
J 
THIN-FIL .i . 
CIRCUITS ; 
C01nprise sta~·case 
generator, p :!,7 

I 

~ 

A McGraw-Hill Publication 75 Cents June 15, 1962 

electronics 
INCREMENTAL 
COUNTER CORES 
R each saturation 
in 16-steps, p .40 

MICROWAVE 
FLYWHEEL 
Power source for 
plas1na work, p 46 

Applying phosphor solution ·to 21-inch storage tube 

• .U'lVO SO.l.'i'i S0'1 
C::i :o.:.rn: ... /,0:) OZT.: 

o3:Jl'rxs a c'··_.-. 



One of the few 

"Solid-State" Counters 

that costs less 

than the NEW 1150-A 

Digital Frequency Meter 
< 

Type 1150-A 

Digital Frequency Meter ... $915 

• Totalizes events or measures frequency to 220 kc. 

• New, brilliant, always in focus, NUMERIK* in-line display. 
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TWENTY-ONE-INCH STORAGE TUBE. Bombardment-induced­
conductivity tube can write, hold or erase a picture. A dual­
effect dielectric in the storage surface allows it to present and 
store both light and dark-trace writing. Similar tubes may be 
used for interplanetary television in connection with fiy-bys to 
Venus and Mars . See p 64 COVER 

NAVY PLANS PROCUREMENT of More Than $7 billion in 1963. 
Major budget categories include $3 billion for aircraft and mis­
siles, $2.9 billion for ships. In addition to gear for new vessels, 
$339 million is earmarked for electronic modernization 20 

DISPLAYS Are Key to Apollo Contrq.J by Crew. The men manning 
the first lunar spacecraft will probably make the critical flight 
decisions, based on a dozen different classes of flight and con­
trol data. Control system details aren't set, but it is expected to 
operate indepenclently of earth stations 28 

BIOCHEMICAL FUEL CELLS Produce Power from Bacteria, 
Enzymes and Nutrients. Possibilities of converting wastes and 
other organic matter into electricity intrigues researchers. 
Historical note: while this is considered a new field, a yeast 
battery was tried back in 1911 30 

SPEECH PROCESSOR Types and Talks. It listens in one lan­
guage and talks in another. But this early system has only a kin­
dergartner's vocabulary. Byproduct rnay be improved comrnuni-
cations systems 32 

THIN-FILM STAIRCASE GENERATOR for Space Applications. 
This 64-step voltage staircase generator was built using uncased 
transistors and thin-film resistors, conductors and capacitors. 
It consists of an R-C clock, six binary counters and summing 
network on three tiny substrates. 

By E. E. Eberhard, Motorola, Inc. 37 

INCREMENTALLY MAGNETIZED CORES as Counting Ele­
ments. Multipulse magnetic counter uses t echnique of adding 
increments of magnetism to square-loop core until core is satu­
rated. Typical cores count up t o 16 pulses. Counters are stable 
over wide ra.nges of temperature and voltage, have shown high 
reliability in missiles and space avplications. 

By J. D. Freeman, General Time Corp. 40 

WIDEBAND INTEGRATOR for Magnetic Probes. Instrument is 
used in plasma research to st udy magnetic-field distributions. 
It is a compensated R-C circuit s imilar to bootstrap integrator. 
With a voltage gain of three, i t has an 18-Mc bandwidth without 
overshoot. 

By S. Berglund and S. Westerlund, University of Uppsala 44 
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CROSSTALK 

YOUNGEST LASERMAN? Scanning the ex­
hibits at an MIT meeting of the New England 
Section of the Optical Society, one of our editors 
came upon a 15-year-old student demonstrating 
a pulsed ruby laser which the youth had built. 
Questioning Charles E. Wiggin, a 10th grade 
student at Wellesley, Mass., High School, the 
editor learned that the boy's interest had been 
triggered by the series, "Lasers: Devices and 
Systems," by Associate Editor Vogel and Assist­
ant Editor Dulberger (ELECTRON1 cs, p 39, Oct. 27, 
1961; p 40, Nov. 3, 1961; p 81, Nov. 10, 1961, and 
p 54, Nov. 24, 1961). 

The boy's father, an ELEcrno:-<1cs subscriber, 
had clipped the articles for suggested perusal by 
his son, who is a licensed ham. The boy wrote to 
some of the laboratories and companies men­
tioned in the articles, got reprints and other 
literature on lasers, and received some technical 
advice from companies in the Boston area, but 
built the device on his own. At the Optical So­
ciety meeting, demonstration of his homemade 
laser was sponsored by the V alpey Crystal Corp. 
"to encourage companies to seek out and assist 
young people who show interest in optics and 
electro-optics." 

Young Wiggin tells about a visitor to his ex­
hibit a couple of months ago at the State Science 
Fair, also held on the MIT grounds. After ask­
ing a few questions and witnessing a demonstra­
tion of the laser, the visitor congratulated the 
student and introduced himself: "My name is 
Townes. I built the first maser." 

IT ALL ADDS UP. Timing is one of those tech­
nical functions taken for granted-like the nower 
supply to a workbench. If timing is critical, 
divide down a stable oscillator's frequency. If 
many inputs are needed, use a motor to drive 
cam-controlled switches. If power is limited, 
drive with springs. 

But what happens when all three criteria must 
be met at once, in a satellite, for example, where 
cameras, recorders, motors and control circuits 
must all be timed highly accurately? A satellite's 
power supply is limited and the wide tempera­
ture ranges mean clockwork timers will lack the 
precision needed. 

The job can be done by a solid-state binary 
dividing chain driven from a highly stable oscil­
lator and using silicon transistors. But what if 
two dozen binary counting stages are necessary? 
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One transistor in each pair is always conducting, 
so there is a power drain of several milliamps. 
And the large number of components needed 
creates a reliability problem. 

Another timing method has been evolved for 
the Tiros satellites. This is the incrementally 
magnetized magnetic core, which becomes satu­
rnted after receiving a definite number of input 
pulses. The state of this relatively new art is 
such as to permit the core to operate reliably at 
100 Kc over a temperature range of -55 C to 
100 C and to discriminate between as many as 16 
input pulses. It takes a pretty reliable blocking 
oscillator to do that when fed at a fixed fre­
quency, yet a core counter will accept pulses at 
the rate of one an hour or one a day. 

We have published several articles recently on 
the use of cores as counters, dividers and mem­
ory elements (p 50, March 17, 1961; p 62, June 
16, 1961, and p 23, March 23, 1962), but in these 
the cores handle at most one bit each. 

This week, John D. Freeman, of General Time 
Corp., describes a magnetic multipulse counter 
for the Tiros series of space vehicles. Besides 
accepting random counts, the cores act as mem­
ories without consuming power. A chain of count­
ers can be preset to saturate on receipt of the 
<.;Omplement of the stored figure . The counter 
uses little power when counting and relatively 
few components. Much of it is plain wire-gen­
erally more reliable than active elements. 

The upper photo shows a four-stage unit that 
can count to 104 • The oscillogram shows a core 
receiving its ninth and tenth (final) pulses. 
Reset-to-zero action is triggered (tall pulse) by 
the tenth pulse. 

3 



1 WATT 

Z WATTS 

21-2 WATTS 

3 WATTS 

ALL UNITS 

5 WATTS 

Sprague builds reliability . .. ef­
ficiency ... economy right into 
minified Blue Jackets with these 
important features: 

•All-welded end-cap construc-

4 

tion with special vitreous-en­
amel coating for total protec­
tion against humidity, mechan­
ical damage, heat, corrosion 
gives long-term dependability 
under severe environmental 
conditions 

•Available in resistance toler­
ances as close as ± I % 

•Low in cost ... quick and easy 
to install 

Tiny axial-lead Blue Jackets are 
specially designed for use with 
conventional wiring or on print­
ed boards in miniature electron­
ic assemblies. Write for com­
plete technical data in Sprague 
Engineering Bulletin 741 OB. 

SPRAGUE ELECTRIC COMPANY 
, 35 Mar5hall Street, North Adams, Mass. 
• 
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COMMENT 

Capacitor Nomenclature 

I would like to propose (if this 
hasn't already been done) that the 
electronics industry adopt a stand­
ard method of capacitor nomencla­
ture that would reduce inventory 
and manufacturing costs. At pres­
ent, there are two ways of designat­
ing values under one microfared, 
either by fractions of a microfared 
or by whole numbers followed by 
mmf or pf. 

This double method produces 
anomalies in the sizes of capacitors. 
For example, part of one manufac­
turer's series of standard values in­
cludes 3900 mmf, 4000 mmf, 4700 
mmf, etc. One could well ask what 
the 4000 mmf is doing there when 
it is so close to the 3900 size. The 
answer is that the capacitors in this 
range are sometimes designated in 
microfarads and that 0.001, 0.002, 
0.003, 0.004, etc., are all standard 
values. 

One method of gradually elimi­
nating this irregularity would be to 
adopt the mmf (or picofarad ) 
designation for all capacitors under 
one microfarad. These could then 
be standardized, as resistors al­
ready are, so that a ±10-percent 
tolerance decade would contain 
1000, 1200, 1500, 1800, 2200, 2700, 
3300, 3900, 4700, 5600, 6800 and 
8200 mmf values. Other decades 
would, of course, be multiples of 
ten of this decade. It appears that 
this standard would eventually 
eliminate the unnecessary sizes, 
with subsequent benefit to both 
capacitor manufacturers and cus­
tomers. 

A. HEMEL 
The Hallicrafters Company 
Chicago, Illinois 

Numerical Prefixes 

The February 16 Crosstalk col­
umn (p 3) mentions the use of a 
new unit of frequency, the tera­
cycle. This is all a very nice inven­
tion-but is all the resultant con­
fusion really worth it? 

It is suggested that we do away 
with all the kilo's mega's, micro's, 
nano's, and others. They all just 
stand for certain powers of ten. We 
might just as well use the powers 
of ten. 

As a test to see which is easier 

for the engineer to use, let us try 
a test. Let us calculate the react­
ance of a capacitor, first using one 
system, and then the other. 

Prefix System: frequency = 137 
Tc; capacitance = 64.8 nf; Xe = 
1/ 2 1T (137 Tc) (64.8 nf) = 1/ 
(0.558 x 10• x 10'" x 10·0

) = 1.8 
x 10·• = 180 µ,ohms. 

Power-of-Ten System: frequency 

= 1.37 @ cps; capacitance = 6.48 

@ f; X 0 =1/27rl.37@6.48@ 

= 1/55.7 5©= 1.8 @ ohms. 

It is so much easier using the 
simple powers of ten. And there is 
no need to remember the mean ing 
of any prefixes. 

The one argument in favor of 
the prefixes is that it is easier to 
say "teracycles per second" than it 
is to say "times ten to the sixth 
cycles per second." However, if we 
shorten the latter to "circle twelve," 
then the advantage disappears. 

R. 0. WHITAKER 
Rowco Engineering Company 
Indianapolis, Indiana 

Another argument in favor of 
prefixes is that they are easier to 
print. Until any new symbol be­
comes standard and new typefaces 
have become readily available, it 
takes time and money to make up 
special symbols. To make the 
circles used above, first the type 
was set without them, the four 
lines were printed from the type 
slug, the circles inked in, and then 
a photoengraving was made from 
the four lines. 

The same problem arises with 
powers of powers and similar con­
figurations. With the typeface cur­
rently used for this magazine, it 
is not possible to set a superscript 
to a superscript, nor a subscript to 
a subscript. 

Foreign Tax Proposals 

This is a belated note of thanks 
to ELECTRONICS staffers for keeping 
readers informed of developments 
in our industry's fight against the 
Federal Administration's foreign 
tax proposals. The Washington Out­
look lead item, Industry Fights 
Overseas Tax (p 12, May 4), was 
particular<ly welcome. 

EDWARD J. GERRITY, JR. 
International Telephone and 

Telegraph Corporation 
New York, New York 

electronics 



ARNOLD 
PULSE TRANSFORMER CORES ... 
INDIVIDUALLY TESTED 
UNDER ACTUAL PULSE CONDITIONS 
The photograph below shows a big 
Silectron 4-mil pulse transformer core 
on test in the Arnold plant, before ship­
ment for use in the missile program. 

It also illustrates a special Arnold ad­
vantage: a 10-megawatt pulse-testing 
installation which enables us to test­
prove pulse cores to an extent un­
equalled elsewhere in the industry. 

For example, Arnold 1 mil Silectror. 
"C" cores-supplied with a guaranteed 
minimum pulse permeability of 300-
are tested at 0.25 microseconds, 1000 
pulses per second, at a peak flux den-

June 15, 1962 

sity of 2500 gausses. The 2 mil cores, 
with a guaranteed minimum pulse per­
meabiliry of 600, receive standard tests 
at 2 microseconds, 400 pulses per 
second, at a peak flux density of 
10,000 gausses. 

The test equipment has a variable 
range which may enable us to make spe­
cial tests duplicating the actual operat­
ing conditions of the transformer. The 
pulser permits tests at .05, .25, 2.0 and 
10.0 microsecond pulse duration, at rep­
etition rates varying anywhere from 50 
to 1000 pulses per second. 

This is just another of Arnold's facil­
ities for better service on magnetic 
materials of all description. • Let us 
supply your requirements. For design 
information on Arnold Silectron Cores, 
write for Bulletin SC-107A. Address 
The Arnold Engineering Company, 
Marengo, Ill. 

ADDRESS DEPT. E-6 

$~~~GQ~EE 
BRANCH OFFICES ortd DISTRIBUTORS in PRINCIPAL CITIES 

Find fft.m FAST in fh• YEHOW ~AGES 
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If imitation is the sincerest form of flattery, 
these Eimac tubes should blush. The tubes you see above were designed, de­
veloped and first delivered by Eimac. Today, they are seen here. There. Everywhere. But then 
it's natural for Eimac to be a primary source of new tube technology. The reason? Eimac's 
experience, research and development programs, inventive superiority. That's why Eimac is 
able to bring you the most imitated power tubes in the world today. (One thing that can't 
be copied: Eimac's dependability.) Another reason to keep your eye on Eimac for the most 
advanced power grid tubes, high power klystrons, microwave devices and acces­
sories. Eitel-McCullough, Inc., San Carlos, California. Subsidiaries: Eitel-McCullough, 
S.A., Geneva, Switzerland; National Electronics, Geneva, Ill. KEEP YOUR EVE ON 
6 CIRCLE 6 ON READER SERVICE CARD electron ics 



ELECTRONICS NEWSLETTER 
Color Tv Sets Getting Shorter-Necked Tubes 

CHICAGO-Convinced Jong-necked 70-degree color tubes are on the 
way out, Motorola plans to stay out of the color tv market until it 
can offer its own chassis built around its own 23-inch, rectangular, 
92-degree tube within the coming year, Edward Taylor, executive 
vice president, indicated at the 
company's annual dealer meeting 
last week. 

Motorola announced the tube last 
year, offering its know how (p 145, 
Sept. 29, 1961 ) to the tube indus­
try, but with no takers. National 
Video will supply the tubes for 
Motorola sets, has already pro­
duced 200 tubes. 

Consumer sets will be ready a 
month or two after RCA's 90-de­
gree tube becomes available, Taylor 
said. RCA is introducing a six­
inch shorter, 21-inch, 90-degree 
tube, but with a round face. 

Color tv market may reach 300,-
000 units during 1962, Taylor esti­
mated, "but the industry has the 
capacity to produce two to three 
times that many." Taylor said the 
1963 color tv market may reach 
450,000 units. 

Heat Pipes May Warm 
Tube Cathodes in Space 

ELECTRO-OPTICAL SYSTEMS has re­
ceived a $99,380 Air Force contract 
for R&D on spacecraft thermal ra­
diation guides. The company will 
investigate the transmission of ra­
diant energy through tubes with 
highly reflective internal walls, to 
see if the energy can be transmit­
ted directly to thermal consuming 
devices such as ion-engine emit­
ters, electron-tube cathodes or 
vapor-cycle refrigeration devices. 
Successful adaptation of this tech­
nique would avoid converting heat 
into electricity to perform such 
functions and also reduce weight 
of heat-transfer loops now used. 

Retrieval System Stores 
Records in Random Order 

LOS ANGELES-Houston Fearless 
Corp. is fabricating an experimen­
tal model of an automatic record 
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sto1·age and retrieval device for 
Rome Air Development Center. 
Basic storage capacity is 10,240 film 
chips or unit records. Average re­
trieval time is 4.8 seconds for an 
individual record and less than 2.5 
minutes for a group of 64. Capacity 
may be extended to over one mil­
lion records with retrieval of units 
within 10 seconds and of groups in 
5 minutes. 

Identified by a human and ma­
chine-readable, seven-digit, alpha­
numeric code, each record is stored 
at random during filing. Its ad­
dress is recorded in a magnetic­
drum memory. Upon request by 
identification number, individual 
records or groups of 64 can be re­
trieved automatically through an 
input keyboard. Requests from a 
paper-tape reader or computer buf­
fer are also accepted. Retrieval rec­
ords are supplied in requested se­
quence in an output magazine. 

Slosh Filter Improves 
Rocket Control System 

LOS ANGELES-Development of a 
control system technique expected 
to improve response characteristics 
of large rocket boosters has been 
announced by Space General Corp. 

Very low frequency structural 
bending or fuel sloshing is a prob­
lem in large boosters. In the sys­
tem, called Host (Harmonically Op­
timized Stabilization Technique), a 
simple nonlinear filter element is 
inserted in the autopilot loop. It al­
lows control command signals to 
pass with little attenuation, but at­
tenuates by a large amount the 
bending or sloshing motion of the 
booster as sensed by the control 
system gyroscopes. 

Overall system response report­
edly is greatly improved over what 
can be accomplished with the linear 
control system. Performance on an 

analog simulator indicates improve­
ment in response time and settling 
time of better than a factor of two. 

Army Loses the Last of 
Its Satellite Programs 

WASHINGTON-Department of De­
fense has switched Army's last ma­
jor space program, the Advent 
communications satellite, to the Air 
Force. Because of booster develop­
ment and weight problems (p 12, 
June 1), launch date had been 
pushed back from 1963 to 1966. Air 
Force is expected to cut the satel­
lite's weight from about 1,300 
pounds to 500 pounds, launch it 
with an Atlas-Agena in 1964. 

Administration Still Plans 
To Hold Down RS-70 Work 

WASHINGTON-Despite Senate Ap­
propriations Committee approval of 
a $491-million RS-70 aircraft pro­
gram for next year, the adminis­
tration still plans to hold back 
spending on the project until the 
technical feasibility of the plane's 
electronic subsystems can be dem­
onstrated. 

The $491-million sum was pro­
posed initially by the Air Force to 
speed development work and begin 
production. Congress has approved 
this figure under a procurement 
authorization, but the House Ap­
propriations bill earmarks only 
$223.9 million for the RS-70. 

The final appropriations figure is 
likely to be closer to the Senate 
committee's $491 million than to 
the House level. But the adminis­
tration is expected to spend only a 
little more than the $171 million it 
planned to spend, and this incre­
ment will go into development work 
on the electronics subsystems. 

Diamond Transistors No, 
Diamond Thermistors Yes 

PARIS-Diamonds in Industry Con­
gress was told that semiconductor 
diamonds could make possible tran­
sistors with temperature limits to 
1,000 C. But commercial devices 
are nowhere in sight. 

Natural diamonds with semicon-
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ducting properties are scarce, said 
Jan F. H. Custers, of the Johannes­
burg Diamond Research Lab. Fur­
ther, all the known natural semi­
conductor diamond is p-type and 
impurity diffusion attempts have 
been unsuccessful. Experiments 
with lithium vapor at 900 C, for ex­
ample, produced only a surface 
effect. 

One practical application is as a 
high temperature thermistor (p 72, 
Aug. 26, 1960 ) . P. J. Kemmey, of 
the laboratory, reported irradiation 
improves the useful temperature 
limit. A representative specimen's 
limit of 800 C was boosted some 
200 degrees by irradiating for 10 
minutes at 1.5 Mev with a beam 
current density of 50 µa per sq cm. 
Irradiation also predictably in­
creases resistivity of diamond. 

Electronic Stethoscope 
Isolates Heart Sound 

BELL AEROSYSTEMS reports it has 
developed an electronic stethoscope 
that can isolate any portion of the 
acoustic human heart cycle for im­
mediate analysis or later study. 

The instrument permits three 
means of studying the heartbeat 
cycle or any portion of it. Output 
can be fed into conventional ear­
phones or a loudspeaker for audio 
analysis; to an oscilloscope for vis­
ual display or to an electrocardio­
graph to provide a permanent rec­
ord of the heart sounds. All three 
outputs can be employed simulta­
neously. 

The stethoscope has been used 
for analysis of heart sounds in 
children with congenital heart de­
fects. It weighs 20 ounces and is 
powered by mercury batteries. 

Speech Analyzers May 
Detect Throat Cancer 

BOSTON-Air Force experiments 
suggest waveform analysis of hu­
man speech signals can aid detect­
ing cancer of the larynx. Develop­
ment is a byproduct of speech 
compression program at Air Force 
Cambridge Laboratories, specifi­
cally, analyses of the waveform 
concerned with" the pitch compo­
nent of speech. Study by Lt. Philip 
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Lieberman on recorded speech sam­
ples of 32 speakers with knO\vn dis­
eases of the larynx showed that di­
agnosis can be made with high 
degree of reliability. It was found 
that growths or polyps on or near 
the vocal cords result in larger or 
more prolonged variations in pitch 
periodicity, and these pitch pertur­
bations can be plotted by computer 
analysis. 

Another International 
Space Program Underway 

MELBOURNE-Under a recent 1 y 
signed agreement, Australian re­
search equipment will be launched 
in NASA space vehicles. Equip­
ment is part of the Commonwealth 
Scientific industrial Research Or­
ganization's research into the up­
per atmosphere. Main purpose is 
to discover the influence of the sun 
on earth's radio communications. 

The first flight will be in an Aero­
bee rocket, scheduled for launching 
on Wallops Island, Va., later this 
year. If results are good, equipment 
will be orbited in a Scout satellite. 
The instruments, designed to detect 
and transmit low-frequency radio 
noises in the upper atmosphere, 
have been flown only in high alti­
tude balloons of the Royal Aus­
tralian Navy. 

Observatory Satellite 
Runs Out of Power 

ORBITING SOLAR 0 BS ERV A T 0 RY 
stopped transmitting useful infor­
mation after 77 days in orbit, 
NASA reports. A malfunction in 
the spin control system (p 8, 
March 2) prevents the servo system 
from orienting the sci en ti fie instru­
ments and solar cells towards the 
sun. The servo system, in attempt­
ing to orient the solar-cell array, 
is using too much power. Batteries 
are continually discharged. 

OSO observed and measured 
more than 75 solar flares and sub­
flares, mapped the sky in gamma 
radiation, examined energetic par­
ticles in the lower Van Allen region, 
monitored the sun in a broad region 
of x-ray and gamma radiation 
and performed surface erosion 
studies of various materials. 

In Brief ... 
FAA HAS SUBMITTED to Congress a 

list of 3,388 airports it would 
like built or improved over the 
next five years. Of the 514 new 
airports, 86 would be for air car­
riers ( 66 in Alaska) and 428 for 
general aviation. 

KEARFOTT has a $172,000 Air Force 
contract to build a feasibili ty 
model of a star-angle comparator 
that would determine aerospace 
vehicle attitude on demand. 

SIX BENDIX divisions will partici­
pate in a long-range company 
program to develop solar, ther­
mionic, thermoelectric, fuel cell 
and other space power sources. 

ARMED SERVICES Electro-Standards 
Agency, Fort Monmouth, an­
nounces it will expand qualified 
p r o d u c ts l i s ts for coaxial 
switches, and a variety of tubes, 
capacitors, resistors and semicon­
ductor devices. 

SPERRY GYROSCOPE reports another 
$6 million in orders for its Ma­
rine Corps 3-D radar, bringing 
total to $39 million. 

LIBRASCOPE will produce nine auto­
matic navigation computers for 
C-141 aircraft under $1.9-million 
Air Force contract. 

ARMY gave Hughes Aircraft a 
$500,000 contract to develop a 
light-weight, wire-guided anti­
tank missile, Tow. 

POWER CONVERSION components for 
Snap nuclear power sources are 
to be developed by AiResearch 
under $200,000 contract. 

PAKISTAN launched a Nike-Cajun 
rocket near J{arachi, beginning 
a cooperative program, with 
NASA, of upper-atmosphere re­
search. 

