to increase production 
and exports, and that this cannot 
be done without making her in
dustry more efficient [Electronics , 
Nov. 2, p. 119]. 

All of this bodes well for British 
computer companies. 

New World ties. For U.S. com
panies, there arc still two difficult 
problems to overcome: Britain's re
luctance to enlarge her $2.l billion 
balance-of-payments deficit - the 
excess of debts abroad over credits 
abroad-and a growing resentment 
against domination of Britain's 
computer market by U. S. firms. 

The payment gap is considered 

a result of the slow pace at which 
British industry has modernized. 
Yet the obvious n •mcdy-automa
tion with computers-would send 
still more money abroao. Even 
British-based computer companies 
import many components and ma
terials. In the first seven months of 
1964, for example, Britain imported 
$.32 million worth of punched-card 
inputs for computers while export-

Sir Gordon Radley, chairman of 
English Electric Co. Is there a 
Spectra 70 in his future? 

ing only $15 million worth of input 
machines. 

Competition. A survey last year 
showed that 40% of the computers 
in Britain were either imported 
from the U.S. or manufactured 
under license with an American 
company. This figure is expected 
to grow; of the 267 machines on 
order near the end of 1964, 49% 
were U. S. models. 

One computer out of every four 
in Britain was supplied by the 
International Business Machines 
Corp. IBM already has received 
orders for nearly 200 of its System 
360 machine in Britain. 

But IBM ranks second in Britain , 
closely trailing International Com-

puters & Tabulators, Ltd., an Eng
lish company with close ties to tl1e 
Hadio Corp. of America. ICT made 
about .30% of the computers in 
operation in Britain today, and has 
orders for 120 more machines 
valued at 84.S million. 

Strong base. ICT has built a 
strong base in Britain. In the past 
few years it has acquired the com
puter act ivities of E~ll Electronics, 
Ltd., and the data-processing busi
ness of Ferranti, Ltd. ICT has 
20,000 employees. 

The British company sells the 
HCA 301 computer, named the ICT 
1500. ICT isn't likely to add HCA's 
Spectra 70 line, however: as its 
reply to the Sys tem 360, the British 
concern has introduced its 1900 
series of modular machines. The 
1900 is a modification of the FP 
6000, developed by Ferranti-Pack
ard Electric, Ltd. 

ICT also sells the Univac 1004 
in Britain. Univac is made bv the 
Sperry Rand Corp. , 

Outlet for RCA. If HCA invades 
Britain with its Spectra 70, it " ·ill 
probably be through English Elec
tric Leo Marconi Compute1:;, Ltd., 
a subsidiary of the English Electric 
Co. English Electric manufachll'es 
the HCA 501 and sells it under Lhe 
des ignation KDP 10. English Elec
tric' s own principal computers are 
the small KDN 2, for industrial 
control, and the Myriad. a unit 
smaller than a desk. 

Through the Marconi Co., 
another subsidiary, English Elec
tric has also been developing in
tegrated-circuit computers. 

Elliott-Automation, Ltd., has a 
working arrangement with the Na
tional Cash Hegister Co. in the 
U.S. :\'CH exploits the data-proc
essing applications for which Elliott 
makes the machines. Elliott has 
been successful with a small ma
chine, the 803, and is now offering 
a larger, faster version. 

The only other major British pro
ducer is F erranti, which now con
centrates on process control. 

Other British companies supply 
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U.S. machines. Associated Elec
trical Industries, Ltd., sells the 
General Electric Co.' s process
control computers and Machines 
Bull, Ltd., offers GE data systems. 

Surcharge may cease. For the 
other U.S. companies active in 
Britain, there's also the tariff prob
lem. Britain has long maintained a 
16% tariff on computers; recently 
the Labor government added a 
15% surcharge that is expected to 
be lifted early in the summer. 

Besides those mentioned, major 
U.S. computer companies active in 
Britain include Honeywell, Inc .. 
the Burroughs Corp., Packard-Bell 
Electronics Corp. and Litton In
dustries, Inc. 

Electronics in court 

Since 1949, the Western Electric 
Co. has collected $4.2 million in 
royalties from British users of its 
basic transistor patent. That in
come is now ended. 