SAAB AIRCRAFT, Sweden, will sell an 
electronic data processing sys­
tem based on its D2 digital com­
puter. It handles more than 65 
input-output channels and has an 
information exchange capacity 
of 125,000 words a second. 

RCA HAS A NASA contract of $71,658 
to study proton damage to semi­
conductor devices in space. 
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shake it! 
We pulled one of our standard 1 N2929 tunnel diodes 
off the line and tied it to the business end of a jack­
hammer for a bit of jouncing and jarring. It not only 
survived this beating but went on to pass its 1000-hour 
life test-at voltages in excess of V p-without deterio­
ration of peak-to-valley ratios. 

No wonder. We build these diodes to exceed the vibra­
tion fatigue requirement of MIL-S-l 9500C. That's 
20g's at frequencies to 2000 cps. What's more, they're 
built to store or operate for 1000 hours at tempera­
tures from -65 °C to +175 °C. They're rugged and 
reliable, like all Hoffman semiconductors. 

We specialize in devices for control, regulation and 
power. You can buy them with confidence that they'll 
work and keep on working. Confidence that they'll be 
available when and where needed. That's why so many 
of the most successful electronics designers keep 
coming back to Hoffman-again and again and again. 

· Chances are you'll do the same. Try us. Call your 
nearest Hoffman distributor or sales office today. 

II ff I ELECTRONICS o 1080 ~~i':o~d':c~:' J;!i~! 
4501 N. Arden Dr., El Monte, Calif. · CUmberland 3-7191 · TWX El Monte 9735 
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a pleasure 

to measure 

with these ... $ 5512A, 300 KC 

4NEW 
~ 5532A, 1.2 MC SOLID STATE 

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

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

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

A unique display storage feature of these new 
counters produces a continuous visual readout of the 
most recent measurement, even while the instrument 
is making a new measurement. Only if the new count 
differs from the previous count will the display 
change, in which case it will shift directly to the new 
reading. The fatigue and error possibility of a "blink­
ing" display is eliminated. The storage feature may 
be disabled with a rear panel switch. 

The counter's "inactive time" (when not making 
a new measurement) is independent of gate time 
and adjustable from 0.2 to 5.0 seconds, thus permit­
ting a higher sampling rate. 

CIRCLE 10 ON READER SERVICE CARD 

r Max. 
Period and Multiple Period 

Counting Regis-
Counter Rate tration Range Accuracy 

r 
5 ± one 

5212A 300KC digits count ± 
columnar 2 cps to t ime base 

300 KC accuracy 
5 ± trigger 

~12A 300KC digits error/ periods 
Nixie averaged 

6 ± l µs ± 
5232A 1.2 MC digits time base 

columnar 2 cps to accuracy 
±trigger 

6 1.2 MC error/ 
5532A 1.2 MC digits periods 

C 
Nixie averaged 

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

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



$ 5212A, 300 KC 

. 18 I '. 7 ,' T '. ' 1 ') ; 

l . 4, f fl 

I • , 

$ 5232A, 1.2 MC 

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

• Average Measurement Frequency Measurement 

Periods 
Reads in Averaged Range Accuracy Reads In 

2 cps 
to 

Milli- 300 KC 
seconds or ± 1 count KC 
microsec- 1, 10, ±time with 
onds with 102, 103, base positioned 
positioned 104, 105 accuracy decimal 

decimal 
2 cps 

to 
1.2 MC 

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

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

. -
Ratio Measurement 

Gate 
Time Reads Range Accuracy Price 

f1:100 cps 
to 

300 KC 
$ 975.00 

(1 v rms into 
1,000 ohms) ± 1 count 

10, 1, (f1/.f2) x 
f2: same as of f1 ± 1,175.00 

period trigger . 
0.1, 0.01 period error of 

sec. multiplier f1: 100 cps f2 
to 1,300.00 

1.2 MC 
(1 v rms into 

500 ohms) 
h: same as 

period 
1,550.00 

Solid state design and construction gives you the 
advantages of low heat dissipation with minor heating 
effect on adjacent equipment, fast warm-up, low 
power consumption and new standards of reliability. 

The new counters include a four-line BCD code 
output. This ot1tput, with assigned weights of 1-2-2-4 
("1" state positive with respect to "O" state), is 
available for systems use or to operate devices such 
as the lffe 562A Digital Recorder. Controls include 
Input Attenuation, Display, Reset and Function. 

Call or write your <& representative or call us to-
1 day for information and a demonstration! 

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

H~:~~!!i~!:!CK!~!, ~l?o~~~.~Y HE~~eEd~T;i:~~i~!aR~. ~·A. 
Cable "HEWPACK" DAvenport 6-7000 Cable "HEWPACKSA" 1 Geneva. Switzerland 

Sales representatives in all principal areas Tel. No. (022) 26. 43. 36 

. 

7061 
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WASHINGTON OUTLOOK 

MORE MILITARY communications and surveillance satellite pro­
grams are likely to be approved in the next six months or so. Army, 
Navy and Air Force have succeeded in convincing Defense Secretary 
McNamara of their military value. 

Air Force successes with Midas, the infrared satellite for detecting 
Soviet rocket firings, and with Samos, the picture-taking satellite, are 
leading Army and Navy to press for similar systems. The Navy, for 
example, sees ocean surveillance system doing the job of several hundred 
ships and planes. The Army points to the tactical advantage of detect­
ing troop and logistics movements deep behind enemy lines. 

In communications, the three services want a satellite system flexible 
enough for use by ships, planes and field units. Army's Project Advent, 
a worldwide communications system, won't fill all three needs. Three 
separate systems may be required. Separate military weather satellite 
systems are also being considered. 

Military space spending, of course, will continue to climb. It's running 
about $1 billion this year, will rise to $1.5 billion in fiscal 1963, and will 
probably reach $2 billion in fiscal 1964. 

MASSIVE SHAKEUP of the Defense Department's missile warn­
ing system may be coming. McNamara has ordered a comprehensive 
staff study to assess the effectiveness of currently planned warning sys­
tems. He wants to know what improvements can be made and what 
their cost would be. McNamara ordered the evaluation in terms of 
"amount of warning time, reliability of warning, and value of actions 
that can be taken on the basis of warning." 

ECONOMIC EFFECTS of defense contracting are the subject of 
another long-range study called for by McNamara. Five-year budget 
projections will be translated "into a five-year production program for 
defense industries and research organizations." A related analysis will 
appraise the five-year defense R&D program's impact on "the avail­
ability, distribution and utilization of scientific and engineering man­
power" to anticipate effects of changes in procurement and R&D. 

RELIEF FROM THE EFFECTS of import competition may be 
easier for individual firms to get, but harder for entire industries under 
a last minute change in the trade expansion bill made by the House 
Ways and Means Committee. The Tariff Commission would have to 
consider a firm's injury claim in relation to the economic health of the 
company's industry. If the firm is being hurt, but the industry isn't, 
the commission could rule for trade adjustment assistance (loans and 
technical aid), and turn down tariff increases for the industry. At 
present, few companies get any relief on claims for tariff increases, and 
there is no adjustment assistance alternative. 

The House is expected to debate the trade bill late this month and 
vote it as passed by the Ways and Means Committee. After the July 4 
holiday, the Senate Finance Committee will go to work on it. Final 
Senate-House passage is now expected by the end of August. Protec­
tionist effort will center on eliminating adjustment assistance and build­
ing in tighter mandatory tariff relief through the escape clause. 
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L-M Offers Specialty Energy Storage 
Capacitors For Every Application 
Regardless of the application, L-M is prepared to assist you in 
determining your requirements for capacitors. We have designed 
specialty energy storage capacitors to meet the requirements of 
various Government and private agencies, universities and industries. 

Line Material Industries, a division of McGraw-Edison Company, 
is one of the nation's leading manufacturers of capacitors for power­
factor correction. L-M capacitor engineers have at their disposal 
the complete facilities of the Thomas A. Edison Short Circuit Current 
and High Voltage Surge laboratory at Franksville, Wisconsin, and 
McGraw-Edison Laboratory for Basic Research at West Orange, 
New Jersey. 

Send For Bulletins 
Send for bulletins TSC-100, TSC-101 and TSC-102 today. Mail the 
coupon or check the Reader Service Card. Line Material Industries, 
Specialty Capacitors, Milwaukee I, Wisconsin. 

515 

APPLICATIONS 
Light & Heavy Duty Energy Storage Capacitors 

L-M can supply capacitors for applications like these: 

SHOCK WAVE GENERATORS • INTENSE MAGNETIC FIELDS 

ELECTRO-HYDRAULIC METAL FORMING• PLASMA RESEARCH 

WIND TUNNELS • PARTICLE ACCELERATION • FLASH TUBES 

RADAR PULSE FORMING • FILTERS • CAPACITOR WELDING 

LINE MATERIAL®lndustries r---SEND COUPON TODAY----------------

McO~AW-EDISON COMPANY 

DISTRIBUTION TRANSFORMERS • RECLOSERS, SECTIONALIZERS AND OIL SWITCHES • FUSE CUTOUTS AND FUSE LINKS 
LIGHTNING ARRESTERS• POWER SWITCHING EQUIPMENT• PACKAGED SUBSTATIONS• CAPACITORS• REGULATORS 

OUTDOOR LIGHTING• LINE CONSTRUCTION MATERIALS• PORCELAIN INSULATORS• FIBRE PIPE & CONDUIT 

Line Material Industries, Milwaukee 1, Wisconsin 

Please send me your bulletins on Specialty Capacitors. 

Title _____________________ _ 

ComponyNome _________________ _ 

Address ____________________ _ 

City ____________ State ________ _ 

E-6: 
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FDA THIN FILM RESEARCH APPLICATIONS 

VERSATILE 

VAPOR 
SOURCE 

© 

1 MULTIPLE VAPOR SOURCES 

2 ROTATING WORK HOLDER 

3 SUBSTRATE TEMPERATURE THERMOCOUPLE· 

4 SUBSTRATE HEATER (not shown) 

5 SPUTTERING CATHODES 

6 FILM THICKNESS MONITOR 

7 ION BOMBARDMENT CLEANING 

8 CIRCULATING LIQUID NITROGEN TRAP 

FOR COMPLETE INFORMATION 
ON EACH OF THESE SPECIFIC MODELS 

WRITE FOR BULLETIN E321-8. 

''SPEED/Wdlr£> ,,. 
VACUUM COATING UNIT 
The versatile model 19E6 production unit for evaporated 
micro-circuits, resistors, and capacitors features fast pump 
downtime and selection of accessories for almost any 
evaporation job. The proven Edwards design principles 
incorporated in this series assures fast, reliable evacuation 
and many years of dependable operation. 

In addition to the many accessories included as standard 
items such as motor driven rotary work holders, multiple 
vapor sources, substrate heaters; optional accessories such 
as electron bombarded vapor sources, circulating LN2 
traps and film thickness monitoring are provided. Special 
jigs for the production of micro-circuitry and coated 
tubular resistors can also be provided to fit this highly 
versatile coater. 

Four separate models make up the 19E series, each using , 
a pumping system, power supply, cabinet and instru• } 
mentation common to all. 

EDWARDS HIGH VACUUM INC. I 3279 GRAND ISLAND BLVD., GRAND ISLAND, N. v. 
MANUFACTURERS OF THE MOST COMPLETE LINE OF HIGH VACUUM COMPONENTS AND SYSTEMS 
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NEW El Model 500 11'' x 17" 
X-Y RECORD 1 

has unparalleled performance and specifications 
Place the new Model 500 alongside any com· 
petitive 11" x 17'' X-Y Recorder. Check them 
for ease of operation, reproducibility, absence 
of jitter, speed of response, input sensitivity, 
time base accuracy, overall mechanical de· 
sign and any other performance feature you 
need in a recorder. It's the only way we know 
to point up the significant design advances 
provided in the new 500 that will not be 
found in any competitive instrument. What's 
more, the 500 is the only totally transistor· 
ized 11" x 17" X-Y Recorder available at this 
low price-just $1975, f.o.b. San Diego, Calif, 

Brief specifications: 25" /sec. slewing speed, 
both axes; 0.15% full scale accuracy; 1 meg. 
ohm input impedance, all ranges; 20 input 
scales from 0.5 mv/ in. to 100 v / in.; integral 
time base; and measures. 171h"x19"x5"; 
weighs only 32 pounds. May be easily rack 
mounted without additional fixtures. 

You would be wise to get complete informa• 
tion on this newest addition to the only com· 
plete line of all solid state X-Y Recorders, 
Your EI field engineer will be happy to tell 
you all about it. Call him .today. 

Engineers: Challenging opportunity now available. Contact Mr. Harvey Fleming. 

Electro Instruments. Inc. Iii 
8611 BALBOA AVENUE, SAN DIEGO 11, CALIFORNIA ID 

A COMPLETE LINE OF 
TOTALLY TRANSISTORIZED 

X-Y RECORDERS AND 
ACCESSORIES 

SERIES 300-A small, lightweight 
8'h" x 11". 

SERIES 400-ll"xl7" recorders with 
plug-in function modules for maximum 
flexibility. 
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"Regardless of the strengths and attributes 
our nation possesses, if we fall behind in the 
field of education, we will fall behind as a world 
power. 

"Our scientific, cultural and economic 
growth- and our political strength- will de­
pend largely upon the educational facilities we 
make available to our youth. We owe it to our­
selves as a nation; we owe it to our young people 
who will inherit this nation to provide the 
financial aid that will make our institutions of 
higher learning second to none in the world. 
This is of vital importance to our business 
community. 

"Business must put its support on the line 
to help win the battle for higher education." 

Today many of our colleges are over­
crowded. In ten years, applications will 
have doubled and we will be faced with 
an even more serious crisis in our insti­
tutions of higher learning. We will need 
more and better college classrooms, 
many more well-equipped college labo­
ratories and thousands more of the most 
dedicated and well -trained professors. 

Only increased financial aid will pro­
vide our young people with the best col­
lege facilities. Only increased financial 
aid will keep our finest minds from leav­
ing the teaching profession. 

For additional information on the 
crisis faced by higher education write 
to: Higher Education, Box 36, Times 
Square Station, New York 36, N. Y. 

Published as a public service 
in cooperation with The Advertising Council and 

the Council for Financial Aid to Education 
KEE~ IT BRIGHT 
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Here's Custom Memory Flexibility in a Standard Package 
RCA 5 µSEC MODULAR MEMORY SYSTEM 
Compact, high-capacity systems now available with the 
word lengths you specify-available for quick delivery 

Now you can bring a new standard of operating efficiency, servicing flexi­
bility and plug-in convenience to your computer designs with RCA's com­
plete modular memory system. It utilizes new, compact modular design 
throughout. All circuits and elements, as well as the complete system plug 
in for easy maintenance and reduced computer down-time. 

This rugged RCA memory system, encased in an aluminum cabinet. has a 
capacity of 256 to 2048 words and up to 20 bits per word. It incorporates 
RCA ferrite memory cores and planes, with specified wide margins of opera­
tion . . . up to ± 8 % ... to cope with broad variations of voltage levels over a 
wide temperature range. 

All RCA Complete Memory Systems are available in a broad range of stand· 
ard types and custom designs. RCA is ready, willing , and able to meet the 
most stringent custom requirements for voltage, current, temperature range, 
and speed of operation to make the memory system fully compatible with 
your equipment. 

Here are some of the outstanding features 
of complete RCA Memory Systems: 

• Specified Wider Margins of Operation . . . Up to ± 8 per cent .. . to cope 
with broad variations in voltage levels. 

• Custom Design Service . .. RCA 's engineering staff will custom-design a 
memory system to your specifications. 

• Complete Information Retention ... even in case of primary power Joss. 

e Wide Temperature Range ... 0 °C to 50°C. 
Systems Engineering Service- Your local RCA Semiconductor and Materials 
Division Field Representative is prepared to provide a completely coordi­
nated application service, covering transistors, semiconductor diodes , ferrites 
and memory systems. For further technical information, write RCA Semi­
conductor and Materials Division, Commercial Engineering Division, Sec­
tion F-N-6-3, Somerv ille, N. ]. 

• Tho M"'t Ttmted N•mo ;n Elwmnk• 

lllCA SEMICONDUCTOR ' MATERIALS DIVISION FIELD OFFICES ••• EAST: Newark, N. J., 744 Broad St., HU 5·3900 • (Camden-Philadelphia Area) Erlton, N. J., 605 Marlton Pike, 
HA 8·4802 • Syracuse, N. Y., 731 James St., Rm. 402, GR 4·5591 • Baltimore, Md., EN 9·1850 • NORTHEAST: Needham Heights 94, Mass., 64 "A" St., HI 4·7200 • SOUTHEAST: 
Orlando, Fla., 1520 Edgewater Dr., Suite # l, GA 4-4768 • EAST CENTRAL: Detroit 2, Mich., 714 New Center Bldg., TR 5·5600 • CENTRAL: Chicago, Ill,, Suite 1154, Merchandise Mart 
Plaza, WH 4·2900 • Indianapolis 5, Ind., 2132 East 52nd St., Cl 1·1405 • Minneapolis 16, Minn., 5805 Excelsior Blvd., VIE 9·0676 • Denver 11, Colorado, Continental Terrace Bldg., , 
Suite 301, 2785 N. Speer Blvd., 477·1688 • WEST: Los Angeles 22, Calif, 6801 E. Washington Blvd., RA 3·8361 • (San Francisco Area) Burlingame, Calif., 1838 El Camino Real, 
OX 7·1620 • Seattle 4, Wash., 2250 First Ave. S., MA 2·8816 • SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, ME 1-9720 • GOY'T: Dayton, Ohio, 224 N. Wilkinson St., 
BA 6·2366 • Washineton, D. C., 1725 "K" St., N.W., FE 7·8500 • RCA INTERNATIONAL DIVISION, 30 Rockefeller Plaza, New York 20, N. Y. Cable Address: RADIOINTER, N. Y. 
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Save Time and Trouble by standardizing 
on BUSS Fuses -You'll find the right fuse 
every time ... in the Complete BUSS Line! 

By using BUSS as your source for fuses, you can· 
quickly find the type and size fuse you need. The com­
plete BUSS line of fuses includes: dual-element "slow­
blowing", single-element "quick-acting'', and signal or 
visual indicating types ••. in sizes from 1/ 500 amp. up­
plus a companion line of fuse clips, blocks and holders. 

BUSS Trademark Is Your Assurance Of Fuses 
Of Unquestioned High Quality 

For almost half a century, millions upon millions of 
BUSS fuses have operated properly under all service 
conditions. 

To make sure this high standard of dependability is 
maintained ... BUSS fuses are tested in a sensitive 
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electronic device. Any fuse not correctly calibrated, 
properly constructed and right in all physical dimen­
sions is automatically rejected. 

Should You Have A Special Problem In Electri­
cal Protection .•. BUSS fuse engineers are at your 
service-and in many cases can save you engineering 
time by helping you choose the right fuse for the job. 
Whenever possible, the fuse selected will be available 
in local wholesalers' stocks, so that your device can be 
serviced easily. 

For more information on the complete line of BUSS 
and FUSETRON Small Dimension Fuses and Fuse­
holders, write for BUSS bulletin SFB. 

BUSSMANN MFG. DIVISION 
McGraw-Edison Co. 
St. Louis 7, Mo. 

electronics 



Wire and cable insulated with Kynar-the new 
fluorocarbon resin from Pennsalt Chemicals-de­
livers premium performance in your product and on 
your production line. Kynar-insulated hook-up wire 
has high dielectric strength and resistivity ... strips 
cleanly, won't tear or cut-through in automatic as­
sembly equipment. Kynar has a useful temperature 
range of -80° to +300°F. and Kynar-insulated wire 
forms strong, tight seals with epoxy-base potting 
compounds. As a jacketing material, Kynar offers 
superior resistance to abrasion, corrosion, 

properties of 10-mil Kynar insulation extruded 
over A WG 24 solid soft copper conductor: 
Dielectric strength, volts ......... . .................... , 10,0CO 
Insulation Resistance, meg-ohm/M .................... > 1,000 
Cold bend, W' dia., 1 lb. weight at -70°F, volts....... 8,000 
Abrasion Resistance, Janco Tester grade 400 alumina, 

inches of tape....................................... 50 
Cut through, anvil at 90°, 350 gm. hours at 270°F.... > 500 
Soldering test, flare back... . . . . . . . . . . . . . . . . . . . . . . . . . None 
Flammability ............. ... .. ........... .. self extinguishing 

Kynar-insulated wire is available from Surprenant 
Mfg. Co., Clinton, Mass.; Revere Corp. of America, 

® Wallingford, Conn.; L. Frank Markel, 
weathering, and radiation . . . extrudes 
readily over single or multi-strand con­
structions as well as vinyls, PTFE and 
metallic shields. It can be pigmented 
and striped to identify circuits. Typical 

0 
Pennsalt 

Norristown, Pa.; Hitemp Wires Co., West­
bury, L.I.; and Brand-Rex, Concord, 
Mass. Write to us for details. Plastics 
Department, PENNSALT CHEMICALS COR­
PORATION, 3 Penn Center, Phila. 2, Pa. 

Chemicals 
• .• ·.~TAB'.''1tED 1850 

June 15, 1962 CIRCLE 19 ON READER SERVICE CARD 19 



Navy's 1963 Procurement Plans Go 

By JOHN F. MASON 
Associate Editor 

DESPITE CHANGES the Senate might 
make in the House-approved appro­
priations for Navy procurement for 
1963, the shopping list will remain 
essentially the same. Navy's plans 
for 1963 as outlined to the House 
Subcommittee on Appropriations 
are: 

Procurement of aircraft and mis­
siles, $3,007,970,000; shipbuilding 
and conversion, plus certain long­
leadtime items for the fiscal year 
1964 program, $2,907,200,000; 
other procurement, including capi­
tal and collateral gear as well as 
ordnance items, $901,700,000; and 
for the Marines, $256,000,000. To­
tal: $7,072,870,000. 

Fleet Ballistic Missile (FBM), 
$2,016 million. Shipbuilding and 
conversion ($888.8 million) pro­
vides for construction of six FEM 
subs, an FEM tender, advance pro­
curement for 1964 shipbuilding 
program, and conversion of a sup­
ply ship and a floating drydock. 

Procurement of aircraft and mis­
siles ($420.7 million) provides for 
production of operational missiles 
for shipfill, support, and special 
purpose, and related production 
support activities. A-2 missiles will 
cost $33 million (at about $1 mil­
lion each) ; A-3's, $290 million; pro-

duction support, $83 million; and 
replenishment procurement, $13.5 
million. This includes equipment 
for missile handling, checkout and 
test, production facilities, special 
tooling, shipping and storage con­
tainers, training gear, and modifi­
cations to support facilities. 

Other procurement ($114.47 mil­
lion) provides funds for moderniz­
ing ships with launching and han­
dling gear, fire control and 
navigation and training equipment; 
and spares and components. 

RDT&E for Polaris amounts to 
$380 million. Of this, $271 million 
will go for development of the A-3 
missile; $33 million for an undis­
closed effort that "will benefit all 
three versions of Polaris"; $25 mil­
lion for development of improved 
communications; and $51 million 
for fire control, navigation and 
other subsystems. 

The A-1 Polaris missile (1,200 
nautical miles range) is now opera­
tional and deployed, the A-2 (1,500 
n mi) will go into operation this 
year and the A-3 (2,500 n mi) will 
be ready in two years. Present goal 
is 41 subs, all retrofitted with A-3 
missiles. Studies are underway to 
determine the need for an A-4 ver­
sion. 

Operation and maintenance 
($72.9 million) for operating and 

modernizing support vessels, main­
tenance of equipment and compo­
nents, crew training, logistics serv­
ices. This covers repair of launch­
ing and fire control, missile and 
guidance, navigation and test op­
erations, and support. An addi­
tional $7 4. 7 million will be spent 
by BuShips for support of deployed 
subs and tenders. 

Procurement of Aircraft and 
Missiles, $3,008 million. The House 
approved procurement of 899 new 
aircraft of 14 different types (Navy 
had asked for 887 at a cost of $1.9 
billion) along with guided missiles 
and support gear for the Navy and 
Marine Corps. Aircraft types in­
clude the close support jet attack 
plane A4D Sky Hawk, A2F In­
truder, and the F4H Phantom II 
jet fighter-bomber. The Army Iro­
quois helicopter will be bought for 
the Marines. 

For antisubmarine warfare use, 
the HSS-2 helicopter, the S2F 
Tracker carrier-based, fixed-wing 
plane, and the P3V Orion land­
based turbo-prop patrol bomber will 
be purchased. 

The A3J-3 Vigilante program 
was approved with the stipulation 
that approximately 50 A3J-l or 
A3J -2 versions would be modern­
ized in place of that many new 
planes. Navy requested $60 million 

Artist's conceptions of two carriers 
being converted as sea-going elec­
tronics centers. The ma.ior com­
munications relay ship (left) will 
be cavable of supvlying communi­
cations services in any area of the 
world. At right is a command ship 
that will vrovide strategic direction 
of operations in any area or world­
wide. Facilities will include com­
munications, data processing, stor­
age and display. Communications 
antennas for both ships are being 
specially designed 

electronics 



Over $7 Billion 

for updating fleet aircraft. 
Besides Polaris, the House ap­

proved funds to continue buying 
Terrier, Tartar, and Talos surface­
to-air missiles; Sparrow and Side­
winder air-to-air; and Bullpup air­
to-surface missiles. The antisub 
missile-torpedo, Subroc, will 1·emain 
on the list, and the new Shrike air­
to-ground missile will go into pro­
duction. 

Navy requested $431 million for 
guided missiles besides Polaris. 
Target drones will require $45 mil­
lion of this. The asw drone heli­
copter needs $36 million. Satellites 
and boosters for navigational sat­
ellite Transit will cost $14.3 million. 

Shipbuilding and Conversion, 
$2,907 million. The House approved 
construction of 37 ships and con­
version of 35. The attack aircraft 
carrier will be conventionally-pow­
ered, about the size of the Forrestal, 
but with improved electronics. In­
cluded are: a high capacity com­
munications system (Hicapcom), 
the Na val Tactical Data System 
(NTDS) (ELECTRONICS, p 30, Sept. 
16, 1960), and an aircraft auto­
matic landing system. 

Twenty-four destroyers will be 
converted with 1963 funds; a total 
of 79 destroyers are slated for even­
tual conversion. They will get new 
asw equipment including long-
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range sonar, Asroc, Dash helicop­
ters, radars and ecm gear. Getting 
the same gear are five escort ships, 
the new guided missile frigate 
(plus the Typhon missile), and the 
guided missile escort ships (plus 
Tartar). 

The Major Communications Re­
lay Ship will provide a boost to 
land-based communication systems 
and be able to move into specific 
areas when needed. 

Other Procurement, $901.7 mil­
lion. Navy requested $361 million 
for expendable ordnance, which in­
cludes rockets, bombs, torpedos and 
sonobuoys. More than half the pro­
gram is for asw. 

Modernization, calling for $339.6 
million, includes radars, sonars, 
communications receivers and 
transmitters, aviation ground elec­
tronic gear, cryptographic equip­
ment, fire control, test and check­
out, display, simulators and data 
processing. Ship's electronic gear 
accounts for $137 million of this 
amount; shipboard ordnance and 
aviation ground electronic pro­
grams, $43 million; catapults and 
landing aids, $23 million. 

Marine Corps Procurement, $256 
million. The Marine Corps will con­
tinue to buy the Hawk missile and 
will begin buying Redeye. The 
three-year procurement of the TPS-

SHIP BUILDING PLANS 

New Construction 

Attack aircraft carrier (CV A) . . 1 
Guided missile frigate (DLG(N)) 1 
Submarine (SS(N)) ......... . 8 
Fleet ballistic missile 

submarine (SSB(N)) ..... .. 6 
Amphibious transport 

dock (LPD) ............ . ... 4 
Amphibious assault ship (LPH) 1 
Escort ship (DE) ........... .. 5 
Guided missile escort ship (DEG) 3 
Motor gunboat (PGM) ....... . . 2 
Oceanographic research 

ship (AGOR) .............. 2 
Submarine tender (ASC(FBM)) 1 
Fast cargo support ship (AOE). 1 
Cargo ship (MSTS) .... ... .... 1 
Surveying ship (AGS) ........ 1 

Total . . .................. 37 

Conversion 

Major communication relay 
ship (AGMR) ........ . ..... 1 

Command ship (CC) .......... 1 
Destroyer (DD(FRAM)) ...... 24 
Mine countermeasure 

support ship (MCS) ......... 1 
Oiler (AU(Jumbo)) ........... 2 
Guided missile test ship (A VM). 1 
Ammunition ship (AE(Fast)) .. 2 
Cargo ship (AK(FBM)) ....... 1 
Technical research ship (AGTR) 2 

Total ..........••••••.... 35 

34 radar will be finished this year, 
and the TPS-32 will be initiated. 
The Marine Tactical Data System 
will also be bought for the first 
time. The currently used ssb radio 
will be continued, and two new 
types initiated. 
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Flexible Film 

This low-cost, transparent "self-contained laboratory" 
is designed for laboratory or production procedures 
demanding a controlled, isolated atmosphere ... 
whether it be dust-free, moisture-free, toxic compound 
confining, inert gas atmosphere .. . an almost 
endless list. 

Amsco's disposable Flexible Film Dry Box is ideal 
for delicate transistor and diode assembly, experimental 
metallurgy, missile sub-assembly work, instrument 
assembly .. . even Alphi>. radiation studies. The clear 
plastic canopy enables technicians to work comfortably 
and swiftly with no eye strain. 

When not in use the "envelope" may be collapsed 
into a compact package for convenient storage. Upon 
completion of certain studies, the canopy may be 
disposed of and replaced quickly and economically 
The chamber size is 48" long x 26" wide x 28" high and 
is provided with four "working" ports, a large inter­
change lock for introducing parts and several tubular 
ducts for service Imes. Complete air filtration system 
is optional. 

Won't this low-cost, disposable 
Dry Box fit into your laboratory 
or production plans? An Amsco 
man will be happy to discuss the 
matter in detail ... or write 
for bulletin IC-607. 

World"• largut designer and 
manufacturer of Slerillzers, 
Surgical Table•, Light• and 
related lechnlca/equipmentfor 
ho3pltala, inJu3lr11, reaearch 

AMERICAN 
STERILIZER 
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RELIANCE DEVELOPS ADVANCED COMMERCIAL 
FREQUENCY-CONVERTED D-C POWER SUPPLY 

Facts book now ready covering data 
processing and communications equipment 

Converting from 60 to 3000 cycles 
before rectifying to d-c. this new 
Reliance D-C Power Supply brings 
you these major advantages: 

1. High frequency A-c. distribution 
- multiple rectifiers at point 
of use. 

2. Low cost, compact, high freq­
uency components. 

3. Maximum protection against 
line voltage and frequency dis­
turbance. 

4. Simplicity in maintaining high 
quality D-c. voltages. 

Talk to our people about 
this new Reliance devel­
opment ••• and be sure to 
get the booklet with all technical 
facts. Write today. Reliance 
Eledric and Engineering Co., Dept. 
83-6, Cleveland 17, Ohio. Cana-
dian Division: Toronto, Ontario. 

RELIANCE ELECTRIC AND 
ENGINEERING CO •• 
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JOMC FREQUENCY 
COUNl'ER I SI' AND ARD 

A NEW CONCEPT IN PRECISION MEASURING 

The Model 14-20C lOMC Frequency Counter/ 
Standard combines features of a precision 
counter and a high stability frequency stand­
ard into an advanced design unit. 
• Simultaneous and independent use of both frequency 

standard and counter. 
• Stability of lxl0° per day and 5xl06 per week. 
• Nine standard decade output frequency from O.lcps. Gate 

time from 1 millisecond to 100 seconds. 
• Counts any one of nine 

decade frequencies from 
O.lcps to 10 MC for pe­
riod and time interval 
measurements. 

• Self checks counting 
and gate circuits at any 
of these frequencies in 
all combinations of 
available gate times. 

• Operates within -20° 
C to +55° C. 

• Operates from an ex· 
ternal lOOKC or IMC ref­
erence frequency. 

WESCON BOOTH #3245 

NOR'IH EAS'IERN 
ENGINEERING INCORPORATED 
AFFILIATE OF ATLANTIC RESEARCH CORPORATION 

DEPT. 2A MANCHESTER, NEW HAMPSHIRE 
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Latest Tests Prove-

EVEREADY®CAJHODIC ENVElOPE BATTERIES GIVE UP TO 

3 TIMES MORE SERVICE,lOWER OPERATING COST! 

I 

Scheclula 
2 hours/day 2 hours/day 4 hours/day 
to 4.8 volts· to 4.8 volts to 4.8 volts 

Typical Starting 
50 15 25 Current (Milliamperes) 

1 'Eveready'' No. 2762 
Hours Service 375 hours 1250 .. hours 700 hours 
Cost per hour $.0073 $.0022 $.0039 

6 ''D11 Size Cells 
Hours Service 125 hours 355 hours 245 hours 
Cost per hour $.0096 $.0033 $.0048 

New Design Permits 
Greatest Efficiency and Economy! 

New "Eveready" Brand Cathodic Envelope Energizers 
were designed especially to meet the requirements of 
modern transistor radios and other electronic devices. 
They provide more energy, longer life, and lower opera­
ting cost than conventional battery construction. 

In addition, they offer the radio set manufacturer 
cost savings, such as elimination of contacts needed 
when round cell batteries are used. Compact construc­
tion gives engineers new freedom in design. 

4 hours/ cloy 
to 4.8 volt$ 

15 
Look 
at 

these 
Results! 

420 hours 
$.0029 

l GUARAN7EED LEAKPROOF 
Union Carbide Consumer Products Company offers a 
guarantee which reads: "If this battery is defective 
through fault of the manufacturer, satisfactory adjust­
ment will be made within the limits of the value of the 
electronic device.'' 

Available in Variety of Sizes! 
" Write for complete technical information on "Eveready" Energizers • 

• " Eveready" and " Union Carbide" are regi stered trade-marks for products of 
UNION CARBIDE CONSUMER PRODUCTS COMPANY• Division of Union Carbide Corporation • 270 Parle Avenue, New Yorlc .I 7, N, Y. 
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NfW Openings for 
Delco Radio's continuous search for new and 
improved electronic products provides chal .. 
lenging opportunities-in several areas-for 
capable engineers; specifically: 

MOBILE COMMUNICATIONS (Auto• 
mobile Radiotelephone) EQUIPMENT­
EEs-3-5 yrs. Exper-for design of and 
production assistance with 150 and 450 me 
receiver transmitters; transistorization, pack­
agi;g, duplex operation and dial mobile. De­
sire experience or interest in mobile com­
munications equipment, private system or 
telephone link. 
Project Engineers-work includes super­
vising type tests and FCC qualification test­
ing of automotive radiotelephone equipment. 
Must audit designs for field reliability. 

SUBMINIATURE MILITARY COMMUN• 
!CATIONS EQUIPMENT-
EE or ME-for assignment to develop .. 
ment group designing all-transistor portable 
transmitters and receivers, operating in 2-100 
me range. FM-AM-FSK-CW-SSB 
modulation. 

AUTOMOTIVE RADIO DESIGN AND 
DEVELOPMENT-
EE-to work with Senior Engineer on ad­
vanced development of auto radios and other 
entertainment devices, including FM-AM, 
miniaturized circuitry and components. 
ME-for design of small electronic mecha­
nisms, including FM-AM, Signal Seeking 
and push-button tuners, and components 
modules. 
EE or ME-for packaging of auto radios and 
associated tuners, solenoids, etc. Required to 
make some engineering contacts with auto .. 
mobile manufacturers. 

DIGITAL CIRCUITS AND SYSTEMS­
includes card, module and digital syste:ns de• 
sign, and production liaison involving com• 
ponents and special purpose systems oper• 
ating from 200 kc to 10 me. 
Project Engineer-to direct efforts of de­
sign engineers and technicians in designing 

An equal opportunity employer 

in Product 
Design 
and 
Development 

and releasing digital circuits for production. 
Supervisory experience highly desirable. 
EEs-for design and development testing 
and packaging of transistorized digital switch­
ing circuits from 200 kc to 10 me. 

RELIABILITY ASSURANCE­
Project Engineer-to handle tests and eval .. 
uations of transistorized systems and compo­
nents, both power and small signal type. Must 
evaluate results and associated statistical data. 
Also includes failure analysis work with sup­
pliers and production. 
EE-for design and development work on 
test equipment for semiconductors and special 
products, such as radiotelephone. 

AUTOMOTIVE ELECTRONICS-non­
entertainment automotive electronic develop­
ment including radio control for Garage Door 
Operators; other transistor applications in 
automobile, usually involving electrome­
chanical transducers-
ME-for advanced development work in 
electromechanical systems used in automo­
tive field. 
EE-for design and development of tran­
sistorized automobile equipment. 
EE or ME-with electromechanical interests 
for development of electronic equipment for 
the automotive service market. 

e If your interests and experience fall in the above 
areas and if you're looking for an opportunity to 
fully exercise your personal competence ... among 
men of like talent ... in unmatched facilities ..• 
then let's talk. Send your resume today to the at­
tention of Mr. Carl Longshore, Supervisor Salaried 
Employment. 

DELCO RADIO DIVISION OF GENERAL MOTORS 

KOKOMO, INDIANA 
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Why 
Fish Around 

for 
Fast Deliveries? 

• • • Hook Up with 
Need resistors on the double for small runs, military prototypes, 
production emergencies, or hurry-up design and engineering proj­
ects? Get them from Stackpole Distributors-in 24 hours or less! 

Today's handsomest resistors, Stackpole Coldite 70+ are 
just as good as they look. Performance meets and beats latest 
MIL-R-11 requirements - pays extra load-life and moisture­
resistance bonuses. And exclusive solder-coated leads stay tarnish 
free for fastest soldering. Order Coldite 70+ Fixed Composition 
Resistors in 2-watt (RC-42), 1-watt (RC-32), and 1h-watt (RC-20) 
sizes - in all standard values and tolerances - right from Dis­
tributors' stocks. 

A val/able In R4 hours or less 
from these Leading Distributors I 

ALABAMA 
OPELIKA-Southern Electron ics Corp. 

CALIFORNIA 
GLENDALE-I . V. Wea therford , Co. 
LONG BEACH-Oeons Electron ics 
LOS ANGELES-R ising · s. Inc . 
OAKLAND-Bri ll Electronics 
PASADENA-Wesco Electron ics 

COLORADO 
DENVER-Denver Electronics Supply Co. 

CONNECTICUT 
WATERBURY-Bond Rad io Supply Co ., Inc. 

DISTRICT OF COLUMBIA 
WASHINGTON-Electron ic Wholesa lers , Inc. 

FLORIDA 
MELBOURNE-Electron ic Wholesalers, Inc. 
MIAMI-Electronic Wholesalers, Inc. 
TAMPA-Thurow Electronics , Inc . 
WEST PALM BEACH-Goddard Dist. Inc. 

GEORGIA 
ATLANTA-Specialty Dist . Co . , Inc. 

INDtANA 
INDIANAPOLIS-Rodio Dist . Co. 

KANSAS 
WICHITA-lnterstote Elect. Supply Corp . 

KENTUCKY 
LOUISVILLE-P . I. Burks Co .. Inc. 

MARYLAND 
BALTIMORE-Electronic Wholesalers , Inc , 

Kann-Ellert Electronics, Inc. 
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MASSACHUSETTS 
BOSTON-Soger Electr ical Supply 
WATERTOWN-Northeast Elect. Dist .. Inc, 
N. WILBRAHAM-lndustriol Comp. Corp, 
NEWTON-Cramer Electronics 

MICHIGAN 
BATTLE CREEK-Electronic Supply Corp. 

MISSOURI 
ST . LOUIS-Interstate Ind. Electronics, Inc. 

NEW JERSEY 
MOUNTAINSIDE-Federated Purchaser. Inc. 
WHIPPANY-State Electronics Parts Corp . 

NEW YORK 
BROOKLYN-Electronic Equipment Co., Inc. 

Quad Electronics, Inc . 
BUFFALO-Summit Dist .. Inc. 
HEMPSTEAD-Hempstead Electronics 
LYNBROOK-Peerless Radio Dist . Co. 
MINEOLA-Adelphi Electronics, Inc . 

Arrow Electronics, Inc . 
NEW YORK-Electronics Center, Inc. 

Harvey Radio Corp . 
Milo Electronics Corp. 
Sun Radio & Elect. Co., Inc. 

ROCHESTER-Americon Electron ics , Inc. 
SYRACUSE-Horvey Elect.-Syracuse, Inc. 

Morris Electronics of Syracuse 
WHITE PLAINS--Westchester Electron ic 

Supply Co .. Inc . 
WOODSIDE-Bora Electron ics , Inc. 

NORTH CAROLINA 
WINSTON -SALEM-Elect. Wholesalers, Inc. 

OHIO 
CLEVELAND-Pioneer Electronic Supply Co. 
CINCINNATl-Herrlinger Dist . Co. 
COLUMBUS-Hughes-Peters, Inc. 

OREGON 
PORTLAND-Lou Johnson Co., Inc. 

PENNSYLVANIA 
PHILADELPHIA-Almo Radio Co . 

Philadelphio Elect., lne, 
SCRANTON-Fred P. Pursell 

SOUTH CAROLINA 
FLORENCE-Southern Electronics , Inc. 

TEXAS 
DALLAS-Wholesole Electronic Supply 

VIRGINIA 
ROANOKE-Peoples Radio & TV Supply Co, 

WASHINGTON 
SEA TTLE-C & G Electronics Co. 
TACOMA-C & G Electronics Co . 

56 Distributors-PLUS 
and G-C/ ST ACKPOLE, TOOf 

Attractively packaged by G -C Elec· 
tronics for service replacement uses, 

Caldite 70 + Resistors are also avail ­
able through over 800 G -C distributors. 
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TEVIN MICRO DRILL PRESSES are sensitive _______ ... ® 

because there are no sliding quills and 

splines to cause drag. They are accurate because the precision 

preloaded ball bearing spindle is made to hold Levin WW Style 

Collets. For drilling holes from Vath inch down to 1/1000 inch and 

smaller look to Levin for the finest in Micro-Drilling equipment. 

Send for Drill Catalog Today 

LOUIS LEVIN & SON, INC. 
3573-1 Hayden Avenue Culver City, California 
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TANSITOR's NEW WET SLUG TANTALUM CAPACITORS 
MINIMIZE LEAKAGE CURRENT, SAVE SPACE 

• Operate from - 55 to + 85C, up to 125 volts 
• Low power factor • Long shelf life at - 65C 
• Polar construction • Insulated or uninsulated 

CIRCLE 26 ON READER SERVICE CARD 

These new W-type wet slug capacitors have one of the 
lowest leakage current ratings of all T ANSITOR tan­
talums. Usually shorter and thicker than standard tanta­
lum foil capacitors, they can frequently be used where 
space prevents use of foil units. 

Axial leads and clean shoulderless shape sim­
plify installation on printed circuit boards. 

Ideal for low voltage transistor applica­
tions such as filtering or energy storage 

for guided missiles, computers, navi· 
gation, communication and control 

equipment. 
FOR COMPLETE DETAILS 

write or 'phone T ANSITOR 
ELECTRONICS, INC., 

\ 
\ 

Dept. 24C 
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miniature~ 000:0 ° 0 o-rings. A new manufacturing technique now enables Parker 
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0 
Seal Company to offer miniature o-rings that are far superior 

0 
o 

0
o 

0 
°0 dimensionally and in quality of finish. 

0 These amazingly near-perfect o-rings can be made in nearly all our 
0 

0 

standard compounds for usage in a wide variety of fluids and gases, 
and covering a temperature range from -85° to + 400° F. 

If the products you manufacture or design require very 
small seals let us tell you about our miniature o-rings. 

Just send for Bulletin # 142 
Incidentally, there are 351 o-rings this size • behind that dime! 



Fly's eye camera would be able to 
look through a wide angle and 
track different celestial objects 
independently 

DISPLAYS ARE KEY TO 

Apollo Control by Crew 
By ROY J. BRUUN, A ss is tant Editor 

OPT IC AL 
SENS ORS 

ACC ELEROMETER 

Velocity correction system is di­
rected by the crew. Earth-based 
computing facility backs up on­
board system 

NASA IS STILL keeping under wraps 
specific information on electronic 
systems design approaches for 
Project Apollo, the program to land 
a three-man crew on the moon dur­
ing 1967-1970. However, equip­
ment needs are indicated by infor­
mation from one of the successful 
bidders and by conference papers 
delivered by NASA personnel. 

Contracts have been let for some 
of the basic systems (see table) re-

APOLLO CONTRACTOR LINE-UP 

quired for earth orbital trials. No 
contracts haYe been given for sys­
tems needed in later phases. These 
include rendezvous, abort capabil­
ity (return to earth in case of trou­
ble) and navigation between earth 
and the moon. 

While work on these systems will 
probably not be withheld long, im­
plementation will depend on results 
of earth-orbital trials. North 
American Aviation, as prime con­
tractor, and NASA will determine 
who the subcontractors will be. 

Northrop, one of the firms now 
working with North American, in­
dicates that the three-man crew 
will be the primary "control ele­
ment." The crew will need flight 
data presentations that will enable 
them to maintain orientation, speed 
and course. Display information 
wou Id include: 

• Attitude. Factors that have to 
be continuously checked are ran­
dom oscillations, tumbling, rolling, 
pitching and yawing. 

• Velocity. This is critical to 

Prime Contractor: North American Aviation 
Communications, televis ion, telemetry: Collins Radio 
Flight control and stabilization: Minneapolis-Honeywell 
Environmental system: AiResearch 
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Recovery System: Northrop (Radioplane division) 

Integration analysis, reliability and check out system: General Electric 

Initial navigation-guidance system: MIT Instrumentation Lab 
Inertial platform, associated electronics, guidance ground support and 
checkout system: General Motors (A.C. Spark Plug) 
On-board guidance system digital computer: Raytheon 
Optical sub-systems (navigation display equipment, etc): Kollsman 
Accelerometers: Sperry Gyroscope 

navigation. 
• Thrust vector. Maneuvering 

may be by a variable-thrust ex­
haust. 

• Propulsion system tempera­
ture. Needed to gage propulsion 
performance. 

• Tracking. A concise method of 
showing the vehicle's actual track 
and course drift variation is con­
sidered essential. 

• Distance measuring. Needed 
for pilot decisions, it should show 
time elapsed and time to go, at any 
point in the flight. 

• Course monitoring and check­
ing. This would give instantaneous 
and continual data on any depar­
ture from true course. 

• Launch monitoring. Would as­
sure conformity with predeter­
mined launch sequence, on takeoff 
and return to earth. 

• Provisions. This would show 
how much fuel, stores and other 
supplies are available. 

• De-orbit map. On this, the 
pilot could see his position, pre­
dicted ground track on earth, pos­
sible landing areas if the vehicle 
should de-orbit at any time, and 
communications stations. 

• Reentry. Displays would show 
predicted, optimum and safe limits 
of reentry angles and position rela­
tive to earth topography. 

On-board and self-contained nav­
igation systems using optical celes­
tial sensing techniques are essen­
tial for nearly all future space 
systems, according to K. N. Satyen­
dra, Nortronics director of re­
search. Such systems would work 

electronics 



ATTITUDE SENSORS(2) 
RADIO 

TV 
SCANNERS(4) 

l-R 
TRACKER INTERFERO- ATTITUDE POSITIONING 

SENSORS COMMANDS 

HORIZON 
TRACKERS(4) 
S PROXIMITY 
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Space 1·endezvous homing and docking system proposed by Northrop . Sensors on manned capsule (A) would provide 
data for automatic and pilot control systems ( B) 

with, but have little dependence on 
ground equipment. With thousands 
of objects likely to go into orbit in 
the next decade, earth-based sys­
tems face tracking and communi­
cations jams. 

Satyendra feels the trend is to­
ward nonradiating, fully inte­
grated systems, rather than the 
heterogeneous systems being used 
in early space programs. An inte­
grated system would include an 
astro-inertial platform, earth, moon 
and star trackers, radio altimeter 
and computer-clock. Navigational 
accuracy would be obtained by us­
ing statistical techniques. 

Among optical techniques offer­
ing increased accuracy and relia­
bility with reduction in size, weight 
and power is the nonrotating 
sensor or "fly's eye camera." A mo­
saic array with a memory of the 
stars and solar system could pro­
vide navigational data. Satyendra 
also says that Iaser-doppler tech­
niques for distance measurement in 
space are becoming feasible. These 
could improve landing distance and 
velocity measurement accuracy. 

C. L. Smith and J. D. McLean, of 
NASA's Ames Research Center, 
say that midcourse navigation to 
the moon will require complete and 
versatile on-board capability, but 
that this should be thoroughly 
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backed up with ground tracking 
and computation. 