The High Court of Justice has 
refused to renew Wes tern Elec
tric' s patent. The verdict, handed 
down Jan. 11, is beyond the reach 
of any appeal. However, Vlestern 
Electric still holds patent rights to 
significant improvements to the 
transistor. The company will con
tinue to receive royalties on these 
later patents, which include de
vices such as alloy-junction tran
sistors, silicon planar epitaxial 
transistors and widely used tran
sistor circuits. 

Wes tern Electric is the manufac
turing arm of the American Tele
phone and Telegraph Co. The tran
sistor was invented in 1948 by 
three physicists - John Bardeen, 
Walter Brattain and William Shock
ley-at AT&T's research facility, 
the Bell Telephone Laboratories. 

Industry cheers. Britain's elec
tronics industry is jubilant. The 
savings won't be great-about 
0.2% on a transistor for a radio
but the English cheer any loosen
ing of United States control of 
British industry. 

G. 0. Stanley, chairman of Pye 
of Cambridge, Ltd., adds: "It ap
pears unlikely that remaining pat
ents on transistor applications will 
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be extended at the end of their 
normal term" of 16 years. 

Pye led a 12-company group in 
the court fight against Wes tern 
Electric. The British concerns were 
joined by the Scientific Instrument 
Makers Association and by Inter
national Computers & Tabulators, 
Ltd., Britain's largest manufacturer 
of computers. 

Rights in U.S. AT&T's revenues 
from its basic transistor patent in 
the U. S. ended nine years ago. In 
a consent decree in a government 
antitrust suit, on Jan. 24, 1956, the 
company made all existing patents 
up to that date available to appli
cants without any royalty. Later 
patents must be made available 
for a "reasonable" fee. 

The U. S. court made this con
cession to the world's biggest cor
poration: any company that de
mands a license from AT&T must 
in turn offer use of its own patents 
in the communication field. 

High price of research. Western 
Electric told the British court that 
research and development on the 
basic transistor cost $420,000 up 
to the time of application for the 
patent. But as transistors became 
successful, and as new applications 
were found, the company said it 
spent about $168 million in subse
quent R&D, half of it since 1961. 

The court had to decide, basi
cally, whether the royalties were 
fair in terms of the company's in
vestment. The answer was "Yes.'' 

Hong Kong 

One up, one down 
Transistor-plant tally: add one fac
tory, scratch one prospect. 

Microelectronics, Ltd., was 
founded by Frank Yih, who devel
oped a low-cost method of pack
aging in epoxy when he worked for 
the Fairchild Camera & Instrument 
Corp. When he formed his own 
plant, Yih took along five techni
cians from Semiconductor, Ltd., 
Fairchild's subsidiary in Hong 
Kong. 

Yih, a graduate of the Massachu-

setts Institute of Technology, has 
his hands full competing with Fair
child. He's probably happy that 
another big potential rival, the 
Hughes Aircraft Corp., has can
celed plans to manufacture semi
conductors in Hong Kong. 

Show biz. Like Semiconductor, 
Ltd., Yih's company will concen
trate on components for the enter
tainment field. The new company's 
line consists almost entirely of sili
con devices; Fairchild is gradually 
replacing its germanium semicon
ductors with silicon units. Yih says 
Japanese companies arc still new 
in the silicon field and have not yet 
mastered modern production tech
niques. 

Yih's plant occupies 23,000 
square feet on the two top floors 
of a six-story building. There 60 
employees are producing 10,000 
components a month. By midsum
mer, when 150 workers are ex
pected to h1rn out half a million 
units a month, Yih plans to occupy 
the entire building. 

So far the new company has 
spent $500,000, obtained entirely 
from local businessmen of Chinese 
descent. It will take that much 
again to bring the plant to full 
capacity, Yih figures. 

Higher pay. By Hong Kong 
standards, Yih pays well-$7 to 
$8 a week compared with an aver
age of $6.50 for factory workers. 

Microelectronics, Ltd., has im
ported 10 lead-bonding machines 
and eight diffusion furnaces from 
the United States. Eight more fur
naces are on order. Yih says he has 
four major U. S. suppliers of dif
fused chips. All wire, screws, nuts 
and other parts are imported from 
the U.S. 