Tracking, computation, display 
and control features of the system 
would be under direct control of 
the crew. Tracking data from op­
tical sensors would be computed 
on-board and also transmitted to 
earth for computation there. 

The crew would check on-board 
computation against computation 
transmitted back from earth, then 
decide on velocity corrections. If 
taken, corrective action would be 
measured by integrating acceler­
ometers and fed back into the on­
board computer. Abort, represent­
ing a large velocity correction, 
would be handled the same way. 

Smith and McLean say simula­
tion studies show that a lunar mis­
sion could be handled with just the 
on-board system. The redundancy 
of the earth system would mini­
mize errors and provide emergency 
operating capability. 

The pilot displays listed above 
would also be needed for space­
craft rendezvous with an orbiting 
space station. A tracking network 
on earth, augmented by an on­
board tracking system, would be 
used to determine orbital launch 
and burnout locations and the bal­
listic trajectory to the moon. 

Northrop's N orair division has 

designed a system for rendezvou s 
homing and docking that would use 
radar, ladar (light tracking and 
ranging) and photoelectric sys­
tems. It would be an automatic sys­
tem with pilot override. 

As the manned capsule ap­
proaches the space station, closing 
velocity and rate would be auto­
matically controlled through radar 
data. At a distance of 250 feet, the 
main engines would shut off and 
low-thrust jets be used. 

If the pilot did not take over 
docking, the automatic system 
would bring the capsule to within 
50 feet of the station and hold it 
there. Alignment between the two 
vehicles would be handled by a 
radar interferometer with polar­
ized antennas. The ladar would 
serve as a redundant alignment 
system. 

Position error signals for dock­
ing are provided by an infrared 
tracker that detects an ir sourc:! 
on the space station. The tracker 
points a searchlight at photoelec­
tric sensors on the station. The,;e 
sensors and photoelectric attitude 
sensors on the capsule provide error 
s ignals for final position correction. 

Radar and optical data are pre­
sented to the pilot on displays. The 
pilot can also transmit positioning 
instructions to the station. 
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Bacteria and Enzymes Produce Power in 

been achieved, he reported. 
Biocells may be divided into two 

types: those using indirect reac­
tions and those using direct reac­
tions. In the former, the biochemi­
cal and electrochemical reactions 
are separate and the cell operates 
on a stable intermediate, such as 
hydrogen or oxygen, produced by 
the biological process. In the exam­
ple illustrated, the biochemical re­
action occurs in a separate fu el 
generator, producing electroactive 
fuel. The remainder of the system 
acts as a normal fuel cell. 

Biochemical fuel cell is prepared for test in chemical research laboratory 
at Electro-Optical Systems, Inc. 

In the direct biocell, the active 
intermediate has a transitory ex­
istence and both reactions occur in 
contact with the electrode. As il­
lustrated, fuel is put into the fu el 
chamber with a catalyst such as 
bacteria or enzymes. The catalyst 
starts producing the electrochemi­
cal reaction when the fuel is 
wetted. 

By MICHAEL F. WOLFF 
Seni or Associate Edito r 

NEWEST EYECA TC HER among power 
sources is the biochemical fuel cell, 
or biocell. Several companies are 
actively researching biocells and 
batteries. Army Signal R&D Labs 
is asking for bids on a biobattery. 

Biocells use biological substances 
as catalysts. As in other fuel cells 
and batteries, conversion of chemi­
cal energy into electrical energy oc­
curs through the transfer of elec­
trons from the fuel at the anode to 
the oxidant at the cathode. 

Because biocells can operate on 
materials like sea water, human 
waste and decaying vegetation, spe­
cialized applications can be forseen 
-spacecraft ecological systems, 
sewage conversion systems, buoy 
power sources and propulsive 
power for ships, to name a few. 
However, the biocell is now an ex­
perimental device with relatively 
low power density. Further under­
standing of basic biological mecha­
nisms is sought, to guide selection 
of the proper materials and con-
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figurations for practical biocells. 
At the recent 16th Annual Power 

Sources Conference (ELECTRONICS, 
p 27, June 8) G. H. Rohrback, of 
Magna Corp., said the most prom­
ising fuels for biocells include hy­
drocarbons, fatty acids, alcohols, 
carbohydrates and urea. Promising 
oxidants include nitrate, sulfate 
and carbonate anions. Useful bio­
logical substances are micro-organ­
isms, including bacteria, and en­
zymes. Current densities of the 
order of amps per square foot have 

ELECTRO-ACTIVE FUEL 

Magna Corp., much of whose 
w o r k i s Navy-sponsored, h as 
worked out techniques for directly 
oxidizing fuels such as sugar at an 
electrode. Magna has also operated 
a multiwatt magnesium sulfate cell , 
designed to operate in the ocean 
where sulfate is plentiful, and a 
urea battery. Solar biocells using 
photosynthetic organisms are un­
der study. 

G en er a 1 Scientific Corp. re­
searchers report that micro-organ­
ism and enzyme cells have powered 
a transmitter and a model boat op­
erated in sea water. Covering the 
electrodes with micro-organisms 

GELLED ELECTROLYTE 

FUEL 
GENERATOR 
CONTAINING 
BACTERIA 

+ BIOCHEMICAL 
FUEL 

FUEL CHAMBER 

(A) 

Conceptual dr awings of indirect (A) and direct (B, on facing page) cells 
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New Biocells 

HISTORICAL NOTE 

WHILE biological ]Jrocesses to ]Ji'O­
mote useful electrode reactions 
have been actively studied only 
recently, biological batteries are 
apparently not new. W. Van Der 
Grinten, of GE, reports that in 
1911 a University of Durham 
botany professor, M. C. Potter, de­
scribed (Proceedings of the Royal 
Society S eries B, Vol . 84) how a 
battery of six yeast cells with car­
bon electrodes connected in pctr­
allel gave 1.25 ma. B. Cohen, of the 
Johns Hopkins Medical School, 
reported on a 2-ma "bacterial bCLt­
tery" in 1981 ( JournCLl of Bacteri­
ology, Vol. 21) 

increases current densities. As long 
as the organisms are fed with a nu­
trient, current flows and no polar­
ization occurs. According to Robert 
Sarbacher, micro-organism reac­
tion rate is increased by intimate 
association with the electrical cir­
cuit at the electrode. 

GE's Missile and Space Vehicle 
department is investigating bio­
cells for spacecraft ecological sys­
tems processing human waste into 
hydrogen and oxygen for drinking 
water and air supply, as a space 
power source and for modifying 
wastes as in sewage disposal. 

Flow Labs has operated biocells 
using bacteria and naturally occur­
ring nutrients from the sea. J. A. 
Welsh said this was a continuation 
of work previously reported ( ELEC­

TRONICS, p 10, April 28, 1961 ) . 

POROUS 
BACKING 
PROVIDES 
MOISTURE 
TO ACTIVATE 
FUEL 

FUEL 
+BACTERIA 
OR ENZYMES 

(Bl 
under study at Ma9na Corp. 
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Well-known, Widely-used Al I r L 1• • 
MADT® Logic Transistors ttOW • rO/' f"e 1//'$f f1me ..• 
Now in Smaller Size 

T0-18 Version of Popular Low 
Cost 2N1499A Now Available 

The new Sprague Type 2N979 tran­
sistor has solved size, cost and de­
pendability problems for logic circuit 
designers. This unit is electrically 
identical to the well known 2Nl499A 
MADT logic transistor and offers 
the T0 -18 package size advantage. 
The low cost 2N979 is designed to 
meet the requirements of MIL-S-
19500. 
High-Frequency switching speeds 
Designed for use in saturated switch­
ing circuits, the Type 2N979 Tran­
sistor is capable of switching at 
frequencies in excess of 10 mega­
cycles. Ideal for logic circuits, it 
offers low storage time, low satura­
tion voltage, and high beta. Here are 
some key parameters: 

IcBo 3µa max. 
BVcEs 20V min. 
BVcEO • 15V min. 
fr . . . 100 me min. 

Dependable performance 
In addition to good electrical char­
acteristics, the 2N979 Transistor has 
a hermetically-sealed T0-18 case 
which is cold welded to insure 
greater reliability. 
A ttractively priced 
Available in production quantities, 
the 2N979 is a first-run device, not 
a "fall-out". Produced on FAST 
(Fast Automatic Semiconductor 
Transfer) lines with direct in-line 
process feedback, high production 
yields make possible its lower cost. 
Engineering assistance avai lable 
For ap plication engineering 
assistance, write Transistor Division, 
Product Marketing Section, Sprague 
Electric Company, Concord, N.H. 

For complete technical data, write 
for Engineering Bulletin 30,226A to 
Technical Literature Section, 
Sprague Electric Company, 35 
Marshall St., North Adams, Mass. 
@T.M. Philco Corp. 

HPB 45-413 
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YOU CAN TEST 
ELECTROLYTIC 
CAPACITORS 

Safely ... Accurately . . . Simply! 
The Sprague Model 1W1 Capacitance 
Bridge incorporates the best features 
of bridges used for many years in 
Sprague's own laboratories and pro­
duction facilities. Unlike many con­
ventional bridges, the 1W1 will not 
cause degradation or failure in ca ­
pacitors during test, since the 120 
cycle a -c voltage applied to capaci ­
tors never exceeds 0.5 volt! 

SPECIFICATIONS 
Capacitance 

Range: 0 to 120,000µF at 120 cps 
Accuracy: ±(13 of reading +lOµµF) 
Sensitivity: ±(0.13 of reading +lOµµF) 

Dissipation Factor 
Range: 0 to 1203 at 120 cps 
Accuracy: ±(23 of reading +0.13 OF) 
Sensitivity : ±(0.23 of reading +0.053 OF) 

Maxim um Voltage to Un known 
A-C: 0.5v RMS at 120 cps 
D·C: 0·600v (external) 

Null Detection 
Built-in Galvanometer to 
Indicate Bridge Balance 

Power Input 
105·125v, 60 cps , 15w 

(Also available in 115v and 230v, 50 cps models) 
Case 

Sturdy Aluminum Cabinet with 
Blue Textured Finish, Grey Panel 

Dimensions 
12" Wide x 12" High x 9" Deep 

For complete technical data , write 
for Engineeri ng Bulletin 90,010 to 
Technical Literature Section, Sprague 
Electric Company, 35 Marshall St., 
North Adams, Massachusetts. 
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AUDIO 
~---1 COMPRESSOR 

EXPERIMENTAL 
PRESSURE 

MICROPHONE 

SPECTRAL 
MEMORY 

TIME COMP­
ENSATED 

LIMITER AND 
NOISE 

SUPPRESSOR 

ANA TEST AND 
LYSIS DISTRIBUTION 

DISPLAY CIRCUITS 

SYLLABLE 
DISPLAY 

SYLLABLE 
MEMORIES 

1-24, 25-48, 49-64, 65-96 

AMPLITUDE 
COMPARING 
DETECTORS 

BAND 
PASS 

FILTERS ,----::-i 
250- 500 

500- 775 

775 - 1,100 

1,100 - 1,500 

1,500-2,000 

2,000-3,000 

3,000-5,000 

5,000-20,000 

SYLLABLE 
ENCODER 

SPELLING 
MEMORIES 

TO SPEECH 
SYNTHESIZER 

SYLLABLE 
ENCODER 

1-32, 33-64, 65·96 

TYPING 
CONTROL 

TO TYPEWRITER -------1 ._ ___ _. 

Speech input to microphone is analysed a.ncl converted into syllable code 
for operation of coded typer. RCA system types out words in real time 

Speech Processor Types and Talks 
SPEECH PROCESSING system able to 
convert monosyllabic speech into a 
syllable code, provide language 
translation, and speech synthesis 
plus typewriter output was demon­
strated by RCA's Princeton Labs. 

The equipment understands 52 
monosyllabic words, 46 in English 
and 6 in French, can store up to 
96 syllables, and operates in real 
time. 

Printed output is 62 monosyl­
labic words, 48 in English and 14 
in French, German and Spanish. 
Speech from the voice synthesizer 
is 50 words in three languages. 

System operation begins with 
voice input to an experimental mi­
crophone. Syllables or monosyl­
labic words are compressed and 
limited. Low level noise effects are 
reduced in this amplitude-normal­
izing system. Eight band-pass fil­
ters-each a 10-section, high-pass, 
low-pass, constant-K design-sepa­
rate the signal's frequency compo­
nents and feed them to amplifier­
rectifier units. 

Each output d-c voltage, propor­
tional to the signal envelope, is 
quantized to specify the second de­
rivative of the frequency-spectrum­
contour curve. Output of all chan­
nels gives spectral information, 

32 

amplitude-quantized for each syl­
lable. 

A time-compenstated spectral 
memory permits various talking 
speeds and transfers spectral in­
formation to the frequency spec­
trum display. 

Output of the memory goes to a 
syllable encoder for transmission to 
syllable decoders in various output 
systems. Printed output is provided 
by the code typer with its spelling 
memories and the typing control 
unit. Final typed output must be 
rewritten by a human, if words 
with similar sound but different 
spelling must be cl i fferentiated. 

Maximum speaking rate is 11 
words in 10 seconds, with a 60-ms 
delay before each syllable. A speech 
synthesizer may be connected as 
parallel output. 

A language translation machine 
is inserted before any of the sylla­
ble decoding operations if desired. 

The system requires only 23 bits 
per second bandwidth for coded 
transmission of normal speech, in­
dicating communications uses. 

The system is under development 
by Harry F. Olson, Herbert Belar 
and Ricardo de Sobrino. Continuing 
work will be funded by RCA and 
the Signal Corps. 

DELAY-LINE 

Raychem coaxial delay line cables are 

pre-eminent in a field where technical 

excellence is the salient consideration . 

Specifically, these coaxial delay lines 

offer the most reliable performance 

for broad-band applications at micro­

wave frequencies. This superior per­

formance is the result of three distinc­

tive features characteristic in Raychem 

coaxial delay lines. 

• Lowest attenuation per nano­

second of delay. 

• Greatest attenuation stability 

over a wide temperature 

range (-55°( to 125°(). 

• Lightest weight. 

After all aspects have been consid­

ered, Raychem delay lines - with 

attenuation that is characteristically 

lower than other available delay lines 

- is the performance leader; and 

they weigh up to 30 % less. 

RAYCHEM 
CORPORATION 
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e LOWEST ATTENUATION PER NANOSECOND OF DELAY. 

• GREATEST AnENUATION STABILITY OVER A WIDE 

TEMPERATURE RANGE C-55°C TO 125°CJ. 

e LIGHTEST WEIGHT. 

LEADER IN RADIATION CHEMISTRY 

FOR ELECTRONIC WIRE AND CABLE 
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DELAY-LINE 
COAXIAL CABLE 

RAYCHEM 
CORPORATION 

® 
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THE ' 
FIRST• 

ALL-TRANSISTOR 
MILITARIZED 

OSCILLOSCOPE 
TO MI L-E-16400 

ONLY 18 POUNDS 

Draws less than 
25 watts 

DC to 6 me 
bandwidth 

Plug-in 
pre-amplifiers 

(single or 
dual trace) 

!liJ MODEL K-10& 

The first all-transistor oscilloscope to meet 
MIL specs, the versatile K-106packs18 
pounds of rugged dependability and 

I 
100% 

transistorized 
(except CRT) 

F's in V2 
bic foot 

high performance into an 8%" by 61h" by 
14" carrying case. It can be hand carried 
for field or bench use, rack mounted 
without chassis modification for lab 
activities, or utilized as a systems 
component wherever space is at a premium. 
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___ ,,, 
Full technical and performance data on 
the Model K-106 and all accessories are 
available upon request. 

Model K-106 illustrated 
with optional probes, 
accessories and 
removable front cover. 

@f~rt!l/l@/j}f~ !l@/PJ@ ~ i/11J$fifllff/J@/l}!f, !l!WJ!IJY!l@llJ 
ol General Atronics Corporation 

1200 E. MERMAID LANE, PHILADELPHIA 18, PENNA . 

(formerly Electronic Tube Corporation) 
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MEETINGS AHEAD 

AEROSPACE TRANSPORT, AIEE; Denver­
Hilton Hotel, Denver, Colo., June 17-22. 

BROADCAST & TELEVISION RECEIVERS CON­
FERENCE, IRE; O'Hare Inn, Chicago, 
Ill., June 18-19. 

MILITARY ELECTRONICS 6TH NATIONAL 
CONVENTION, IRE-PGMIL; Shoreham Ho­
tel, Washington, D. C., June 25-27. 

ELECTROMAGNETIC THEORY & ANTENNAS 
SYMPOSIUM, Tech. Univ. of Denmark, 
et al; Copenhagen, .June 25-30. 

COMPUTER & DATA PROCESSING SYMPO­
SIUM, Denver Research Instit.; Estes 
Park, Colo., June 27-29. 

AUTOMATIC CONTROL JOINT CONFER­
ENCE, IRE-PGAC, AIEE, ISA, ASME, AICHE; 
N. Y. Univ., NYC, June 27-29. 

RADIO PROPAGATION COURSE, National 
Bureau of Standards and University 
of Colorado; NBS Boulder Laborato­
ries, Boulder, Colo., .July 16-Aug 3. 

RELIABILITY TRAINING CONFERENCE, IRE, 
ASQC; Princeton Inn, Princeton, N. J., 
.July 9-13. 

ENERGY CONVERSION PACIFIC CONFER­
ENCE, AIEE; Fairmount Hotel, San 
Francisco, Calif., Aug. 13-16. 

LUNAR MISSIONS MEETING, ARS; Pick­
Carter and Statler-Hilton Hotels, 
Cleveland, Ohio, June 17-19. 

MEDICINE & BIOLOGY DATA ACQUISITION 
AND PROCESSING, IRE-PG ME, AJEE, ISA; 
Strong Memorial Hosp., Rochester, 
N. Y., .July 18-19. 

INTERNATIONAL SOUND FAIR, Institute 
of High Fidelity Manufacturers, Mag­
netic Recording Industry Assoc., et al; 
Cobo Hall, Detroit, .July 25-29. 

PRECISION ELECTRONIC MEASUREMENTS 
INTERNATIONAL CONFERENCE, IRE-PG!, 
NBS, AIEE; NBS Boulder Labs, Boul­
der, Colo., Aug 14-16. 

CRYOGENIC ENGINEERING CONFERENCE, 
University of California; at UCLA, 
Los Angeles, Calif., Aug. 14-16. 

ELECTRONIC CIRCUIT PACKAGING SYM­
POSIUM, U . of Colorado, et al; at U. of 
Colorado, Boulder, Colo.; Aug. 15-17. 

AIRCRAFT & MISSILES JOINT WESTERN 
REGIONAL CONFERENCE, ASQC; Benja­
min Franklin Hotel, Seattle, Wash., 
Aug. 16-18. 

APPLICATIONS & RELIABILITY SYMPO­
SIUM, Precision Potentiometer Manu­
facturer's Assoc.; Statler-Hilton Ho­
tel, Los Angeles, August 20. 

WESTERN E1LECTRONJCS SHOW AND CON­
FERENCE, WEM A, IRE, Los Angeles, 
Calif., Aug. 21 -24. 

METALLURGY OF SEMICONDUCTOR MATE­
RIALS CONFERENCE, the American In­
stitute of Mining, et al; Ben Franklin 
Hotel, Philadelphia, Pa., Aug. 27-29. 

BALLISTIC MISSILE & SPACE TECHNOLOGY 
SYMPOSIUM, U . S. Air Force and Aero­
space Corp.; Statler Hilton Hotel, Los 
Angeles, August 27-29. 
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Who knows enough about instrumentation to make tapes for every need? AMPEX. 

If you'd care to count, you'd find over 153 instrumen­
tation tapes at Ampex. The result: Ampex can offer 
you a tape for every application. Not just an -

of tape is based upon this advanced magnetic tech­
nology. And it's backed by an extensive application 

engineering program to give you assistance 
whenever needed. Ampex instrumentation tape 
is available almost anywhere. For details write 
the only company providing tape and recorders 

ordinary tape, but one that insures precise per­
formance-every time. Then , it's only natural 
the finest instrumentation tape comes from 
Ampex: the company that makes the largest 
line of instrumentation recorders, the company 
that pioneered magnetic recording. Each reel 

---....1 for every application: Ampex Corporation, 934 
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Charter St., Redwood City, California. Sales 
and service engineers throughout the world. 
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To Contractors and Subcontractors on U.S. Government Projects 

Announcing the newest member of 
Western Electric- Laureldale's Family 

of Coaxial Magnetrons: 

8123 Ku-BAND COAXIAL MAGNETRON 

Tunable 
16 to 17 Ge 

Weight 
8% Pounds 

HIGHLY STABLE FOR AIR-BORNE MTI APPLICATIONS 
The 8123 magnetron is the latest addition to the coaxial family of magnetrons produced by the 

Laureldale Plant of Western Electric. Designed by Bell Telephone Laboratories, this tube is rugged· 

ized to minimize vibration-induced frequency modulation and frequency shifts due to atmospheric 

pressure changes. The power output variation across the band is typically -+ 0.25 db with an average 

operating efficiency of 40 per cent. 

TYPICAL 8123 COAXIAL MAGNETRON CHARACTERISTICS 

Peak Power Pushing Factor Pulling Factor r.m.s. Jitter Missing Pulses 
Output 

Fj Vj tj 
kw Mc/A Mc kc db nsec % 
70 0.06 6 13 0.02 1.5 < 0.001 

Another ruggedized coaxial magnetron, the 72088, is also available. This tube tunes the frequency 

range of 15.5 to 17.5 Ge with a peak power output of 130 kw. 

Coaxial magnetrons may be purchased from Western Electric's Laureldale Plant. For technical in­

formation, price and delivery, address your request to Sales Department, Room 102, Western Electric 

Company, Incorporated, Laureldale, Pa. Telephone-Area Code 215-929-5811. 

LAURELDALE PLANT 
Wtfitertt .. Electric 

"'"""""""" ... '"""@ ..... "' '"' ""'" MAKER OF ELECTRON PRODUCTS 
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Latest 
Thin-Film 
Circuit Techniques 
Application of thin-film techniques to relatively 

complex electronic circuit shows advantages of 

this type of construction and miniaturization 

By EVERETT E. EBERHARD 
Solid State Systems Division , Motorola Inc., Phoenix, Arizona 

INTEGRATED ELECTRONICS has much 
to offer in increased systems reli­
ability, reduction of size and weight 
and in lower equipment manufac­
turing costs. Research and inten­
sive investigation into this field 
have already yielded sufficient suc­
cess to warrant optimistic pre­
dictions and, in missile systems, 
computers and personal communica­
tions, the techniques of integrated 
circuits are expected to influence 
design philosophies in the future. 

An example of recent work is an 
integrated thin-film version of a 
64-step voltage staircase generator. 
The generator consists of an R-C 
clock, six binary counters and a 
summing network. A flexible 
printed wiring board provides in­
terconnections between submodules. 

Purpose of the development was 
to demonstrate the advantages of­
fered by this manufacturing 
method to space electroni·cs. Ac­
cordingly, the circuits were de-
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signed to have smallest weight, 
least volume and lowest power con­
sumption consistent with high re­
liability, producibility, accessibility 
and cost. Additionally, individual 
components were made easy to 
reach, and the thin-film submodules 
capable of replacement without 
damage to themselves or the 
printed wiring board. 

T.he circuit was a conventional 
stairc'ase generator with electrical 
characteristics including an output 
of a repetitive staircase waveform 
having 64 equally spaced potential 
steps between and including the 
minimum and maximum voltages. 
A clock signal (used to initiate 
each step) was produced by a free­
running astable multivibrator with 
a frequency of about 40 cps. S-ix 
binary counters and clamp circuits 
were used to sum the voltages ob­
tained from a zener diode voltage 
reference using a resistor network. 

Figure IA is a schematic of the 

Disassembled view of the staircase 
generator shows the case, printed­
board assembly and the two silicone 
rubber shrouds 
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FJG_ 1-0riginal circuit of the staircase generator before modification for thin-film constn1ction (A), and modified 

circuit. Figure lB is the same cir­
cuit with modifications to improve 
the producibility of a thin-film 
equivalent. These modifications in­
clude dropping the supply voltage 
from 15 to 6 volts, thus reducing 
power drain by nearly 50 percent. 
The lower reference voltage per­
mits a substantial reduction in the 
summing resistor network values, 
thus reducing the size and weight 
of these elements. Another modifi­
cation was the substitution of npn 
silicon transistors for pnp units; 
pnp uncased transistors were not 
readily available when the circuit 
was in development. 

A breadboard of the modified 
circuit of Fig. lB was constructed 
using conventional components and 
was evaluated to determine com­
ponent center values and tolerances. 
The circuit operated satisfactorily 
over a temperature range of -20 
to +55 C. 

During the next design phase, the 
circuit of Fig. 2 was divided into 
functional submodules, thin-film 
layouts of the submodules made, 
active elements chosen and test 
procedures established. 

The voltage staircase generator 
consists of nine submodules with a 
basic clock astable multivibrator 
circuit (minus the timing capaci­
tors) placed on one substrate; 
clock timing capacitors on one sub-
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stra.te to set the clock frequency; 
six binary counters and clamp cir­
cuits, each on one substrate; a 4 
and an 8 megohm resistor on one 
substrate. 

The summing resistors and zener 
reference diode are conventional 
components. 

The resistors were formed by 
first coating the substrate with a 
thin film of tin oxide, followed by 
etching to delineate the resistor 
pattern. A film resistance of 5,000 
ohms per square was used for all 
resistors. A conductor pattern was 
created on a substrate by vacuum 
evaporation of chrome-gold alloy 
through a metallic mask. 

Tantalum film capacitors were 
used because they provide a large 

capacitance value per unit sub­
strate area. These were constructed 
by the anodization of a vacuum­
deposited tantalum film and the de­
position of a gold counterelectrode. 

The submodules were designed 
for Pacific Semiconductor PDlOl 
microdiodes and Fairchild Semi­
conductor FSP-42-1 uncased tran­
sistors. These transistors have simi­
lar characteristics to type 2N697. 
A saturation voltage of less than 
0.2 volt at the test current was ac­
ceptable. A test circuit providing 
100 microamperes for the collector 
and 10 microamperes for the base 
was used to check the saturation 
characteristic. These circuit com­
ponents were used to convert the 
breadboard to thin-film integrated 

FIG. 2-Layout of the flexible printed boa1·d 
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ve1·sion of the generator circuit (B). Power-supply voltage has been lowered to 6 volts to reduce component sizes 

circuit layouts. 
Each submodule was constructed 

on a ceramic substrate 0.5 x 0.5 x 
0.020 inch. One face was used for 
the thin-film components and active 
elements, with the edges utilized 
for the interconnection of sub­
modules. Solder connection tabs 
were provided to facilitate the in­
stallation of diodes and transistors 
on the submodules. Submodules 
were prov·ided with leads for con­
nection to the flexible wiring 
board. 

The resistance films were first 
checked for value of ohms per 
square. After fabrication of the 
passive components, a complete 
electrical test was made to deter­
mine the value of all resistors and 

capacitor and the leakage and dis­
sipation factor of each capacitor. 
These were all probe measurements. 
Each diode and transistor was 
tested prior to installation. 

Each submodule was tested by 
itself before a complete set was 
assembled as a staircase generator. 
Measurements such as square­
wave input amplitude, output, sat­
uration voltage at the collectors of 
bj.stable and clamp transistors and 
rise times were made on each bi­
stable submodule. 

To provide accessibility and flexi­
bility, the module was fabricated 
with a flexible printed wiring board 
made of 10-mil epoxy-glass fiber 
laminate folded 180 degrees over 
a center Silastic core. Nine sub-

SUPPORT BOARO 1/a INCH THICK DO 
[]CJ CIRCUIT BOARD 

CJ 

FIG. 3-Method of folding fi exible board over the Silastic core 

June 15, 1962 

modules were attachced to the out­
side surface of the board, and 
seven conventional electrical com­
ponents were attached to the un­
derside at one end of the board. 
The opposite end of the board is 
cut away to allow access to the con­
ventional components from both 
sides after the flexible board is 
folded. Figure 2 shows the layout 
of the flexible printed wiring board 
supporting and interconnecting the 
submodules and Fig. 3 is an as­
sembly sketch of the complete 
module. Input and output are pro­
vided on a tab extension. 

The set of submodules was fast­
ened to the flexible printed circuit 
board with a silastic adhesive and 
the external leads were soldered to 
points on the printed circuit pat­
tern. This adhesive can be stripped 
from the board so that entire sub­
modules can be replaced. 

The circuit board assembly was 
then encapsulated in a shell of sili­
cone rubber within the outside 
metal case. Figure 4 shows the dis­
assembled module consisting of 
metal cover, base plate with sili­
cone rubber, silicone rubber shroud 
and printed circuit board assembly. 
The process permits disassembly 
without damage to the encapsula­
tion. When assembled in its metal 
case, the unit is protected from 
shock and vibration. 
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New Idea In Counting: 

Technician checks unit using four counter stages and one pulse forming 
element. The four cascaded stages count up to 101 

Timer-programmer designed for satellite application uses incrementally 
magnetized cores. Reliability is excellent 

MULTI-PULSE MAGNETIC COUNTERS 

are now developed to the point 
where they have distinct advan­
tages over conventional components 
in many applications. In the area 
of digital computing and control, 
the handling of information in bi­
nary form has become almost uni­
versal. This is because until re­
cently, most circuits available for 
digital applications have been bi­
stable in operation. 

The multi-pulse magnetic 
counter is a circuit element in 
which a single core of square hys­
teresis loop material is driven in a 
number of discrete steps from one 
saturated state to the opposite 
state. For example, where a 10 to 1 
count is required a circuit consist­
ing of a single core and one or two 
transistors will provide an output 
pulse after rece1vmg 10 input 
pulses. It can therefore do the work 
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of four binary elements (Ec­
cles-Jordan multivibrators) requir­
ing eight transistors. Some other 
inherent advantages of this circuit 
element are storage without power 
applied, zero standby power drain 
and compactness. 

This article describes the Incre­
mag, a multi-pulse magnetic count­
ing element which has proven itself 
in some of the most rigorous mis­
sile and space applications'. Stable 
pulse counts up to 16 are obtained 
over wide ranges of temperature 
and supply voltage using a single 
core. 

While the general principle of 
this device has been known for 
some time'-6

, recent improvements 
have increased the reliability and 
operating range over those previ­
ously obtained with multi-pulse 
magnetic counters.' 

A typical counting stage and its 

By J. D. FREEMAN 
General Time Corporation. 
Stamford, Conn. 

pulse forming circuit are shown in 
Fig. 1. The counter consists of a 
single toroidal core of square-loop 
magnetic material wound with a 
number of turns of fine wire. Two 
transistors and four resistors com­
plete the circuit. The magnetic 
core may be thought of as a bucket 
which will hold a fixed quantity of 
flux. The bucket is filled by an in­
tegral number of ladles of flux of 
constant magnitude. To ensure 
constant-volume ladles the counter 
stage is driven by another counter 
stage, or from a pulse forming cir­
cuit that provides this constancy. 
In either case, successive pulses of 
constant volt-second area ( repre­
senting ladles) are applied to the 
core winding. When the required 
number of these pulses have been 
applied, the core will be driven to 
positive saturation. Figure 2 shows 
the resulting incremental mag­
netization of the counter's core. 

The fall of the last input pulse 
is arranged to trigger a second 
transistor in the circuit, which then 
drives the core out of positive 
saturation, and back to negative 
saturation. When negative satura­
tion is reached, the circuit is at its 
initial state. Taking the core from 
one saturated state to the other, 
provides a pulse of fixed volt-sec­
ond area in the output winding. 

The output pulse from each 
counting stage may therefore be 
used as a ladle of constant volt-sec­
ond area to fill another counter. As 
many stages as desired may be 
cascaded to provide a train of any 
desired count. The first counter 
stage in such a train must be sup­
plied by a pulse former, which pro­
vides the required constant volt­
second pulse regardless of the 
characteristics of the input pulses. 
The pulse former consists of a core 
(identical to the counter cores) 
with tapped windings, two tran­
sistors, and four resistors; the 
pulse former is therefore essen-
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Incrementally Magnetized Cores 
Single magnetic core counts up to 16 input pulses before saturating, can 

replace 4 pairs of binary transistor counters. Magnetic core retains 

count with supply rernoved; power consumption when operating is very low 

tially the same as a count-of-one In­
cremag. The input transistor of the 
pulse former is in the common 
emitter configuration, providing a 
high input resistance to the signal. 

In any multi-pulse magnetic 
counter, means must be provided 
to deliver an output pulse when the 
required number of input pulses 
have driven the core t o saturation, 
and to reset the core to the op­
posite state of saturation when the 
correct number of pulses have been 
received. For the counter to be 
stable under all conditions, the cir­
cuit must accurately sense the satu­
rated state of the core and still not 
be triggered into resetting by a 
flux condition near saturation. 

Figure 2 shows an idealized cf>-H 
loop for a typical magnetic count­
ing core. In the quiescent condi­
tion, the core is at negative rem­
anence -cf>"' des ignated by point 

DRIVING 
CIRCUIT 

DRIVER 

a on the cf>-H loop. When a negative 
pulse is applied to gate transistor 
Q1 of the counter, the integral of 
the impressed voltage with respect 
to time causes a flux change de­
scribed by points a b b', with flux 
ending up at a' when the pulse is 
completed. The next pulse leaves 
the core, at condition a" and the 
following one at condition a"'. The 
fall of the impressed input pulse 
occurs in time t,. 

Because of the deviation of the 
cf>-H loop from a rectilinear shape, 
a small change in flux Scf>., occurs 
during time t 1 as indicated by 
the slope of lines b'a', b"a", and so 
on. This change in flux gives rise 
to a voltage pulse opposite in polar­
ity to the input voltage. Applying 
Faraday's Law V .... ,,. .. = (N, + N2 
+ N .) Scf>.,./t, 

When the core has received a 
number of input pulses such that 

COUNTER 

n ( V ,, ti) ;::::;: (N, + N . + N .) 2 c/>11, 
it reaches the so-called saturated 
condition. Because of the deviation 
of the cf>-H loop from a rectilinear 
shape however, there is a small but 
finite increase in flux as further 
magnetizing force is applied. If, 
for example, half of input pulse n 
is sufficient to bring the core to 
point d, Fig. 2, then during the re­
mainder of this pulse, the core is 
driven to point e owing to core 
saturation. The sudden saturation 
of the core has reduced the imped­
ance of the circuit to the sum of the 
saturation resistance of transistor 
Q, and the copper resistance of the 
windings. The magnetizing force 
therefore increases suddenly to H ,. 

When the nth pulse fall s to zero, 
the core is brought to the positive 
remanent +cf> r. condition shown as 
point f in Fig. 2. This sudden de­
crease in flux Scf>, from point e to 

B(t) 
SHADED AREA 
REPRESENTS ENERGY 

"NTH" PULSE 
DRIVES CORE INTO 
POSITIVE 
SATURATION 

EXPENDED IN RESETTING~~____, 
CORE FROM POSITIVE 
TO NEGATIVE SAT­
URATION 

I PULSE DRIVES 
CORE ONE STEP 
TOWARD POSITIVE 
SATURATION 

CONSTANT VOLT SECO ND AREA 8(-) 

(A) 

SATURATING BY SMALL DOSES 

The mult ipulse magnetic counter uses the relatively new 
technique of adding increments of magnetism to a sqitare­
hysteresis loop core until the core is saturated. The m nn­
ber of pulses necessary to drive the core to saturation 
represents the coun t produced by that core. Ty pical cores 
will count up to 16 pu lses; readout is initiated by the 
fina l pulse that produces saturation. 

Counting cores may be cascaded to produce len gthy 
dividing chai11s . Th e basic 1·equireme11t for such a chain 
is a source of constant volt-second-area driving pulses , 
plus a method of reset ting each core w hen it reaches 
saturation. In the basic circuit (A) the driver sta.ge 
generates a pulse of constant volt-second area 13very time 
it is switched f rom saturation of one po larity to safllra-
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INCREMENTAL MAGNETIZATION OF COUNTER'S CORE 

(8) 

tion of th e other. Thu s, switching between the limit s of 
core saturation affords th e necessary constancy to the 
drive pul.ses. Th e diode D , between driver and coimter 
ensures that only pulses of one polar ity reach the counter, 
as shown in (B). 

071erati11g speed of the co1111te1· goes up to 100 K c, 1l'hilc 
at the other end of the speed range, the core may receive 
one pulse per hour or per day withou t loss of precision. 
Ou tput pu lses up fo 0.1 1Ntft m·e available; normal out­
put is a n-vo/t pulse of 2-3 microsecond duration. Power 
consumption depends upon freqnency, most of the power 
being absorbed by the driver s tage; typical consumption 
of one type counter chain when operatin g at 100 Kc is 
around 250 milliwatts 
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FIG. 1-Schematic circuit shows pulse shape1· aud fin<t stage of a count­
ing chain (A); redrawn circuit shows arrnngemcn f of blocking oscillator 
used to reset core (B); final saturating input ?JHlse triggers bloc/Ging 
oscillator and produces 011t1mt waveform (C) 

point f induces a voltage across the 
core windings expressed by V ,, = 
(N, + N , + N ,.) 'Bcf> ,/ t,. 

Figure IC shows the voltage 
waveform appearing across the 
windings of the counter circuit. 
The difference in amplitude be­
tween the small positive voltage 
spikes V "" ' V ,, .•. , etc., and the large 
voltage spike V,, is of prime im­
portance. Voltage V,, is used to 
trigger the reset or blocking oscil­
lator circuit consisting of tran­
sistor Q,, windings N , and N ,,, and 
resistors R , and R ,.. Voltages V ,,., 
V,, .,.., V,, ..... , must not be permitted 
to trigger the reset circuit. Divid-
ing v. ,;v ... ..... = 'Bcf> ,/'Bcf>,. •. 

Experiments show that because 
of the neal'ly equal slopes of lines 
e f and b"' a"' for certain core ma­
terials 'Bcf> ,/'Bcf> ,." = H ,/H c. 

The value of the coercive mag­
netizing force H e may be obtained 
from typical B-H loops, though its 
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value will be determined by applied 
magnetizing force as a function of 
time. When a reasonably square 
voltage pulse is applied to the wind­
ing of a typical square-loop toroidal 
core, and the average current in the 
winding measured as the core is 
driven from point b to point d, it 
follows the relationship i. = IO 
HJ / 41T (N, + N , + N .) where l = 
mean length of the core. Coercive 
force H e. approximates the value 
obtained from the 60 cycle sine 
current loop of the given core. 

It may be assumed that the mag­
netizing force H . is limited only by 
saturation resistance of transistor 
Q, plus the res istance of core wind­
ings ( N , + N, + N,,) . The current 
driving the core to the flux condi­
tion of point e is therefore i , = 
V 8 - V ,.,jr .v where rN is the re­
sistance of windings and Vc E ap­
plies to Q, in its saturated condi­
tion . The output impedance of the 

power supply should not limit i , to 
a value appreciably lower than indi­
cated. Actually resistor R" in par­
allel with winding N . will lower the 
total resistance of the circuit, but 
with the core saturated this effect 
is negligible. 

The ratio of V ,,, the required re­
set triggering voltage, to a typical 
intermediate pulse voltage such as 
b"' a"' that must not trigger the 
Incremag's reset action is approxi­
mated as follows 

0¢, H, i, 
oq,,., = lJ c = i;: 

V,-(Vce)Q1SAT X 
T,y 

4'r(N, +N,+N, ) 
--1011:1- -

It is apparent this ratio must be 
made high to ensure stable count­
ing operation of the Incremag. 

Figure IC shows the relative 
values of these voltages as they 
occur in driving the core to satura­
tion with square pulses of constant 
volt-second area. The magnitude of 
the undesirable voltage spikes V,,,., 
v ..... , and so on, appear to be in­
creasing slightly as the core ap­
proaches saturation. This indicates 
deviation of the actual cf>-H loop 
from a rectilinear shape. 

The remotely set timer applica­
tion, Fig. 4, provides an output 
pulse occurring at a precise time 
after a start command, where this 
time interval must be remotely set. 

Suppose for example that inter­
vals from I second to I hou r are 
desired. A IO Kc oscillator applies 
pulses through AND gate A to a fre­
quency dividing train. This train 
consists of pulse former PF, and 
counters K, thru K,, each having 
counts of 10 so that the total 
frequency division is 10,000. Pulses 
at a rate of I pps are there­
fore applied to the storage unit 
consisting of PF, and counters 
K. through K,. The storage unit, 
which has a total count of 3,600, 
may also receive set pulses up to 
I00,000 Kc through OR gate OR,. 

The time interval is obtained by 
applying (3,600-n) set pulses where 
n is the time interval in seconds. 
(Set pulses are applied prior to 
counting and are retained in the 
storage unit). 

For example, if a time interval 
of I,546 seconds is desired, 3,600-

electronics 



1,546 - 2,054 set pulses are ap­
plied to the storage unit in 
advance of counting. At the de­
sired time the start pulse set.-; 
FF" which in turn enables gate A 
and starts the time interval. When 
1,546 pulses (at the 1 pps rate) 
have been applied to the storage 
unit by the frequency divider, the 
storage unit has received its total 
capacity of pulses (2,054 set pulses 
plus 1,546 timing pulses = 3,600 
pulses ), and therefore K . delivers 
an output pulse. This marks the 
end of the timed interval. 

The output pulse from K . is ap­
plied to FF1 to reset it, and thereby 
stop the system. All counters are 
empty at this instant, with their 
cores at negative remanence. The 
system is ready to be set for an­
other time interval when desired. 

A decimal coded storage built 
around the Incremag is shown 
functionally in Fig. 4. In this ap­
plication, random pulses of any na­
ture may be counted and stored in­
definitely. Upon command, the 
number of pulses stored may be 
read out in decimal coded form 
without destroying the storage. 
The system shown in Fig. 4A has 
a maximum storage of 10' pulses, 
but this may be increased by add­
ing further stages. For example, 
assume that a series of 8,473 pulses 
representing some measured vari­
able or count have been applied to 
and stored in the system. Upon 
command, the circuit will deliver a 
series of 8 pulses, then 4 pulses, 
then 7, and then 3 pulses with mar­
ker pulses interspersed betweeen 
them as shown in Fig. 4B. 

With clock train pulses supplied 
at the 100,000 pps rate, read-out 
time will be approximately 110 
microseconds per stage. For the 
4-decade system of Fig. 4A the 
total read-out time will be 440 
microseconds. 
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FIG. 2-Hysteresis loop shows this core is saturated by tenth input pulse. 
For given core, external circuit resistance and other parameters are 
adjusted to insure correct count. Adjustable counting is available with 
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FIG. 3-Divider chain delivers output pulse after preset number of 
seconds when driven by 10 Kc oscillator. Storage unit is partly filled 
(saturated) before counting; delivers output when last stage reaches 
saturation. Information may be stored for days without deterioration 
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read oiit independently ( B) . Read out occurs nondestructively 
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FJG. 1-Basic integrator (A); complete integrator circuit ( B); simplified circuit of feedback vair (C) 

Probes for Plasma Research 
Compensated R-C circuit for plasma research has less than 2-percent 

By S. BERGLUND and S. WESTERLUND 
Dept. of Phys ic s , Univers ity of Upp sala, Sweden 

IN PLASMA RESEARCH, magnetic probes, which are 
small coils placed outside the plasma or in some way 
inserted into it, are frequently used to study mag­
netic field distributions and field diffusions. Since 
the induced voltage is proportional to the rate of 
change of magnetic flux through the coil winding, 
the signal is normally integrated with respect to time 
before it is displayed on an oscilloscope. The band­
widths required for the integration may be large, 
stretching from the low frequency of some quasi­
stationary stabilizing field up to the wide frequency 
spectrum of erratic magnetic-field fluctuations. 

The integrators normally chosen are the simple 
R-C circuit or the Miller integrator. However, the 
former has a poor output-input ratio and the latter 
has an inherent limitation in its high-frequency 
response, although there are a number of means of 
extending its bandwidth by auxiliary circuits.' 

This integrator is based on a compensated R-C 
circuit, similar to the bootstrap integrator' or cir­
cuits reproduced by Puckle3 and Holbrook'. Its prin­
ciple is shown in Fig. lA. Neglecting the effects of 
input and output impedances of the amplifier: 

Co 1 
Ci jwRC+(2-A) 

If the amplification is A = 2 without phase shift, 
the transfer function becomes e,/e, = l/jwRC, and 
the circuit is an ideal integrator' with an infinite R-C 
time. The integrated signal is taken from the am­
plifier input. 

In practice the input impedance of t he amplifier 
cannot be infinitely large nor can the amplification 
be exactly equal to 2. Assuming a resistive amplifier 
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input impedance equal to R,n and putting R / R ,n = 
£ and (2-A) = 13, the response of the circuit becomes 

e. 
e; jwRC + • + 5 

and the effective R-C time is RC/ ( € + 13). 
From this expression, the amplifier should have a 

high input resistance, that is, much larger than the 
integrator resistance R, and a constant gain without 
phase shift in the lower part of the passband. Its 
bandwidth, on the other hand, could be limited, if 
the integrated signals were to be taken at the am­
plifier input, since at higher frequencies wRC be­
comes large in comparison to (€ + 13). The amplifier 
is, however, most generally used for both integration 
and amplification and its bandwidth must be large 
enough to handle the whole frequency spectrum of 
interest. 

Figure lB shows the circuit of the integrator, 
where the integrator resistances R form a part of 
the bias stabilization network. The high input im­
pedance of the emitter follower Q, can then be fully 
utilized. Transistors Q, and Q, are common-emitter 
stages in a feedback pair combination. As the circuit 
must be a compromise between the need for a stable 
gain at low frequencies and a large bandwidth with 
small overshoot for pulse signals, considerable local 
feedback is introduced: series feedback to Q, and 
parallel feedback to Q,, resulting in a high input and 
a low output impedance for the pair. This approach 
is carried further by the overall feedback of about 14 
db from the collector of Q, to the emitter of Q,, which 
reduces the voltage gain to 2. The gain is adjustable 
by the collector-base potentiometer of Q,. 

In a low-frequency analysis of the circuit (see 
Fig. lC) the internal collector-base feedback resist­
ance of t he transistors can be omitted without intro­
ducing error, as the load impedance of Q, is low and 
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FIG. 2-Measured low-frequency resvonse of integrator (A); line-driving amvlifier ( B) 

With Wideband Integrators 
overshoot at the 3-db-down point of 20 Mc 

the coupling of Q. gives this transistor a low external 
feedback impedance from collector to base. Suppos­
ing the base current of Q, to be i,, the collector cur­
rent is {32 i, and flows almost entirely into the third 
stage, as the input impedance of this is low compared 
to R,. If the current through the collector-base feed­
back chain of Q. is denoted by iF, the collector cur­
rent of Q. becomes i. = {33 (f3,i2 - iF) . Then the fol­
lowing equations for the feedback pair are valid in 
the low-frequency region: 

e; = ecb•2> + Ra[tla(B2i2 - iF) - iF + (tl2 + l )i2] 
eo = (R2 + Ra)[tla(B2i2 - iF) - ip] + Ra(tl2 + I) i2 
eo = ipRp ( l - I/ A,a) 

Here the small base-emitter voltage e • ., of Q, and 
the quotient l / A ,,., which is the inverse of the volt­
age gain of Q., can be omitted. The voltage gain Is 
then 

RF R2 +Ra ,,,, __ _ 
R2+RF Ra 

The input resistance of the feedback pair is 

R'in = R a[RF (tl2tla + tl2 + I) + Rz(tl2 + l)(tla + l)] 
RF + (R2 + Ra) (tla + 1) 

,,,, tlztla Ra(RF + Rz) ,,,, tl2 Ra(RF + R 2) 
RF+ tla(R2 +Ra) Rz +Ra 

The input impedance of Q1 ( Fig. lB) is kept high 
by using a silicon transistor with a high current am­
plification factor and by positive feedback from the 
amplifier output to the 15,000-ohm resistance that 
loads the emitter of Q, in parallel with the feedback 
pair input. The shunting effect of the internal 
collector-base impedance of Q, is also lowered by con­
necting the collector to an in-phase signal. Assum­
ing f3, = f3, = {3. = 50 gives a minimum input im­
pedance of the amplifier R , .. = 5 megohms. 
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The pulse response and bandwidth of the amplifier 
are adjusted by the variable capacitor in the local 
feedback chain of Q •. With the 3-db-down point at 20 
Mc, the overshoot is less than 2 percent. 

Adjustment of the amplifier low-frequency re­
sponse is best done in the integrator. A positive 
value of 8 is chosen that is large enough to ensure 
stability and the amplification is adjusted so that the 
response is 3 db down from the ideal at w = 
(E + 8) /RC. See Fig. 2A, where the low-frequency 
response is shown for R = 51,000 ohms and C = 
0.01 µ.f . 