Fairchild employs 1,500 girls. 
The company imports wafers from 
the U.S. and fabricates them into 
resin-seal transistors. The Hong 
Kong subsidiary is building a mod
ern 11-story factory and plans to 
increase its output. 

U.S. firms' activity. Hong Kong 
is attracting an increasing number 
of U.S. concerns. 

Ferrotec, Ltd., a subsidiary of 
the Ampex Corp., manufactures 
core arrays for computers. The Oak 
Electro-Netics Corp. has moved its 
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television tuner operation from Ja
pan to a 45,000-square-foot factory 
in Hong Kong that is expected to 
cost $1 million by the time it's fin
ished at the end of 1965. 

Japan 

More expansion seen 
Among the world's advanced coun
tries, Japan's economic growth last 
year was the highest, 12.5%. The 
electronics industry's climb was 
16.5%, compared with 10.3% for 
electronics in the United States. 

This year Eisaku Sato, the new 
premier, is worried about inflation, 
mounting inventories and a rise in 
bankruptcies. He wants to hold 
total growth to 8% over 1964. Still, 
electronics output will rise 14.5%, 
according to the Electronic Indus
tries Association of Japan. The U.S. 
electronics industry, in contrast, is 
expected to expand only 2.13% 
[Electronics, Jan. 11, p. 88]. 

If the forecasts hold true, Japan's 
electronics production would climb 
to $2.55 billion, or 14.48% of the 
U.S. total of $17.6 billion. Last 
year, Japanese electronics output 
was $2.22 billion, or 12.9% of the 
$17.2 billion in the U.S. 

Concern about consumers. Sato 
seems particularly concerned about 
consumer electronics, which com
prises 42 .. 5% of the Japanese in
dustry. That's why the association 
bases its 1965 estimate for that 
category on demand instead ot pro
duction. It hopes this will discour
age overproduction and subsequent 
price-cutting. 

The biggest consumer item is ex
pected to be television, with pro
duction valued at $500 million, up 
7% from last year. Fewer sets will 
be sold, but they'll be bigger and 
more expensive; 100,000 of them 
will be color, accounting for sales 
of $39 million. Exports will con
tinue to rise, to $1.2 million from 
$900,000 last year. 

The number of radios produced 
will increase 11 %, but sales will be 
up 15%; the difference is due to an 
increase in f-m receivers and in the 
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Dice-handling machines are used in 
producing germanium transistors at 
Tokyo Shibaura Electric Co. 

quality of radios exported. 
Other big boosts in consumer 

electronics this year: tape record
ers, up .31 % to $158 million; radio
phonographs, up 22% to $110 mil
lion. 

Computer gain. In industrial 
electronics, the largest gains will 
be in digital computers. Domestic 
output is expected to climb 25% to 
$83.3 million , exceeding imports 
($56 million) for the first time. 

Process-control equipment is ex
pected to register only a 6% gain, 
to $103 million, after last year's 
phenomenal 83% climb. One rea
son for the slowdown in expansion 
is overcapacity in production facili
ties for many synthetic fibers. 

Testing and measuring equip
ment will rise 10% to $54 million 
in sales. 

Communications. Traditional 
communications will rise 12% to 
$67 million. But other wireless 
equipment-radar, sonar, loran
will score a 17% gain to $37 mil
lion. Both kinds of communications 
gear arc finding increasing use in 
shipbuilding, broadcasting, and in 
commercial vehicles such as taxis. 

Production of telephone and tele
graph equipment is expected to rise 
18% to $360 million. For the first 
time, this category includes data
transmission gear, still only a $14 
million industry but expected to 
grow rapidly. 

Electronics Abroad 

Africa 

New tv networks 

While politics is delaying the ar
rival of television in South Africa 
[Electronics, Jan. 11, p. 209], two 
North African countries, Algeria 
and Morocco, have ambitious plans 
that could result in new markets 
for electronics companies. 

Algeria is seeking bids for an 
entire system to replace her 10-
year-old tv network. The system 
would cost about $7 million, and in
clude a 625-line scanning setup 
with f-m sound, also seven or eight 
microwave relay stations between 
Algiers , Oran and Constantine 
along the Mediterranean coast. 

U. S.-French rivalry. The Social
ist government of President Ahmed 
Ben Bella has opened the bidding 
to all comers. Besides French com
panies, at least one United States 
concern-the Radio Corp. of 
America-is anxious to do more 
business with Algeria. 

The new country's 25,000 tv re
ceivers are now served by the 625-
Jine system that's standard for all 
of North Africa including the 
United Arab Republic. Thirteen 
African countries have tv so far. 
In all of Africa, tv is government
owned. 

Bound for Morocco. Morocco be
gan using a new 10-kilowatt trans
mitter Oct. 28 to serve the Casa
blanca area. The equipment, made 
by the Compagnie Generale de 
Telegraphic Sans Fil (CSF) in 
France, replaces a one-kilowatt 
transmitter that has been put on 
standby service. 

A microwave network is being 
completed by CSF between Tan
gier, at the Straits of Gibraltar, 
and Rabat, 200 miles down the 
Atlantic coast. Casablanca is al
ready linked with Marrakech, 150 
miles to the south, by an Italian
built microwave system. In the rest 
of the country north of the Atlas 
Mountains, rebroadcast transmit
ters are used. \Vhen these improve
ments are made, Morocco hopes to 
expand ownership of tv sets far 
beyond the present 16,000. 
Enter Eurovision. Eurovision is al-
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Model CS-151 

GYRO TORQUER SUPPLY 
• Ultra Precision Current Source 
• DC and/or AC 
• Programmable 
• All Silicon/ Solid State 

For testing and measurement of gyro torquers, 
zener, reference diodes, magnetic components, 
other current sensitive devices. 

• Superior performance at low currents 
• Current Range is 0.1 µa to 10 ma 
• Regulation 0.0005% 
• Resolution 1 part per million 
• Stability 10 parts per million 

In use by leading companies for gyro torquer 
supply, component reliability testing, calibra
tion, reference zener testing. 

Also available Model CS- 152 with a 
current range of 0.1 ua to 150 ma. 

~t :t:· .·.. NORTH HILLS f't:R ·'''''·''· ELECTRONICS, INCORPORATED 
~~-

GLEN COVE. L .I , . N . V. OR101~ 1·5700 

Circle 221 on reader service card 

60 cps Precision 
SERVO REPEATER 

' type 847A 

• Follows 60 cps, 3-wire 
synchro data 

• Power required, 117V, 
60 cps 

• Solid state, modular 
package 

• 400 cps models 
available 

WRITE FOR CATALOG 
Catalog lists 

off-the-shelf ovoilobility 
of servo amplifiers, 

e packaged servo systems, 

~ INDUSTRIAL CONTROL 
\:° COMPANY 

CENTRAL AVENUE AT PINELAWN 
FARMINGDALE. L I, N Y • MYRTLE 4 3002 
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Electronics Abroad 

ready received in North Africa. A 
link runs from a station at Perpig
nan, near the French-Spanish bor
der to Mallorca in the Mediter
ran~an. The signal is then relayed 
to Algeria. Another link is planned, 
across the Straits of Gibraltar. 

Tunisia's government has asked 
the United States for funds to build 
a tv station, but so far there has 
been no commitment. Tunisian tv 
now consists of a broadcast trans
mitter that picks up Italian tele
casts and sends them to the hand
ful of sets in the Tunis area. 

Senegal is getting educational tv. 
The United Nations Educational, 
Scientific and Cultural Organiza
tion (Unesco) is supplying two 
vidicon cameras and a small video
tape recorder for the half-kilowatt 
station in Dakar. 

Made in Britain. Farther south, 
the only other French-speaking 
countries that have tv are Daho
mey, the Ivory Coast and the Re
public of the Congo. At Brazzaville, 
the Congo-adjacent to the strife
torn, Belgian-speaking country of 
the same name-operates a half
kilowatt system made by Pye Tele
communications, Ltd., in Britain. 
Pye also has sold stations to Liberia 
and Sierra Leone, English-speaking 
countries on Africa's west coast. 

Elsewhere in Africa, Nigeria has 
four tv transmitters, three made by 
RCA and one by Marconi Instru
ments, Ltd., of Britain. These serve 
different provinces with different 
programs. There are also stations 
in the Sudan, Kenya and Southern 
Rhodesia. 

The computer age 
Computers also arc makin~ in

roads in Africa, as shown by recent 
IB~ I installations. 