The lower curve in the figure shows as a compari­
son the response of an ordinary R-C circuit with the 
same values of R and C. To yield the same output­
input ratio and effective R-C time, such a circuit 
would have to be followed by an amplifier with a 
voltage gain of more than 20, and the difficulties of 
obtaining a large bandwidth and low noise would be 

The integrator input impedance is equal to R at 
high frequencies but diminishes at low frequencies; 
in an ideal integrator according to Fig. lA, it would 
be zero at the limit of zero frequency. 

A cable-driving amplifier loaded by a 185-ohm 
cable follows the integrator (Fig. 2B) . To give the 
best loading conditions to the integrator, this am­
plifier is d-c coupled. With a voltage gain of three, 
it has a bandwidth of 18 Mc without overshoot for 
pulse s ignals. When some overshoot can be tolerated, 
the bandwidth can be extended by adjustment of the 
variable capacitor 4-20 pf at the amplifier input. 

REFERENCES 
( 1) G. Upham and F. Bennett. Imp roved Feedback Integrators . 

Controlled Thermonuclear Conference, Was hingto n, 1958, TID-
7.558 . 

(2) M.I.T. Radiation L aboratory Seri es. 20 , p 302 . 
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( 4 ) J. G. Holbrook, " Laplace Tra ns fo rm s for Electronic Enll'i­

neer s," Pergamon Press Ltd .. p 136, 19 59 . 
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Microwave power amplifi,er 

design enables single or par­

allel operation of up to four 

klystrons at C-band and will 

feed a modified ring reso­

nator to provide up to 100 

megawatts output 

By LAURENCE 
D. SHERGALIS 

Associate Editor 

Prof. Saul W. Rosenthal, Polytechnic Institute of Brooklyn, at the 
control console of the high-power klystron C-band amplifier at which 
all operating, monitoring and control functions are located 

High-Power Microwave Source Uses 

HIGH POWER microwave sources are 
vital to plasma research and to the 
studies of behavior of microwave 
components at super powers. In ad­
dition, studies of reactions of gases 
and solids at high power densities 
require a power source capable of 
providing several megawatts at 
microwave frequencies. 

An installation being completed 
at the Polytechnic Institute of 
Brooklyn graduate center at Farm­
ingdale, N. Y. will ultimately pro­
vide up to 100 megawatts of peak 
pulse power at C-band at a duty 
r:vcle of about 0.001. The system 
will provide variation of r-f power 
output, pulse width from ~ to 10 
microseconds, frequency from 5 to 
5.8 Ge and repetition rate consist­
ent with the duty cycle. It will also 
be possible to sweep the frequency. 

Two major units will compromise 
the complete system: the C-band 
klystron system and a proposed 
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modified ring resonator, or micro­
wave flywheel.' Power output of the 
klystrnn system will be up to 20 
megawatts and will be fed into the 
flywheel, which will enhance the 
power to provide a peak output of 
80 to 100 megawatts to the test cell. 

The C-band r-f system. Fig. 1, 
designed and built by Sperry Elec­
tronic Tube division, Great Neck, 
N. Y., consists of a high-voltage d-c 
power supply, control console in­
cluding an r-f drive assembly, two 
soft tube modulators and two kly­
stron power amplifiers. Power out­
put from each klystron will be com­
bined in a run of waveguide and 
coupled to the flywheel. It can be 
terminated in any type of load; 
however, for test purposes, a water 
load is used. 

Power to the modulator is sup­
plied from a 16.8 Kv, 10-amp d-c 
source. Input line voltage is fed to 
a circuit breaker then to a three-

phase variable voltage transformer 
that is capable of raising or lower­
ing the line voltage 66 percent. 
From the transformer, three-phase 
power is fed to the primary of a 
delta-wye transformer. The trans­
former s econ d a r y supplies the 
three-phase full-wave bridge recti­
fier. Six type GL-869B mercury arc 
rectifier tubes comprise the rectifier 
and are air cooled to insure that 
each tube will function up to 20 Kv 
peak inverse voltage. 

Rectified, unfiltered d-c is fed to 
a filter which includes a 3-h choke 
and capacitors rated at 20 Kv and 
8 µ.f total. As a safety precaution, 
the capacitors remain shorted un­
til the high-voltage circuit is ener­
gized. Two line-type beam modu­
lators, Fig. 1, supply a series of 
power pulses of about 50 megawatts 
to each of the klystrons. Each 
modulator functions independently 
and is controlled from the console. 
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MODULATOR 
PULSE FORMING 

NETWORK 

KLYSTRO N AMPLIFIER 

KLYSTRON I 

FIG. 1-Time delays in the modulator circuit and phase shifters in the r-f circuit synchronize beam and r-f pulses to 
permit parallel operation of the klystrons 

Parallel Klystrons and Flywheel 

In the modulator circuit, a 3-h 
charging choke provides resonant 
charging of the E-type pulse-form­
ing network at 400 pps when a 
3-microsecond beam pulse is used. 
This pulse-forming network was de­
signed using a computer and 
achieves a flat-top pulse with a 
maximum ripple of 1 percent. 

Employed as a holding diode, a 
type XD2 diode immediately fol­
lows the charging choke. In the ac­
tual circuit, two XD2's are used in 
parallel for improved charging effi­
ciency and greater reliability. The 
switch tube is a type 1257 hydrogen 
thyratron and the inverse circuit 
consists of a type XD2. Again, in 
the operating circuit, two XD2's 
are used in parallel for lower in­
verse circuit impedance and greater 
reliability. 

A tail-clipping circuit consisting 
of a type KU-53 hydrogen thyra­
tron and its plate load reduces back-
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swing of the pulse transformer to 
a maximum of 20 percent of the 
main beam voltage. The dual keyer 
provides the required trigger pulses 
to switch the type 1257 hydrogen 
thyratron forward switch tubes on 
at the desired repetition rate. The 
repetition rate is controlled by the 
operator and the trigger pulses 
originate at a signal generator in 
the control console. 

The complete power amplifier will 
eventually contain four klystrons, 
and its power output will be 5, 10 
or 20 megawatts maximum, depend­
ing upon whether one, two or four 
klystrons are operating in parallel. 
Modified versions of a military­
type klystron are used in the ampli­
fier. These tubes are processed at 
higher than average power to 
achieve the specified output. In the 
amplifier, ion pumps are perma­
nently attached to each klystron. 
Because the tubes are being oper-

ated above their design specifica­
tions, it is necessary to out gas, 
or process, the tubes whenever the 
gas pressure rises above a specified 
value. This is done automatically 
using a vacuum-ion power supply, 
which continually monitors klystron 
internal gas pressure. 

Coupling the modulator to the 
power amplifier is a pulse trans­
former with a turns ratio of 1 to 
12.6. The two pulse-forming net­
works are operated in parallel and 
tied to the primary of the pulse 
transformer. The pulse transformer 
turns ratio and the pulse-forming 
network characteristic impedance 
were designed to match the imped­
ance of the klystrons. This was a 
design problem since the klystrons 
are operated both singly and in 
parallel with a beam pulse width 
of 12 microseconds at 125 Kv, or 
over a range of 3 to 6.5 microsec­
ond pulse width at 145 Kv. Figure 
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FIG. 2-R-F output circuit combines output of each klystron in a high power hybrid. Monitoring and protective 
circuits wre shown 

1 shows how the two tapped pulse 
forming networks and the pulse 
transformer are used in the final 
design. 

The transformer secondary is 
connected to switches that enable 
the modulator to be connected to 
one klystron, two klystrons in par­
allel, to one klystron and a dummy 
load, or to the dummy load. Use of 
the dummy load permits system 
troubleshooting and eliminates the 
klystrons as a source of trouble. 

Parallel operation of the kly­
strons is accomplished by first syn­
chronizing both klystron beam 
pulses, then synchronizing the r-f 
pulses with the beam pulses. Next, 
amplitude and phase of the two r-f 
pulses are adjusted to be equal at 
the klystron amplifier output. Three 
synchronizing pulses are generated 
in the console-two pulses go to the 
modulator thyratron keyers and one 
to the r-f trigger. Timing of all 
of these pulses may be controlled 
by adjustable time delays built into 
the equipment. 

Two adjustable zero to five-milli­
second time delays just ahead of 
each thyratron keyer take care of 
inherent delays in the switch tube 
triggering circuits. Each delay is 
adjusted until the beam pulses to 
each klystron are synchronized. 

Next, the r-f pulses are adjusted 
until they fall within the beam 
pulses. The r-f pulses are narrower 
and have faster rise and fall time 
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than the beam pulses. The r-f pulse 
source is a milliwatt c-w oscillator. 
The signal is amplified by two trav­
eling-wave tubes in series and the 
output is a 2-Kw pulse signal, 
which is fed into a folded hybrid 
H-plane magic tee. This magic tee 
consists of waveguides in shunt and 
series with a colinear guide at the 
same point. When a signal is fed 
into the shunt arm. and the colinear 
arms are terminated in matched 
loads, power divides equally. Be­
cause of the symmetry of the hy­
brid, there is no coupling between 
the series and shunt arms and no 
signal will be fed into the series 
arm. If the load impedances of the 
two colinear arms are unequal, sym­
metry will be destroyed and there 
will be energy transfer between the 
shunt and series arms. To prevent 
this, two phase shifters are pro­
vided to vary relati\'e phase and am­
plitude of one pulge with respect to 
the other, thus insuring proper 
power division of the two unequal 
load impedances (klystrons). 

Power outputs of the klystrons 
are combined in a high-power hy­
brid magic tee, Fig. 2. The signal 
in the nonpreferred arm of this hy­
brid is minimized by adjustment of 
the phase shifter at the input to the 
klystron. Output of the klystron 
amplifier may be fed to a water 
load, the microwave flywheel or any 
one of a number of devices. Maxi­
mum power output from two kly-

strons is 10 megawatts. From four 
klystrons in parallel, power output 
will be 20 megawatts. 

To achieve the high power neces­
sary for planned test programs, a 
relatively new type of device is 
proposed with the klystron power 
amplifier. Called a microwave fly­
wheel, the device is a reentrant 
transmission line coupled to an­
other transmission line through a 
directional coupler, Fig. 3A. A 
microwave flywheel differs from a 
ring resonator in that a test de­
vice is not inserted in the ring, 
thus permitting an uninterrupted 
run of guide. A pulse is fed into 
the ring, from the power source. A 
portion of the signal is coupled into 
the ring, the remainder being ab­
sorbed by the load. Power is built 
up in the ring, then switched out. 

Pulses are fed into the ring con­
tinuously and in phase with the 
energy at the directional coupler. 
Power in the ring is therefore re­
inforced and, if the physical param­
eters of the ring are properly 
chosen, power will build up to rela­
tively high values. 

Pulse power of a given peak in­
tensity is converted into shorter 
pulses of a much higher peak in­
tensity. Input pulses are of con­
stant amplitude and of long dura­
tion relative to the time required 
for the energy to travel once 
around the ring. There is a build 
up period in which the energy from 
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FIG. 3-Pulses are f ed into the microwave "fi,ywheel (A ) fro m the source in phase with the en ergy in the ring. 
Proposed low pressure an-discharge gaseous-shu tter output swi tch (B) is · m ade as part of a waveguide section 

the source is partly stored in the 
ring as a traveling wave of increas­
ing amplitude. It is only partly dis­
s ipated in both the terminating 
load and in wall and other losses 
normally associated with the one­
way attenuation of the ring. In the 
a bsence of reflections or di scon­
t inuities, the ring will be resonant 
when its length is exactly an in­
tegral number of guide wave­
lengths. Power magnification of the 
ring resonator decreases with an 
increase in attenuation and there­
fore would decrease with an in­
crease in length of the ring. Width 
of the pulse is also a function of 
the length of the ring. 

Use of oversize waveguide in a 
ring 537 feet long is planned for 
C-band operation of this installa­
tion. Energy conversion efficiency 
is calculated to be about 41 per·cent, 
attenuation about 0.58 db overall, 
and the capability to produce a 
0.55-microsecond output pulse for 
an 8.5-microsecond input pulse. 

Oversized waveguide was chosen 
to be compatible with the power re­
quirements of the system. Attenua­
tion is estimated to be about -fo that 
of standard waveguide when the 
waveguide used is 10 times the area 
of standard C-band guide. 

Rectangular instead of square 
waveguide was chosen to minimize 
the number of TE no modes gener­
ated, since power buildup in the 
ring is sensitive to phasing, mak-
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ing higher modes a problem. Filter­
ing of TE ,,,, modes relative to the 
dominant TE ,.. mode is difficult. 
Most probably, the wave guide to 
be used will be EIA 975 (RG-204/ 
U ) which is 12.38 x 24.76 cm. A 
waveguide of 10 x 26.81 cm cross 
section was found to admit the least 
number of TE,,,, modes, but is a non­
conventional guide and would have 
to be specially fabricated. 

Frequency stability is another 
problem, and to maintain a power 
magnification of 95 percent maxi­
mum, frequency must be held to 
within ± 0.01 Mc in 5,650 Mc. This 
is better than 2 parts per million. 
An afc system will be used that will 
involve injecting low power pulses 
between the high power pulses to 
determine departure from the ring 
resonant frequency and to correct 
the driver frequency. Dimensional 
stability of the waveguide struc­
ture, another engineering problem, 
will be attacked by burying the en­
tire ring, thereby minimizing me­
chanical variation caused by am­
bient temperature changes. 

Design of an output switch for 
switching power out is in progress.2 
Several approaches have been con­
sidered: gas di scharges, ferrites, 
ferroelectri cs and the use of the 
multipactor effect . The phenomena 
of gas and multipactor discharge 
are being pursued as the most 
promising methods. Under develop­
ment is a low press ure arc-discharge 

gaseous shutter, Fig. 3B. Require­
ments include a switching time of 
less than 30 nanoseconds, cold in­
sertion loss of less than 1 db, and a 
microwave holdoff power of 1 mega­
watt peak. The switching action is 
performed by rapid ionization of 
low pressure gas filling the wave­
guide section. Sufficiently high elec­
tron density is created which con­
verts the ionized gas into a medium 
incapable of propagating electro­
magnetic energy. Permittivity of 
the gas becomes negative, and the 
discharge region has the proper­
ties of a beyond-cutoff waveguide. 
Thus, the incident wave is almost 
completely reflected. The rectangu­
lar waveguide itself, perforated, 
serves as a control grid for this 
gas-filled thyratron. 

Besides being coupled into the 
proposed microwave flywheel, the 
system will also be used in conjunc­
tion with ordinary traveling wave 
rings. These will provide a gain of 
5 to 10 times for the testing of some 
devices and components. In addi­
tion , the system will be used to 
interact with the output of a high 
mach shock tube presently being 
constructed by the aerospace de­
partment of the graduate center. 

REFERENCBS 
( 1 ) Peter Sferraz za , Microwave .Power Mul­
ti pli e l', U .S . Patent No. 2 ,87 5, 41 5, Feb 24, 
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( 2) John W . E . Griemsmann, Techn ica l 

N ote on High P o wer Mi c ro wave Elec tro ni cs, 
Poly t e chni c Ins titute of Br o o klyn , Report 
PIBMRI-94 7-61 , O c t . 2, 1961. 
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NEW WAY TO MEASURE 

Diode Recovery Time 

Useful recovery-time values may be obtained with simple test equipment 

provided test conditions are considered 

By D. R. GIPP, Semiconductor and Material s Division, Radio Corporation of America. Somerville, N. J. 
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FIG. 1-Circuits for measuring forward voltage recovery time: parallel 
resistor circuit, (A), and series resistor circuit, ( B); reverse recovery 
time cicuit, (C) 

FORWARD RECOVERY TIME and re­
verse recovery time indicate the 
ultimate speed of diodes in switch­
ing or computer applications and 
represent important diode charac­
teristics. However, switching 
speeds of diodes are frequently mis­
interpreted because of the effects 
of test conditions and recovery­
time test circuits. As a result, a 
relatively fast diode may appear to 
be slow in certain recovery circuits. 

Forward recovery time is the 
time required for a diode to attain 
a steady-state forward-bias condi­
tion when suddenly switched from 
zero or reverse bias. The two 
methods of measuring forward re­
covery time are shown in Fig. IA 
and IB. 

The forward-current recovery­
time circuit in Fig. IA measures 
the time for the diode to reach 90 
percent of its final conduction when 
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a step voltage is applied to the di­
ode and series-resistance combina­
tion. Because the forward recovery 
time is mainly a result of the ef­
fective inductance of the diode, the 
loop impedance Rr. is a principal 
factor in determining the recovery 
time. If R ,, is small, the recovery 
time is short; if R i is large, the re-

*R5 ' RL - 50 OHMS 

covery time is long. Hence, for­
ward recovery time is determined 
by the test circuit. 

The forward-voltage recovery­
time circuit in Fig. IB measures 
the time required for the diode to 
attain forward-voltage equilibrium 
when a step of current is applied to 
the diode. This test circuit is the 

DIODE 
UNDER TEST TO HPl85A 

----i!--..--ll---.-- SAMPLING 
OSCILLOS COPE 

R * s 

RESULTS : tfr <I NANOSECOND FOR VALUES OF RL UP TO 2,000 OHMS AND Ir UP TO 20 MILLI ­
AMPERES. 

FIG. 2-Actual circuit used for recovery time measurements on multiple 
diodes 3DG001 and 2DG001 
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accepted standard for forward­
voltage recovery-time measure­
ments. Either the forward-recovery 
time, t,., or the forward-voltage 
peak, V,,, ,., or both, may be given 
in this test. In this test circuit, a 
step of forward current is applied 
to the diode, and, consequently, the 
only factor affecting t,, is the mag­
nitude of the applied current. In­
creasing the forward current pro­
vides both larger V,, ••• and longer 
t 1 , because forward voltage recov­
ery is also a result of the effective 
inductance of the diode. 

In each of these methods of 
measuring forward recovery time, 
the initial bias condition on the di­
ode is conventionally zero. How­
ever, an initial reverse d-c bias can 
also be used. 

Reverse recovery time is the time 
required for a diode to attain 
steady-state reverse bias when sud­
denly switched from forward-bias. 
The reverse-recovery-time circuit 
is shown in Fig. lC. 

The specification of reverse re­
covery time requires the initial for­
ward current IF; the final value of 
revenie-bias voltage V 11 ; the re­
verse impedance Z11 to which the di­
ode must recover, and the a-c loop 
impedance R,, of the recovery-time 
test circuit. These conditions are 
completely specified in the circuit 
of Fig. IC. The reverse recovery 
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time t,, is the sum of two compo­
nents: the storage time t , required 
for the stored charge within the di­
ode to recombine or be swept out by 
reverse current and the capacitive 
recovery time of the diode t, result­
ing from its inherent junction ca­
pacitance. 

The reverse recovery time t,, is 
dependent upon the a-c loop im­
pedance R,.. This impedance deter­
mines the maximum reverse current 
through the diode and, therefore, 
directly affects storage time t ,. 
Quantity R,. also determines the 
length of the capacitive recovery 
time t , because the time constant 
of diode-junction capacitance and 
R,, determines L. Therefore, for 
specified values of /, . ., V 11 and Z,,, 
large values for R,. result in long 
reverse recovery time and small 
values of R,. result in short recov­
ery time. 

The initial forward current I p 
and the reverse voltage V 11 also af­
fect reverse recovery time. For a 
given R,., Z ,, and V 11, larger values 
for I F result in longer recovery 
times because of increased storage 
in the diode. Therefore, the t. com­
ponent of the recovery time is in­
creased and t , is relatively unaf­
fected. For given values of RL, Z11 
and J, . ., larger values of V" result in 
shorter recovery times because of 
larger initial reverse current 111 

A- C LOOP IMPEDANCE AL - OHMS 

and, therefore, decreased storage 
time t,; t , is again unaffected. 

Reverse recovery time is also a 
function of the reverse impedance 
Z,, to which the diode must recover. 
For given values of IF• V" and R,., a 
low Z 11 specification yields short re­
covery times; high Z,. specification 
results in long recovery times. 

RCA multiple diodes types 
3DGOOI and 2DGOOI have been 
tested in the forward and reverse 
recovery-time circuits under vary­
ing conditions. The results of these 
tests, together with the actual test 
circuits, are shown in Fig. 2 to 4. 

As shown in Fig. 2, the forward­
current recovery time t,, for values 
of R,, up to 2,000 ohms and J,. up 
to 20 milliamperes is faster than 
the I-nanosecond response of the 
test circuits. These results indicate 
that the 3DGOOI and 2DG001 di­
odes have low effective series in­
ductance. 

As shown in Fig. 3A, the for­
ward-voltage recovery time of the 
diodes is also fast, but some re­
covery time is measurable. As ex­
pected, neither t, , nor V,,., , change 
appreciably with forward current. 

Figures 3B and 4 show the two 
reverse-recovery-time circuits used 
to obtain a wide variety of reverse­
recovery-time measurements. Cir­
cuit 3B is used to obtain extremely 
fast recovery-time measurements 
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TABLE-ELECTRICAL CHARACTERISTICS OF EACll DIODE UNIT OF 
DOUBLE AND TRIPLE SEMI CONDUCTOR DIODES TESTED 

Parameter Conditions 

Vp-Forward [p = 5 milliamperes 
Voltage 

Vp-Forward [p = 9 milliamperes 
Voltage 

BVR-Reverse In = -200 microam-
Breakdown per es 
Voltage 

In-Reverse Vn = -10 volts, 
Current TA= 55 deg C 

/,.,.-Reverse IF = 20 milliamperes, 
Recovery Vn = -6 volts, 
Time ZR = 35,000 ohms, 

RL = 2.000 ohms 

when values of R,, up to 500 ohms 
and values of Z,. less than 6,000 
ohms are specified. Circuit 4A is 
used to obtain slower reverse-re­
covery-time measurements when 
values of Ri of 500 ohms and 
greater, and values of zf( greater 
than 6,000 ohms are specified. The 
only significant difference between 
the two circuits is the reference di­
ode in circuit 4A to reduce the 
peak-to-peak output-voltage swing. 
This prevents the monitoring oscil­
loscope from being overdriven 
severely, especially when it must be 
sensitive enough to measure the 
low reverse currents required in 

Min. Typical Max. Units 

0.35 0 .. 1 volts 

0 .4 0.55 volts 

-20 -30 volts 

20 7S m icroampcres 

160 250 nanocrosecond 

high-Zn specifications. At the same 
time the reference diode must be 
fast enough so that its reverse re­
covery does not affect the measure­
ment. The reference diode used in 
these tests had no measurable re­
verse recovery time in circuit 4A. 

Figures 3B and 4 show, as pre­
dicted, that reverse recovery time 
increases significantly with Ri. 
Considerable increase in t,, also re­
sults with increasing IP, V n or Z11. 
The important fact is that recovery 
times ranging from 3 to 160 nano­
seconds were obtained on the same 
diode, depending on the test condi­
tions and test circuit specifications. 

DIODE 

q1:~:~~:: v~ 

O. OSCILLOSCOPE 

''I 
HGSI004 

s HQ RELAY 

0. --=- -=- -=-+ VFF 
Rs ' R L - 50 OHMS 

32 160 .... VR .... 

Although the diode units in the 
RCA 3DG001 and 2DG001 appear 
to have slow switching speeds from 
the recovery time listed in the 
Table, the data shows that in real­
ity the devices have high speeds. 
Forward-voltage recovery times of 
3 nanoseconds at 10 milliamperes 
and reverse recovery times of 5 
nanoseconds at 10 milliamperes and 
-6 volts are typical. The impor­
tant consideration is that recovery 
times, especially reverse recovery 
times, depend on the test conditions 
and test circuits. Hence, a com­
parison of the relative recovery 
times of two different diodes must 
consider the recovery-time test cir­
cuits and test conditions. 

The data presented indicates that 
a measurement circuit and test con­
ditions giving recovery times in the 
range of 50 to 100 nanoseconds will 
ensure that the diode is fast in a 
high-speed test circuit. At the 
same time, more economical test 
equipment may be used in measure­
ments. In addition, a more useful 
value of reverse recovery time is 
obtained for practical applications 
because, in general, practical appli­
cations do not meet the optimum 
conditions for recovery times of a 
few nanoseconds. 
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. .... 0 
'-' i.~ ........ '-' -- ' 38,000 OHMS UJ UJ 
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z z 
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L L 

~ 

UJ 
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FIG. 4-Reverse recovery characteristics for 3DG001 and 2DG001 diodes, with different circuit parameters 
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Novel Differential Amplifier 
Stabilizes Multivibrator 

Voltage on timing capacitor in multivibrator circuit is compared to reference 

voltage by two transistors connected as a differential amplifier. Temperature 

coefficients as low as -+- 0.0015 percent/ C are possible from -25 to 75 C 

By JAMES D. LONG 

* 5.76K 

* 2.BOK 

Spa ce-General Corp., 
Glend a le, Calif. 

COMPARATOR 

C1 

* IOK 

0.1 

A MAJOR PROBLEM with stable, low­
frequency oscillators or clock-pulse 
generators is the temperature de­
pendence of the output frequency. 
The circuit in Fig. 1 was designed 
for a temperature dependence not 
exceeding ± 0.0015 percent/ C. 

AMPLIFIER 

560K 

When the circuit is first turned 
on, the bi-stable multivibrntor 
( Q., and Q,) will set to one of its 
two stable states, and one of the 
two timing capacitors, Ci or C,, will 
begin to charge. The voltage across 
thi s capacitor will be compared by 

COMPARATOR 

560K 

75K 

* R1 
475K 

D 
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* R2 
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C2 * 16.2K 

-------+-c 
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DUMP TRANSISTORS 
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IOK 22K 
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*TEMPERATURE STABLE RESISTORS 

FIG. 1-Temperature stable r esistors aid in reducing temperature coefficient 
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a comparator ( Q1 or Q,) to a fixed 
reference voltage. When the capaci­
tor voltage is equal to or slightly 
greater than the reference voltage, 
the comparator exhibits an output 
signal that sets the bi-stable multi­
vibrator to its opposite state. When 
this occurs, the capacitor will be 
discharged by a reset circuit ( Q. or 
Q.) . While the one capacitor is be­
ing reset, the other one is charging. 
The required reset time is much 
less than the charging time, so that 
one capacitor is completely dis­
charged when the second compara­
tor exhibits an output pulse to set 
the bi-stable multivibrator to its 
original state. The cycle is then re­
peated. 

One significant difference be­
tween this method and a conven­
tional multivibrator is in the com­
parison of the capacitor voltage. In 
an ordinary multivibrator, the 
capacitor voltage is compared by a 
single transistor at its base-to­
emitter junction. The base-to-emit­
ter voltage (V. , ) is temperature 
dependent, and, therefore, the 
single transistor cannot make a 
temperature independent compari­
son. In the present method, two 
transistors (in a single case) are 
used in a differential amplifier con­
nection. Variations of the base-to­
emitter voltage of each transistor 
are very nearly equal, and because 
of the differential amplifier connec­
tion, the effects of these variations 
tend to cancel. If silicon transistors, 
such as the FSP-2, are used, the 
effects of variations in I •• are small 
enough to be ignored. 

,. 
I 

~ 
•, R 
~ 2 
I 

The circuit has been tested from 
- 55 C to 100 C, and the over-all 
temperature coefficient was .0034 
percent/C. However, the timing 
capacitors which were used varied 
considerably at the temperature 
extremes. The temperature coeffi­
cient from 25 C to 75 C was 
-0.002 percent/ C, and the percent­
age error in frequency at 75 C was 
0.1 percent. This was at 4 cps with 
0.68µf timing capacitors and 475,-
000 ohms charging resistors. 

If the variations in the RC prod­
uct are excluded, the temperature 
dependence of a conventional multi­
vibrator (uncompensated) is about 
-0.02 percent/C. The temperature 
dependence of this circuit (again 
excluding variations in the RC 
product) is -0.002 percent/C. Two 
transistors, Q. and Q., are used to 
dump or discharge the two timing 
capacitors after each charge cycle. 
If the variation caused by tempera­
ture dependence of these two tran­
sistors is subtracted, the resulting 
temperature coefficient for the rest 
of the circuit (excluding the RC) 
is -0.00068 percent/ C. The satura­
tion voltage of the two dump tran­
sistors changes by about 5 mv from 
25 C to 75 C. This causes a tem­
perature coefficient of -0.0014 per­
cent/ C. However, better transistors 
than the type used can be obtained 
for this particular application. In 
addition, a latching relay could be 
used at low frequencies for not 
only the dumping requirement but 
also for the flip-fl.op requirement. 
Thus, a complete circuit coefficient 
(excluding the RC product) of 

. 
' I 
~ 

<, R 
~ I 
I 
I 

0.0007 /C can be obtained. 
Temperature dependence of the 

RC product is due primarily to 
variations in the capacitor. Manu­
facturers have indicated that they 
can supply capacitors with a given 
temperature coefficient, and that 
this coefficient will be constant, 
within narrow limits, from lot to 
lot. This indicates some form of 
compensation might be effective. 
The technique illustrated in Fig. 2 
cancels the timing capacitor varia­
tions by making use of two capaci­
tors identical to the timing capaci­
tors. Laboratory results have shown 
a 50 percent improvement by the 
addition of the compensating ca­
pacitors, and indications are that 
better cancellation may be possible. 
The best results obtained with the 
complete circuit (including the RC ) 
was a temperature coefficient of 
±0.0015 percent/ C over a tempera­
ture range from -25 C to + 75 C. 

A single 20-volt supply was used, 
and there was a 0.02 percent varia­
tion in the multivibrator period for 
a 10 percent variation in the supply. 
The device operates at frequencies 
as low as 1 cycle per 100 seconds 
and as high as 100,000 cps. 

The author acknowledges the 
help of R. E. Wessel in design and 
development. 
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FIG. 2-Temperature compensation for the timing capacitors is obtained 
by inserting this circuit between AB and CD of Fig. 1 
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NEW 10-AMP 
P&B RELAY IS DESIGNED 

FOR COST-SAVING 
INSTALLATION METHODS 

~ ~ 

Fast, labor-saving power screwdrivers can be used to hook up lead 

wires to the extra stout screw terminals of our new AK Series relays. 

Thus you save time and money on your production lines. 

ENGINEERING DATA, AK SERIES 

This new relay is sturdy throughout: its expected mechanical life is 

3 million operations and the X" diameter contacts are rated at 10 amps 

at 115V AC non-inductive. Available for either AC or DC power. 

Get all the facts today from your P&B representatives or call us direct. 

SIMILAR RELAYS HAYE U/L & CSA LISTING 
The AB and the ABC have X' 
quick-connect terminals which 
can be used for printed circuits. 
Screw terminal adapters avail­
able. U/L and CSA listed for 
10 amps at 115V 50/60 cyc les. 

GENERAL: 

Insulation Resistance: 100 
megohms min. 

Breakdown Voltoge: 1500 V. 
rms between all elenients. 

Temperature Range: AC and DC, 
-55°C. to + 45°C. 

Weight: Approx. ~ ozs. 
Pull-In: 

AC 7 8% of nominal voltage . 
DC 75% of nominal voltage. 

Terminals: Heavy-duty screw type. 

CONTACTS: 
Arrangements : Up to DPDT. 

Material: ~,. dio. silver. 
Roting : l 0 amps @ 115 volts or 

5 amps @ 230 volts, AC non-induc. 

COILS:, 
Resistance : 35,000 ohms max. 
Power: 6.4 volt omps (AC}. 2.0 

wolfs (DC}. 
Duty : Continuous AC or DC (DC 

coils will withstand 6 watts at 
+25°C. 

P&B STANDARD RELAYS ARE AVAILABLE ~T 

YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 

~ POTTER & BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY PRINCETON, INDIANA 

IN CANADA : POTTER & BRUMFIELD, DIVISION OF AMF° CANADA LIMITED, GUELPH, ONTARIO 



RESEARCH AND DEVELOPMENT 

Orbiting Wire-Mesh Passive Reflectors 

REFLECTING SURFACES can be 
achieved that are at least an order 
of magnitude lighter per unit area 
than the ~ -mil mylar membrane 
used in the Echo balloon. The sur­
faces consist of an open mesh of 
fine spring wire. The advantages of 
this type of orbiting passive re­
flector were described at the recent 
Spring URSI Meeting in a paper 
by William E. Bradley, Associate 
Director of Research, Institute for 
Defense Analyses. 

Studies of passive communica­
tions satellites have dealt with 
three general classes of reflectors. 
Metalized spherical plastic balloons 
are intended for use in low altitude 
orbits. More complex nonstabilized 
devices, such as the spherical array 
of corner reflectors, attempt to at­
tain higher gain without stabilizing 
apparatus. Finally, stabilized struc­
tures such as the oriented flat plate 
have higher gain but are so me­
chanically complex that the gain 
may not be significant compared to 
an active satellite. 

For a wire mesh reflector, the 
finest spring wire commercially 

available is about 1/ 1000 inch in di­
ameter. A square mesh of such wire 
with half-inch spacing weighs less 
than 1/ 12 as much as ,}-mil mylar 
per square meter. At wavelengths 
greater than about 20 times the 
spacing between wires, the mesh 
reflects almost as well as solid 
metal, although it is a poor re­
flector when wire spacing exceeds 
about 0.1 wavelength. 

Advantages of Wire Mesh 

In space, mesh spheres would 
keep their shape by elastic forces. 
Drag would be two or three orders 
of magnitude lower than a plastic 
film balloon. Because of the reduced 
weight, spheres could be made so 
large that signal strength at a re­
ceiver would be comparable to many 
proposed active satellite systems. 
In the radiation of the sun and the 
Van Allen belt, metal wire can be 
expected to last for decades . Plastic 
films tend to shrink, become brittle 
and wrinkle because of radiation­
induced cross-bonding of the or­
ganic chain molecules . 

Micrometeorite impacts or other 

Measuring Roundness of Parts 

Movement of feeler arm is detected electrically as part is rotated to 
measure roundness within two-millionths inch using General Motors 
Roiindicorder at AC Spark Plug Division standards laboratory 
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disturbances would not deform the 
sphere. No stabilization is needed. 
The spherically symmetrical struc­
ture permits two-way communica­
tions with very high antenna gain 
required at only one ground station 
because effective transmission gain 
varies as the product of the antenna 
areas at the terminals. With acti ve 
satellites, no advantage results 
from greatly increasing antenna 
size at one ground terminal. Mesh 
reflectors are effective over a very 
wide frequency range and are com­
pletely linear. The cost per year for 
such satellites should be quite small. 

No known studies have been di­
rected toward the difficult problem 
of folding and erecting in space 
such large fine mesh structures. 

Quantitative Comparison 

To compare plastic film with wire 
mesh quantitatively, assume tha t 
wires have a diameter d and dens­
ity p,, while the plastic film has 
thickness t and density p,. For a 
square mesh with spacing a be­
tween adjacent parallel wires, wire 
length per unit area of mesh is 2/ a, 
and mesh mass per unit area is 
(1Td'/4) (2/ a ) p, = m ,. For a mem­
brane, mass per unit area is tp, = 
m,. The ratio of membrane to mesh 
mass for the same area is m,/m, = 
(2/ 1T) (p, / p,) (at / d') 1/ 10 
(at / d' ). For typical metals and 
membranes, the ratio p,Jp, is about 
1/6 so that the ratio of membrane 
to mesh mass is about 1/ 10 ( at/d'). 

For example, if t = 2.5 x 10-' 
inch, a = ! inch, d = 10-' inch, then 
m ,Jm, = 12.5. Hence, area can be 
12.5 times for the same mass. 

Essential mass of a 1,000-ft d i­
ameter sphere is 1TD' m ,, where D is 
sphere diameter and m, is mass per 
unit area of the wire net or m, = 
(1Td' / 2a)p,. If p, is 0.3 lb/ cu in ., 
m, = (1T/ 2) x 10-• x 0.3 x 2 = 
9.4 x 10-' ~b/sq in. or 1.35 lb/sq f t. 
Essential mass would be 1T x 10° x 
1.35 x 10-• = 424 lb. 

The coefficient of power reflec­
tion of a grating of fine parallel 

electronics 



PACK MORE VALUE ••• 

RELIABLE: 
Unique design uses transistorized reference and ampli­
fication circuitry for optimum regulation, stability and 
long life; plus tube series pass elements for reliable 
high voltage operation. 

i-
31/z'' 

I 
" ' 

EXCEPTIONAL PERFORMANCE: 
Conservative specifications give a true picture of oper­
ating characteristics. 

-, 
- -.-F-u_ll_R-an-ge_R_e-gulation: •I 

0-70- 130 - 195 - 255 - 325v dc/800ma 

ECONOMICAL: 
Long trouble-free operating life eliminates costly down­
time. 

COMPACT: 
3 1/ 2 inch panel height, rack mountable. 

• Programming over full voltage range 
• Remote output voltage control 
• Constant current operation 
• No voltage overshoot 
• Remote DC on-off 
• Series connection 

AVAILABLE FROM STOCK! 

REGULATION 
c·t:t·--a-·:::· 
.~-,.lo-CJ-oc·;; .. L, 0.1% LINE/LOAD :::.--Hi·--a -·:::· 

Rl~~roCJ-oc-~-;.,l, 0.01 % LINE /LOAD 

VOLTS 0-325 0-325 

MILLIAMPS 0-200 

± 
0 -400 1 0-600 l 0 -800 0 -200 1 o-400 I 0-600 I 0-800 

MODEL HB2M HB4M HB6M I HB8M HB 20M I HB 40M I HB 60M I HB SOM 
RIPPLE less than 1 mv rms less than 1 mv rms 

kePCQ': Over 200 Standard Models to choose from ... WRITE FOR NEW CATALOG B-621 

'------- ~"::.._ --- - _, ® 131-48 SANFORD AVENUE• FLUSHING 52, N. Y. •Area Code 212 IN 1-7000 •TWX# NY 4-5196 
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* Mountainous region southe.ast of the crater Albategnius 

Raytheon laser 
hits moon 

On Wednesday, May 9th, a team of Massachusetts 
Institute of Technology scientists illuminated the 
moon's surface and detected and recorded the reflec­
tion. The new first was accomplished with 13 bursts 
of 6934-angstrom light from a 50-joule, 4-barreled 
Raytheon ruby laser. The new Raytheon laser is the 
most powerful yet reported. Raytheon is currently in­
vestigating laser systems in the areas of communi­
cations, ranging, detection, space vehicle guidance, 
weapon systems, and medicine.* Write for further 
information to Martin B. Curran, Raytheon Company, 
Lexington, Massachusetts. 

*for those interested in pursuing basic laboratory Investiga­
tions, Raytheon is now offering a complete laser head for $975. 

For new laser fact folio, fill out and mail coupon on page 66 
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Advanced Researchers-

The sky 
is not 

your limit 
The Advanced Devel­
opment Laboratory of 
Raytheon's Surface 
Radar & NavigatiOJt 

Operation (suburban Boston) seeks 
additional skilled and imaginative 
technical talent-Advanced Systems 
Engineers and Physicists-for the 
kind of free-wheeling, no-holds­
barred research that led to laser's 
spectacular moonshot success. 

Our prime function is exploring and 
developing electronics capabilities. 
In addition to the continuous laser 
program, typical Advanced Develop­
ment Laboratory projects include 
Matched Filter Correlation Systems, 
theoretical and experimental work 
on Spherical Plasmoids, investiga­
tion into High Level Microwave 
Energy Absorption by Gases, tech· 
niques for extracting information 
from raw signal data. 

Your investigations are carried to 
a point where capability exists for 
one of the Engineering Departments 
to embark on delivery of the item. 
The results of your participations 
in such projects will frequently be 
of sufficiently high level to warrant 
publication. 

The Laboratory provides sufficient 
assistance from service groups to 
enable you to pursue theoretical 
and experimental work free from 
the problems of production, admin­
istration and red tape. The well­
equipped experimental facilities in­
clude a computer in full-time 
service. 

If you are qualified and would like 
to join this select group of key 
technical personnel, please forward 
your resume to Mr. William Gal­
lagher, Management and Profes­
sional Recruiting, Department 127, 
Equipment Div., Raytheon Co., P. 0. 
Box 520, Waltham, Massachusetts. 

CRAVTHEONl 
An Equal Opportunity Employer 
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wires is reflected power/incident 
power 1/ [1 + (2a/A.) log 
(a/27Tr) 2

]. Thus it can be seen that 
loss of reflectance can become seri­
ous if spacing a of parallel wires is 
greater than about O.H if wire 
radius is about 10-'a. This loss re­
sults from inductance of the wire 
grating. A square mesh has the 
same reflection coefficient as a par­
allel wire grating with its wires 
parallel to the electric field because 
any other field orientation can be 
resolved into two components polar­
ized with the field parallel to each 
set of wires of the square mesh. 

A shallow bowl-shaped surface of 
wire mesh with its convex side fac­
ing the earth would greatly en­
hance the reflected signal since it 
should approximate the reflecting 
properties of an entire sphere rep­
resenting the continuation of the 
spherical surface of the bowl. Atti­
tude might be maintained by pas­
sive gravitational stabilization if 
such means are found practical. 

Construction, packaging and 
erecting in space a large mesh 
structure raise difficult mechanical 
engineering problems. However, the 
reliability, long life, versatility and 
performance capabilities seem to 
make the effort worthwhile. 

Voiceprints Proposed for 
Identification System 

SPEECH RECOGNITION study indicates 
that the human voice may provide 
a means of identification that is 
more difficult to change than finger­
prints. The highly individualistic 
characteristics of human speech, 
which have been a major problem in 
development of speech-recognition 
equipment, could be the basis for a 
nation-wide identification system. 
These characteristics, which seem 
to change little with age or with re­
moval of teeth, tonsils or adenoids, 
cannot easily be disguised. And 
they would be considerably more 
difficult to alter surgically than re­
moval of fingerprints. 

A project directed toward voice­
print classification was reported to 
the Acoustical Society of America 
in a paper by L. G. Kersta of Bell 
Telephone Laboratories. Voice­
prints or voice spectrograms are 
patterns of one spoken word show­
ing voice energy at various levels 

of pitch. The spectrograms used 
provide a quantized voiceprint re­
sembling a contour map and are 
adaptable to computer techniques. 

During tests, voiceprints were 
made of the same word uttered sev­
eral times by different persons. 
Cards on which each voiceprint was 
separately recorded were shuffled 
and given to trained subject s to 
classify in groups representing 
each voice. Of about 25,000 deci­
sions, the correct choice was made 
97 percent of the time. 

An expert might be able to iden­
tify a speaker from millions of 

D 

Voiceprint shows frequency vertic­
ally, time horizontally and intensity 
by peaks 

other voices with enough different 
word samples. The natural shape 
and size of the mouth, throat and 
nasal cavities cause voice energy to 
be concentrated into bands of fre­
quencies. Although the exact con­
figuration may change, the patterns 
of these bands remain essentially 
the same even if the speaker at­
tempts to disguise his voice. The 
pattern is only slightly modified by 
loss of teeth, tonsils or adenoids or 
even filling the mouth with marbles. 

The fundamental patterns re­
vealed by voiceprints seem to be 
more readily discernible to the eye 
than to the ear. These wide varia­
tions have been known for some 
time and have been a major prob-
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Make terminal connections anywhere 
without external power supply 

For service or production, Gardner­
Denver "Wire-Wrap"® tools make per­
manent, solderless electrical connec­
tions anywhere-without compressed 
air or electric power. Battery-powered 
tools, hand-squeeze and manual wrap­
ping and unwrapping tools operate en­
tirely free of cords or air hose. The 
installation or serviceman is not re­
stricted in any location. 

Solderless-wrapped connections are 
permanent connections. Resist corro­
sion and vibration. Proof ofreliability? 
More than 15 billion connections with­
out a reported failure. 

Other "Wire-Wrap" tools include 
air- and electrically-powered tools, and 
automatic "Wire-Wrap" machines. 
Consult a Gardner-Denver engineer, 
or write for bulletins. 

Gardner-Denver Company, Gardner Expressway, Quincy, Illinois 

In Canada: Gardner-Denver Company ICanadal, Ltd., 14 Curity Ave., Toronto 16, Ontario 
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!em in the development of speech 
recognition equipment. The present 
research is aimed at taking advan­
tage of this variation by associat­
ing the unique characteristics with 
each voice. 

Many more voice samples must be 
analyzed before the accuracy of 
voiceprint identification can be es­
tablished. For example, it is be­
lieved that the pattern of an adult 
is substantially unchanged with 
age. To evaluate this belief, it is 
planned to study samples of broad­
casters, entertainers and other 
voices that have been rect>rded 
over a period of years. Kersta be­
lieves that voice identification will 
eventually achieve accuracy some­
where between that of fingerprin ts 
and handwriting identification. 

Identification Met hod 

To identify a single voiceprint 
from among millions would require 
trained experts and development of 
an efficient classification system. 
Voiceprints might be analyzed and 
coded by digital computer. The code 
of an unidentified voice could then 
be matched with files of voiceprints. 
As in fingerprint identification, the 
process would not be completely 
automatic. 

Fingerprint experts to identify 
one person from a large number 
often need prints of most of the 
fingers, almost certainly more than 
one or two. The same technique is 
proposed for identifying voice­
prints using the ten most commonly 
used words of the English lan­
guage: it, me, you, the, on, I, is, 
and, a and to. 

The technique for making voice 
spectrograms was invented and ex­
plored 17 years ago at Bell Labs. 
During World War II, it was sug­
gested that enemy radio voices 
might be identified by spectrogram 
to detect movements of units. How­
ever, less was known about voices, 
and the type of identification pro­
posed was very tedious. 

More is known about the voice 
now and a new kind of spectrogram 
was devised in 1960. It provides a 
quantized voiceprint that resembles 
a contour map and is more readily 
adaptable to computers. The use of 
a computer for analysis, coding and 
general classification would be an 
essential part of voiceprint identifi­
cation on a national scale. 
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Power transistors can be rated by at least a score of char­
acteristics. For most of these, the ratings of an ordinary 
transistor may be equivalent to the ratings of a Tung-Sol 
transistor-under optimum conditions. 

But Tung-Sol engineers have long recognized that power 
transistors are rarely operated under the so-called optimum 
conditions. Circuit requirements vary widely and so do op­
erating environments. A better measure of power transistor 
quality and capability are the characteristics which contrib­
ute to transistor reliability and performance under less-than­
optimum conditions. 

One such characteristic is saturation voltage. Tung-Sol 
transistors are designed with the lowest possible saturation 
voltage consistent with other performance requirements. 

Low saturation voltage results in lower transistor dissipa­
tion and lower junction temperature. This reduces the varia­
tion of the temperature dependent parameters of the tran-
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TYPICAL (2Nl74) COLLECTOR - EMITIER VOLTAGE {VcE) VOLTS 
IN THE SATURATION R£GION 

Saturation vollage VcE (sat) is an extremely important 
transistor characteristic. When the collector to base 
voltage of a transistor is either zero or in the for­
ward direction and the emitter to base voltage also 
is in the forward direction the transistor is said to 
be in saturation. Low saturation voltage improves 
circuit efficiency and reduces transistor dissipation 
in applica tions in which the transistor is driven into 
saturation. This results in lower junction tempera­
ture and improved temperature stability. 

sistor with resultant improvement in circuit and operational 
stability. Low saturation voltage decreases internal resistance 
and temperature and increases useful power-handling. There­
fore, a low saturation voltage becomes increasingly important 
as the transistor is operated closer to its maximum power or 
in a high-temperature environment. 

Low saturation design is typical of the care taken by Tung­
Sol to provide the industry with transistors that reliably de­
liver full power. Ratings, based on stringent environmental 
and electrical tests, are given for junction temperatures of 
110°C. Thermal resistance is low, while breakdown voltages 
are high. 

Two more power pluses are Cold-Welded copper cases, for 
better heat dissipation and prevention of contamination, and 
flat-ground mounting surfaces, for full contact with heat sinks. 
Talk to Tung-Sol about your transistor problems. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK193. 

®TUN G·S or FULLPOWER 

POWER TRANSISTORS 
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Wide Choice of Tektronix Oscilloscopes for 
Basic Specifications of Tektronix Rack-Mount Oscilloscopes 
Rack-Mounts that accept Plug-In Units: 

Calibrated Fastest Slowest Calibrated Price 
Deflection Vertical Signal Sweep Sweep Sweep Sweep CRT Vertical (without 

Type Factor Passband Delay (Magnified) (Calibrated) Magnifier Delay Volts Scale Plug-In Units) 

RM45A 5 mv to 2 v/cm- 5X 1 µsec $1650 
to10sec 3 c to 24 rnc 

2X, 5X, 10X, 
RM43A .05 to 20 v/cm- 20X, 50X, None 4cm 1400 de to 30 me 100X 
RM41A 

with Type L Plug-In 
Yes 20 5 10 kv 1325 

nsec/cm sec/cm 5X 
RM35A 5 mv to 2 v/cm 1 µsec 1500 

3cto15mc to 10 sec 
.05 to 20 v/cm 2X, 5X, 10X, 

RM33A dcto15 me 20X, SOX, None 6cm 1225 
with Type L Plug-In 100X 

RM31A 5X 1095 

.05 to 20 v/cm 
de to 4 me 

None .2 5 5X None 3.5 kv 8cm 465 RM561 with Type 67 Time-Base 
Unit and Type 75 Ampli- µsec/cm sec/cm 

fier Unit. 