The Nigerian Hailroacl has the 
first computer-an IB~l 1401-to 
be programed and run entirely by 
black Africans, according to the 
International Business ~fachin"S 
Corp. It's used for accounting, in
ventory control, maintenance con
trol and similar tasks. 

IBM also has installed electronic 
data-processing facilities at Ethio
pian Airlines and South African 
Airlines, the Development Bank of 
Senegal in Dakar, and at the Bank 

of Ghana in Accra, the capital. 
At the Liberian-American-Swe

dish Mining Co. in Liberia, data is 
transmitted and processed at Port 
Buchanan by an IBM 1401 from an 
ore mill 200 miles inland. 

West Germany 

Cairo calling 

A new wave of German engineers 
is heading for the United Arab 
Republic. This group is largely 
American-trained, younger and ap
parently better educated in modern 
technology than earlier arrivals 
from the Federal Republic. 

Israel, whose destruction is the 
UAR's avowed aim, has been pro
testing to Bonn about ¥lest Ger
man engineers flocking to Cairo to 
work in rocketry, aviation and elec
tronics. As a result of talks between 
Bonn and Tel Aviv, about 120 en
gineers returned to Germany from 
Egypt late in 1964 [Electronics, 
Nov. 30, p. lll]. 

Fighter's phase-out. Early this 
year, Litton Industries, Inc., dis
missed many engineers at its 
German subsidiaries. Bonn had 
curtailed production of F-104 Star
fightcrs and seemed uncertain 
about future weapons systems. 
Production of the LN-3, Litton's 
inertial navigation system for the 
fighter plane, was nearly com
pleted. 

Egyptian agents quickly sought 
out the jobless engineers. They 
olfc·red them three- to five-year con
tracts at $900 a month and more, 
double the going rate in \Vest Ger
many. By the end of January, 60 
Germans had accepted. Most of 
the German engineers had worked 
on the navigation system at Litton's 
plant in Frciburg in Breisgau. Some 
had received special training at 
Litton's headquarters in Beverly 
Hills, Calif. About a dozen others 
now in Egypt had worked on air
frames for the F-104 in Bavarian 
plants. 

Capital comment. The W est Ger
man government has been told by 
its Cairo Embassy that it's prac
tically impossible to contact Ger-
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man engineers who are employed 
by Egypt. A Bonn spokesman says 
it's doubtful that the government 
can do anything about the de
partures. 

United States Embassy officials 
in Bonn, who had discussed the 
situation openly a few weeks ago, 
are now answering questions with 
"No comment." 

France 

Europa's pl ight 
Serious doubt has arisen whether 
Europa I, a proposed six-nation 
satellite project, will ever get off 
the ground. The reason, in a word, 
is money. 

In 1962, when the European 
Launcher Development Organiza
tion was formed, Europa's cost was 
put at $200 million [Electronics, 
Nov. 30, p. 112]. Now the figure 
has skyrocketed to about $400 mil
lion. 

At two recent meetings in Paris, 
the six countries-Belgium, Britain, 
France, Italy, the Netherlands and 
West Germany-discussed Euro
pa's future. It may be significant 
that no communique was issued 
when the delegates went home. 
There are reports that technolog
ical changes are still being con
sidered. 

Born in Britain. Europa was born 
in Britain. When her Blue Streak 
rocket failed to gain acceptance in 
the vVcstem military establishment, 
Britain proposed using it to launch 
an all-European satellite. The par
ticipants agreed to use the Blue 
Streak for the first stage. France is 
working on the second stage and 
' Vest Germany on the third. Italy 
is developing several experimental 
satellites, and the Belgians and 
Dutch are in charge of the elec
tronic systems. 

Some members of the group, no
tably France, believe that Europa, 
if it's to be continued at all, should 
be made more sophisticated. But 
some smaller countries, already 
alarmed at the swelling cost, are 
questioning the wisdom of creat
ing an all-European system when 
adequate launchers can be bought 
more cheaply in the United 
States. 

Electronics I Februa ry 8, 1965 

PRECISION CONTROLS 

II 

4 CT Controlling Temperature 
in the Klystron to ± 0.l F 

When the demand 
is for +0.1°F accuracy ... 

RELY ON Lf 0 FOR TEMPERATURE CONTROL 
No other device so small can match the performance of the new 
KUXON " 4CT Solid State Proportional Temperature Controller 
in electronic systems that demand stabilized temperatures. 
Th is 70-gram package utilizes a magnetic amplifier and a silicon 
controlled rectifier to supply proportionally controlled power from 
zero to maximum output of 350 watts at 150°F . A thermistor 
sensor (surface element or immersion probe) provides the control 
signal. Since there arc no moving parts, reliabi lity is high. In fact, 
the 4CT passes all applicable environmental tests of MIL STD 202. 
For example: 20G vibration, l OOG shock, 50G acceleration. 
Adjustable over 75 °F, this rugged controller is available with 3 amp 
capacity for 60 cycle or 400 cycle, 1 l 5 v-ac circuits. Calibration 
range is -65 °F to 600°F. Response time is within one cycle of 
line frequency. For complete information about the KLIXON 4CT 
Proportional Temperature Controller, write for Bulletin PRET-10. 
We'll also send you the "Tunnel of Horrors" booklet telling how 
we test our EHR (extra high reliability) thermostats. 

METALS & CONTROLS INC. 
50 02 FOREST ST .. ATTLE B O R O. MASS. 

A CORPORATE DIVISION OF 

TEXAS INSTRUMENTS 
INCORPORATED 
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Investment Opportunity 
The skills he's learning today he will someday put 
to use for you. 

But it is going to take a substantial investment 
before the strides he takes will be sure and swift and 
strong. An investment of time, of love, of money 
and thought. 

You have a stake in that investment. 
You can protect it by joining with other leading 

American businessmen to promote the Treasury's 
Payroll Savings Plan for U. S. Savings Bonds. The 
Treasury Department's Plan encourages habits of 
prudence and diligence and responsibility that are 

the most valuable currency of a free society and a 
free economy. 

When you bring the Payroll Savings Plan into 
your plant-when you encourage your employees 
to enroll-you are investing in the skills of tomor
row's workers. In the energy and ability of youth 
that is our real wealth. You are investing in Amer
ica's future. In freedom itself. 

Don't pass this investment opportunity by. Call 
your State Savings Bonds Director. Or write today 
to the Treasury Department, U. S. Savings Bonds 
Division, Washington, D. C. 20226. 

1.·~·M·~~. 
~"c•'"~IJ' 

In your plant .•. promote the PAYROLL SA~INGS PLAN for U.S. SAVINGS BONDS 
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This secondary offering of Common Stock is being sold by 
a group of investment dealers, including the undersigned. The 

offering is made only by means of the official Prospectus. 

~ 350,000 Shares 

George A. Philbrick Researches, Inc. 
~ Common Stock 

$1.00 Par Value 

Price $16.50 per Share 

You are invited to ask for a Prospectus describing 
these shares and the Company's business. Any of the 

underwriters, including the undersigned, who can legally offer 
these shares in compliance with the securities laws 

of your State will be glad to give you a copy. 

Paine, Webber, Jackson & Curtis 

Glore, Forgan & Co. Goldman, Sachs & Co. Hornblower & Weeks-Hemphill, Noyes 

Stone & Webster Securities Corporation White, Weld & Co. 
ln""J)Onttd 

American Securities Corporation 

Francis I. duPont, A. C. Allyn, Inc. 

Clark, Dodge & Co. Dominick & Dominick, 
lncorpor.ttd lncorponited 

Estabrook & Co. Goodbody & Co. 

Hayden, Stone E. F. Hutton & Company Inc. W. E. Hutton & Co. 
lncorpor1ttd 

W. C. Langley & Co. Lee Higginson Corporation F. S. Moseley & Co. 

L. F. Rothschild & Co. Shearson, Hammill & Co. Tucker, Anthony & R. L. Day 
lncorpor•ttd 

G. H. Walker & Co. 
lncorpor•ted 

lanuary 28, 1965. 
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Reprints From Electronics 

Now In Time For the 

IEEE Show!" 

Editorial reprints of technical articles from Electronics, 
carrying your companies merchandising message will 
make ideal handouts at the IEEE show. 

Any article in this issue, or past issues of Electronics 
can be reprinted along with your companies message at 
your request For complete information on price and 
delivery write to: Electronics, Reprint Department, 330 
West 42nd Street, New York, N.Y. 10036. Telephone: 
Area code 212 971-3140. 
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This is the Brush Mark 200, Series 17 0 7 

... and so is this ... and so is this 

It's the only custom-built recorder that's standard 
Your choice of combinations is almost infinite ... with 
this new generation of the pace-setting Mark 200. Now 
you can eliminate "special" engineering time and costs. 
You speci fy your recording requirements. Then Brush 
quickly meets them with the perfect combination of off
the-shelf modular sub-systems. What's off-the-shelf at 
Brush ... isn' t even on the drawing board elsewhere. 
All the electronics are solid state. 
Take your choice of penmotors: two channel 40 mm; high 
resolution 80 mm ; eight channel "yes-no" event markers 
(all on one recorder . .. in any combination ... on the 
same chart ... on a common time base!) 

Take your choice of oscillographs: vertical, pull-out hori
zontal or wide-view horizontal. 
Take your choice of 32 different preamplifiers. 
And you're way ahead with Brush innovations that set 
new standards in oscillography. A con tactless super sensor 
called Metrisite . . . "polices" pen position to assure better 
than V2% accuracy. Useful frequency response to 200 
cps. True rectilinear motion. Pressurized inking produces 
traces so crisp and accurate you can' t misread the signal. 
All this with over 10,000 channels of field performance! 
A new booklet has the complete story on the Mark 200, 
Series 1707. Write for it. Brush Instruments, 37th & 
Perkins, Cleveland, Ohio 44114. 

CLEVITE 
---,/:,rush I N s TR u M E NT s D Iv I s I 0 N 
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450-Mc 
INPUT 

+ 
8V 

RCA 2N2857 high-frequency, low noise amplifier 

100% tested for gain and noise figure 

Designed for critical aerospace/military applications 

8V 

x 

TO 
30Mc 

IF 

RF amplifier and mixer stages of a 450-Mc UHF communications receiver 
using the new RCA 2N2857 low-noise transistors 

The low-noise RCA 2N2857 uses a unique min· 
iature structure to achieve these outstanding 
characteristics: 

• Extremely Low Noise Figure (NF) . .. 4 db typ· 
ical in 450 Mc common-emitter RF amplifier 

• High Gain .. . 14 db typical at 450 Mc in neu
tralized 20 Mc bandwidth amplifier 

• Excellent 450-Mc Mixer Performance ... NF = 
7.5 db, Gain = 15 db (typical) 

• Excellent UHF Oscillator Performance .. . 
Power Output = 40 mw typical at 500 Mc. 
20 mw typical at 1 Ge 

•Maximum Ratings ... Vcso = 30 V, VcEO = 15 
V, Pr= 200 mw at 25 °C free air 

• Gain-Bandwidth Product = 1200 Mc Typical 

Every RCA 2N2857 is tested for maximum noise 
figure and minimum power gain @ 450 Mc as 
a part of the extensive test procedures de
veloped to assure high reliability. Specified 
2N2857 values are based on 1/2-inch leads. With 
shorter leads, gain can be improved as much 
as 1.5 db and noise figure as much as 0.25 db. 

RCA also offers new 2N3600 npn silicon planar 
epitaxial transistors intended specifically for 
applications to 200 Mc. Here are some of the 
features : 

• 200 Mc Wideband RF Amplifier ... 17 db min, 
gain (neutralized common-emitter} 

• NF = 4.5 db max at 200 Mc, le = 1.5 ma 

• NF = 3.0 db typ. at 60 Mc, le = 1 ma 

•Maximum Ratings ... Veso = 30V, VcEo = 15V, 
VEBO = 3V 

• Gain-Bandwidth Product . .. 850 Mc min 

Also available from RCA: 2N917 and 2N918 
Call your RCA Representative today for com
plete information on these outstanding RCA 
transistors. For special versions to meet pqrtic
ular reliability requirements or environmental 
conditions ask for a quotation. For further tech
nical data, write: RCA Commercial Engineering, 
Section CN-22. Harrison, N. J. 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

~-~ RCA Elootrnok Compo"'""'"' D"'°"· H"d~o. N.J U ... The Most Trusted Name in Electronics 
"" Circle 902 on reader service card 