Rack-Mounts that do not accept Plug-In Units: 

RM15 .05 to 20 v/cm- 40 2 4 kv 6 cm 950 
dcto15mc nsec/cm sec/cm 

.01 to .05 v/ div- Yes 5X None 
2cto10mc 40 2 8 div 

RM17 .1 to 50 v/div- nsec/div sec/div 9 kv (1 div= 950 
de to 10 me Y. inch) 

RM503 1 mv to 20 v/cm- 5 2X, 5X, 10X, 
de to 450 kc 1 sec/cm 20X, 50X· 655 

None µsec/cm 3 kv 8cm 
RM504 5 mv to 20 v/cm- 5 None 550 

de to 450 kc sec/cm 

U. S. Sales Prices f.o.b. Beaverton, Oregon 



Rack or Console Applications 

Tektronix offers 11 rack-mount models of its conventional 
laboratory oscilloscopes. 

Each fits into a standard 19" rack. 

Each incorporates the same high-performance features 
found in the conventional counterpart. 

Each performs simply and reli ably-for accurate time and 
amplitude measurements in the many laboratory applica­
tions within its capabiliti es. 

Mechanical Features 
Plug.fn Rack Rack Approx. 

Type Compartment Rack Mounting Height Depth Weight 
(inches) ( inches) (pounds) 

RM45A Mounts with Slide- 85 
I--

RM43A Vertical Channel out Tracks in a 81 
accepts one of cabinet that I--

RM41A 16 "letter-series" mounts to the rack 14 22x 79 
plug-in units. -oscilloscope can I--

RM35A be pulled forward, 83 
tilted, locked in one I---

RM33A 79 of 9 positions. I---
RM31A 79 

Mounts with Slide-
RM15 out Tracks to the 8% 23 57 

rack-otherwise, 
RM17 None same as above. 17% 40 

RM503 
Bolts directly 

27 
16X I--

RM504 to rack. 25 
7 

Both Channels Type RM561 can be 

RM561 accept "number- ordered with Slide- 18 31 
series" plug-in out Tracks at 
units. additional costs. 

For a demonstration of the characteristics and capabili­
ties of any one of these rack-mount oscilloscopes-or 
information on other Tektronix rack-mount instruments 
available-please call your Tektronix Field Engineer. 

TYPE RM31 A DC-T0-15 MC 
OSCILLOSCOPE with Type CA 
Dual-Trace Plug-In Unit. 

~·.·rn ·~ l5 .. r~--~--@~ 4 - -= ii 
~ ;~~ • 0 t 0 - --_,,.. ~ ~"' . ..<. 'It 

• .. • 7"° t'fH ... -;;()SWOS(Of'f 

( ; .-• @ i e ii i-~Ji{\-F 
® ~ r. 

TYPE RM17 DC-T0-10 MC 
OSCILLOSCOPE with 3-inch crt, 9-kv 
accelerating potential. 

TYPE RM561 OSCILLOSCOPE­
accepts plug-in units in both channels. 

Tektronix, Inc. P. o. Box 500. BEAvrnroN. oRrnoN 1 M1rchell4-0161 · Twx-BEAv311. cable: TEKTR0N1x 

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. • Atlanta, Ga. • Baltimore (Towson) Md. • Boston.(lexlngton) Mass. • Buffalo, N.Y. •Chicago (Park Ridge) Ill • • Cleveland, Ohio . Dallas, Texas . Dayton, Ohio 
Den\ler, Colo. • Detroi t (Lathrup Village) Mich. • Endicott (Endwell) N.Y. • Greensboro, N.C. • Houston, Texas • Indianapolis, Ind. • Kansas City (Mission) Kan. • · Los Angeles, Calif. Area (East Los Angeles 
Encino • Pasadena • West Los Angeles) • Minneapolis, Minn. • New York City Area (Albertson, l.I .. N. Y. • Stamford, Conn. • Union, N.J.) • Orlando, Fla. • Ph iladelphia, Pa. • Phoenix (Scottsdale) Ariz . • Port· 
land, Ore. • Poughkeepsie, N.Y. • San Diego, Calif. • San Francisco, Cahf. Area (Lafayette • Palo Alto) • Seallle, Wash. • Syracuse, N.Y. • Washington, D.C. (Annandale, Va.). 
"rEKTRONIX CANADA LTD: Montreal, Quebec • Toronto (Willowdale) Ontario. 

ENGINEERING REPRESENTATIVES: Kentron Hawaii lid., Honolulu, Hawaii. Tektronix Is represented in twcnty. fi \le O\lerseas countries by qualified engineering organizat ions. 
European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representati\le, 
Other Overseas areas, please write or cable directly to Tektron ix, Inc., International Marketing Department, P.O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. 
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COMPONENTS AND MATERIALS 

New Horizons in Image Displays 

Man-on-moon rehearsal is simulated view of what a tv camera on the moon 
would send, by narrow ba.nd transmission, back to storage tube displays on 
earth. Advantage of new multi-mode tubes in this application is that per­
sistence and rnte of image display can be controlled. Lower part of photo 
was stored from previous scan 

WHILE SIZE REDUCTION is in order 
for the vast majority of electronic 
components and circuits, larger and 
brighter displays loom up for direct 
view storage tubes-electron tubes 
into which information is intro­
duced as an electric signal, and read 
out at a later time as visible out­
put corresponding to stored infor­
mation. 

Manufacturers have increased 
ava.ilable sizes from 5-inch diame­
ters up through 7-inch and 10-inch 
tubes, and even 21-inch versions 
(see cover) . 

Hughes Research Laboratories 
have developed a bombardment in­
duced conductivity (BIC) tube, an 
electronic blackboard that can 
write, hold, or erase a picture­
that has widespread applications 
to a number of systems. And recent 
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innovations suggest even wider ap­
plications. The Hughes BIC tube 
has been a key feature of the Taran 
Tactical Attack Radar and Naviga­
tor System, also developed by 
Hughes, that enables a fighter­
bomber to fly hedge-hopping mis­
sions in adverse weather and to 
avoid detection by darting in below 
a radar cover. In Taran, the BIC 
tube provides a pilot with a continu­
ous radar map. The erase feature 
makes it possible to replace the 
pilots cockpit map piece by piece. 
As new information comes in, 
stored information is erased spot 
by spot, while the continuous map 
is being refreshed. 

As described by Hughes' George 
F. Smith, the BIC tube has two 
mechanisms which serve as chalk 
and eraser, and as it erases spot 

by spot by charging down, it leaves 
the remainder of the picture un­
changed. The tube permits writing 
white on black and black on white. 

Widest application of improved 
display tubes is in airborne weather 
radar. Main use of larger tubes 
that have been developed are for 
shipboard radar and air traffic con­
trols. 

More Tubes Needed 

Increased demands for direct 
viewing display storage tubes in­
clude air traffic control for both 
military and commercial applica­
tions, large area oscillographic dis­
plays for simultaneous comparison 
of several parameters in seismologic 
exploration such as "hole shooting" 
oil fields. Airborne applications 
burgeon where weather radar, ter­
tain avoidance, ranging, and track­
ing information are to be displayed 
in one tube. Other applications 
widen in sonar displays, space tel­
emetry, where slow-scan tv trans­
mission of space vehicle data 1s 
used. And in various types of fire 
control systems. 

With most high-performance dis­
plays, it has been desirable to main­
tain flat viewing surfaces to avoid 
distortions which impair accurate 
readings. In trying to achieve these 
flat surfaces. tube manufacturers 
have been faced with the problem 
of trading off flat glass panels 
against the needs for mechanical 
strength. 

At sizes above 10 inches in 
diameter, the glass envelopes' in­
ternal vacuum begins demanding 
either doming of the faceplates, or 
thickening of the glass. Neither 
alternative is entirely satisfactory, 
and as a consequence there is pres­
ently no satisfactory storage tube 
available in the size range between 
10 inches (flat-faced) and 21 inches 
(domed). 

Tube manufacturers are making 
progress in improving the quality 
and amount of display information 
available. Improved resolution, 
greater availability of tubes with 

electronics 
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large 10-inch display areas, and 
other novel techniques which im­
prove display legibility are three 
major approaches being used. 

The new BIC tubes introduced 
by Hughes employ a dual-effects 
dielectric material in the storage 
surface. Tubes present and store 
not only bright trace writing, but 
dark trace writing, previously men­
tioned. Non-store displays can also 
be presented simultaneously with 
stored displays. Non-store opera­
tion permits cathode-ray type in­
formation such as reference mark­
ers, grid lines, or maps to be super­
imposed on the stored di splay with 
no serious degradation to the latter. 

Special Dielectric Used 

Inclusion of these features into 
direct display half-tone storage 
tubes has not previously been prac­
tical because of the nature of sec­
ondary emission effects on which 
writing and erasing of stored in­
formation are based. Limitations 
imposed by secondary emission 
effects are now surmounded by a 
special storage surface dielectric. 

One general advantage in view­
ing outer space missions from the 
earth is that information is seen 
as it comes in . With conventional 
equipment there is a lapse of as 
much as ten seconds, which can be 
critical in space applications, as 
seen in the recent delay of Scott 
Carpenter's retro-rocket firing. 

The dark-writing beam has found 
principal use in ways other than 
originally contemplated. Rather 
than being used to rove about, se­
lectively obliterating brightly stored 
information, this capability has 
been most commonly received to in­
crease both the resolution and dura­
tion of s tored displays. 

The normal writing beam is first 
used to prime and store the entire 
viewing area completely bright. If 
the priming beam is made to imme­
diately precede the erasing beam, 
then the entire display area will be 
stored brightly from scan to scan. 
Smearing of previously stored in­
formation is completely eliminated 
and only the space between the two 
beams-a fraction of an inch--con­
tains no information. This is a 
contrast to a conventional cathode­
ray tube used in slow-scan modes, 
where information fades immedi­
ate·ly following the beam sweep, or 
with conventional storage tubes 

which employ a controlled persi st ­
ence less than the period of the 
scan to permit fading in time to 
shows a slow-scan smearing. 

Man-on-moon rehearsal photo 
shows a slow-scan presentation in 
which the lower portion is stored 
from a previous scan, while the 
upper portion contains updated in­
formation. The entire di splay i" at 
full brightness. 

An added benefit is that the 
higher potentials at which the da rk­
writ ing beam operates provides a 
smaller spot and hence improved 
resolution. Thus, storage tube dis­
plays of 100 to 120 shrunken raster 
lines per inch are now possible, 
delivering more than twice the d is­
play information previously ob­
tained. 

Slow-scan tv monitors will prob­
ably be used to view a tv camera, 
sent on planetary and interplane­
tary missions to the moon, or to 
Venus or Mars, and transmitted by 
narrow band back to storage di s­
plays on earth. 

Technical details on the famil y 
of Hughes storage tube types­
Tonotron, Memotron and Typotron 
-are available from Hughes Air­
craft Company, Vacuum T ube 
Products Division, Oceanside, Cali­
fornia . 

Improved Image Intensifier 
Uses Thin-Film Emitters 

By NORMAN SLARK 
Ca lvert Electro n ics , Inc., N .Y.C . 

A HIGH-GAIN image intensifier tube, 
designed for direct viewing or 
photographic recording at ex­
tremely low light levels, can in­
crease brightness of a weak optical 
image by at least 100,000 times. 
The tube has low noise and gives 

. 
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Magnetically focused image inten­
sifier with encapsulation partially 
sectioned 
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Specify proven stability 
CLEVITE 

with CLEVITE Ceramic Filters 

Does your i-f filter maintain center frequency under vibration and shock? It does if it's a Clevite ceramic 
ladder filter. Center frequency shift is negligible after MIL 2028 shock and vibration tests*. • Stability 
like this is worth considering whether your next receiver is ground or airborne. Clevite now stocks 455 
kc and 500 kc ladder filters in 12 bandwidths from 2 kc to 50 kc. Stand­
ard models pack 80 db stopband rejection into a 0.1 cu. in. package. 
• Write or phone the nearest Clevite office for immediate infor­
mation, prices and delivery on Clevite ceramic ladder filters. 

•actual test plots on request. 

Field Sales offices: New York, New York/Chicago, Illinois/ Denver, Colorado/Inglewood , California . 

June 15, 1962 

CLEVITE 
ELECTRONIC 
COMPONENTS 
DIVISION OF [ECEv----.reJ CORPORATION 
232 FORBES ROAD . BEDFORD , OHIO 
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V1111eo 
TYPE FC-410 

Contacts: 4P-DT, 10 amps., at 28v 
DC or 115V AC. 
Coil: 26.Sv DC or 115v AC with 
self-contained rectifier. 
Mounting: Flange with holes or 
studs. Others available. 
Terminals: Flat and pierced lugs. 
Others available. 

• . • 2 AMP 

Scarcely larger than conventional 2 
ampere military relays, the Dunco 
FC-410 handles a full 10 amperes at 
28 volts DC or 115 volts AC. Packed 
into its tiny hermetically sealed case 
are a rotary armature and four Form 
C contacts capable of 100,000 reli­
able operations at ambient tempera­
tures up to 125°C. Designed to MIL­
R-5757D specifications, the FC-410 
withstands 50G shock and 20G 
vibration to 2,000 cycles per second. 

RELAY SIZE 

Unequalled as a power relay for 
electronic equipment, the FC-410 is 
one of several recent Dunco relays 
that pace the reliability and size 
requirements of critical ground 
support and airborne equipment 
designs. Slightly larger 10 ampere 
relays for air frame applications 
under MIL-6106C are also available 
as the Dunco FC-400 Series. Write 
for Data Bulletin FC-410 to 
Struthers-Dunn, Inc., Pitman, N.J. 

STRUTHERS-DUNN 
WORLD'S LARGEST SELECTION OF SMALL RELAYS 

68 

Member, National Auociation o/ Relay Manufacturers 

Sales Engineering Ofllces I•: Atlanta • Boston • Buffalo • Charlotte • Chicago • Cincinnati 
Cleveland • Dallas • Dayton • Denver • Detroit • High Point • Kansas City • Los Angeles • New York 
Orlando • Pittsburgh • St. Louis • San Diego • San Francisco • Seattle. Canadian licensee: Renfrew 
Electric Co., Toronto, Ontario, Canada. Export Department: 1505 Race St., Philadelphia 2, Pa., U.S.A. 
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good resolution, and may be used 
as a shutter tube with exposures of 
one microsecond by pulsing the 
front section between the photo­
cathode and the first multiplying 
dynode. 

Tube employing magnetic focus 
have been made, but so far have 
only been available as two-stage 
tubes having gains much less than 
100,000. 

However these tubes require the 
manufacture of many photo-cath­
odes in the tube envelope which is 
extremely difficult and therefore 
makes these tubes difficult to manu­
facture. 

The new device, type P829, 
achieves intensification of the elec­
tron image by focusing the elec­
trons leaving the first photo-cathode 
onto a thin transmission, secondary 
emission multiplying film. 

The image leaving the fifth film 
is accelerated onto a phosphor 
where the output image is produced. 
Thus the optical image is intensi­
fied without the need of producing 
more than one photo-cathode and, 
as the secondary emitting film s are 
easier to make than photo-cathodes, 
construction is simplified. 

The photo-cathode features tri­
alkaline S-20, minimum sensitivity 
80 microamps per lumen. Resolu­
t ion is 20 line pairs per millimeter 
minimum, up to 30 line pairs. Op­
erating potential is 35 to 40 Kv 
max., magnetic field is 260 gauss . 
The useful photo-cathode and 
phosphor diameter is one inch. The 
tube, manufactured by English 
Electric Valve Co., Ltd., is available 
here through Calvert Electronics. 

Future developments will include 
a version with a silica face plate, to 
increase spectral range of sensi­
tivity to cover 2,000 to 8,000 ang­
stroms. A demagnifying front 
stage is also under development to 
allow a la·rger area of the photo­
cathode to be used. 

The presently available P829 is 
finding uses in nuclear physics for 
observation of particle tracks in 
scintillation material, or for detec­
tion of Cerenkov rings to measure 
particle velocities. In astronomy, 
the tube reduces the exposure time 
required to detect weak stars. Mili­
tary applications include methods 
for maintaining observations in 
limited light, spectographic analy­
ses, or where ability to record faint 
images is advantageous. 

electronics 



Instant relief to interference caused by extra­
neous magnetic fields is the net result of shields 
made of Allegheny Ludlum's Mumetal. These 
shields protect components against stray exter­
nal fields or prevent neighboring parts from 
being affected by a field-generating component 
inside the shield. In electronics, Mumetal and 
shielding are practically synonymous terms. 

To develop its optimum shielding properties, 
Mumetal must be properly annealed in a pure, 
dry, high temperature hydrogen atmosphere 
after fabrication. When properly annealed, 
Mumetal has extremely high permeability and 
is capable of attenuating stray fields to negli­
gible proportions. 

In general, high permeability, shielding ex­
cellence and strain sensitivity go hand in hand. 
In the optimum condition, Mumetal is rela­
tively soft. Shields in this condition should be 

handled with care in order to preserve optimum 
shielding efficiency. 

In many applications, fabricating or field 
conditions are encountered which make it im­
possible to avoid straining the material after 
the high temperature hydrogen anneal. Even 
when strained, Mumetal shields remain ex­
tremely effective. 

The inherent ductility of Mumetal offers fab­
ricating advantages in forming, drawing, and 
spinning operations. 

For all your shielding requirements, insist on 
Allegheny Ludlum Mumetal. And for more in­
formation, ask for a copy of EM12, a 20 page 
technical Blue Sheet describing Mumetal, its 
properties, annealing details, etc. Write 
Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa., Address 
Dept. E-6 

~A LEGHENY LUDLUM c.:tl\ 
W PIONEERING on the Horizons of Steel W 
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PRODUCTION TECHNIQUES 

Printed circuit board is repaired 
with epoxy strip and metal particles 

T riode is shielded with 8-mil coat 
of high conductivity 

Lead is attached to capacitor with 
bonding technique 

Conductive Plastic Solders and Shields 
A TWO-STEP technique has been de­
veloped by Chomerics, Inc. of Cam­
bridge, Mass., for forming low cost, 
highly adhesive and electrically 
conductive plastic joints, lines and 
coatings. The technique can be used 
to replace metal soldering, metal­
ized coatings and braided wire 
shielding. Typical resistivities of 
the coatings are 0.01 to 0.001 ohms 
per square, depending on thickness. 

Materials for the process, which 
is called Cho-bonding, are about 
one-third the cost of conventional 
silver filled resins. A thin film or a 
small drop of a specially formu­
lated resin binder, usually an epoxy, 
is deposited on the surface is then 
coated with one of several special 
metallic powders by dusting, spray­
ing or immersion. Excess powder 
not absorbed by the resin film is 
recovered and the resin binder is 
cured, freezing the metal particles 
in place. 

Soldering Method 

\Vhen the technique is used for 
soldering, a drop of a low viscosity 
epoxy resin is applied to the lead by 
a syringe. The wet spot of resin 
is dusted with metal powder and 
the excess powder is poured off and 
recovered. The joint is then heat­
cured. A strong, moisture resistant 
bond is obtained since the low vis­
cosity resin has an opportunity to 
wet and penetrate the surface be­
fore absorbing the powder. 

Coatings can be obtained by an 
extension of the soldering tech­
nique, and surfaces of any size and 
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TABLE-APPLICATIONS OF BONDING TECHNIQUE 

Terminal and lead connections 
Electrical grounding 
Prototype assemblies 
Antistatic coatings 
Molded pots- variable resistors 
Printed circuit jumping-repair 
Wave guide tuning and repair 
E lectroplating tabs 
Cast t'onnet'tors and bases 
Bond ing to semiconductors 
Electroluminescent and fluorescent lamps 
Capacitor soldPr slug replacement 

shape can be coated. In one coating 
application, a glass triode tube had 
an 8-mil shielding coat applied. The 
tube was dipped in resin, then 
dusted with conductive powder. 
The viscosity of the resin was low 
enough to prevent sagging of the 
dusted film during curing. 

The coatings can be used on com­
plicated shapes and for covering 
extended areas, as in the manufac­
ture or repair of parabolic radar 
antennas. In the manufacture of 
radar antennas, the technique elimi­
nates the need for flame spraying 
metal coatings on the plastic sub­
strate. Difficult to reach interior 
surfaces can also be coated satis­
factorily. 

Another application is the prep­
aration of shielded cable. The coat­
ing is applied in t h is case over the 
inner insulating plastic layer of the 
cable. First the liquid resin binder 
is applied by dipping or extrusion 

Stenciled printed circuits 
Extruded r-f cable shielding 
Molded r·f connector bodies 
RFI shielded rooms and containers 
Wave guide gaskets 
Molded electroplating forms 
Flexible body electrodes 
RFI static closure gaskets 
Radar reflecting coatings 
Hand applied shielded tape 
RFI blankets 

and then the conductive particles 
are applied by dusting or by pulling 
the cable through a fluidized bed of 
the particles. The resin binder is 
thereafter cured. If a flexible resin 
binder is used the cable can be bent 
without destroying the coating. 
Cables so treated have a tight, uni­
form coating. 

Board Repair 

Printed circuit boards can be 
manufactured and repaired with 
the technique. A line of resin is 
layed down, either by hand or by 
silk-screening or offset printing, 
then dusted with powder and cured. 

The conductive powders used are 
coarse, free flowing metal particles 
that form electrically conductive 
paths when maintained in particle­
to-particle contact in a suitable 
plastic binder. Volume resistivities 
of plastics filled with these conduc­
tive powders are uniformly below 
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How Denison Precision-Cleans .0002" 
Tolerance Parts Weighing 180 Lbs.! 

June 15, 1962 

PROBLEM: Denison Engineering Div., American 
Brake Shoe Co., needed reliable precision-clean· 
ing of metal hydraulic components for missile· 
ground-support equipment they manufacture. 
Clearances down to .0002 in. had to be main· 
tained, yet cleaned. A familiar situation ... ex· 
cept that these components weigh up to 180 lbs.! 

SOLUTION: They constructed an ultra-modern 
new White Room using "Freon" fluorinated sol· 
vents. "Freon" is an excellent selective solvent, 
yet is non-flammable and of extremely low tox­
icity. So it's perfectly safe and practical to work 
with the relatively large amount of solvent needed 
for total immersion of these bulky components. 
Denison needs no hoods or blowers to vent the 
solvent! 

In the photo, one of these hydraulic compo· 
nents, a 65-lb. pump-cylinder barrel is lowered 
into an ultrasonic bath of "Freon" solvent at 
Denison's new White Room. According to Den· 
ison, the "Freon" has so low a surface tension, 
it easily penetrates the tiny openings involved. 
There it washes away atmospheric or process 
contaminants such as dust, lint or chips, with­
out harming critical metal surfaces. 

Denison has found "Freon" dries quickly, 
leaves no residue on parts, gives better cavitation 
than previous solvents. And, most important, 
they can get 90% recovery of the solvent in a 
simply constructed still. Since using "Freon", 
they've never had a hydraulic component re· 
jected for cleanliness! 

• • • 
We'll be glad to give you help in selecting 
"Freon" solvents for use in your own White 
Room. Just write on your letterhead to Du Pont, 
2420E6 Nemours Bldg., Wilmington 98, Del. 

FREON® 
solvents 

~ 
u1. u. s. r.u. on 
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ADJUSTABLE 
PRECISION POLYSTYRENE 

CAPACITORS 

1st choice for 
Critical Applications 

SOUTHERN ELECTRONICS hermeti· 
cally sealed precision adjustable 
capacitors are being used for many 
applications in analog computers, 
network tuning circuits, differential 
analyzers, and similar circuitry re· 
quiring the utmost in accuracy and 
reliability. 

SEC has pioneered in the design and 
manufacture of hermetically sealed 
adjustable capacitors, and this ex· 
perience has resulted in a .01 % 
accuracy standard, and a degree of 
in-circuit reliability not previously 
available. SEC adjustable capacitors 
incorporate features proven to be 
years ahead of any comparable 
product now available. 

GENERAL SPECIFICATIONS 

Adjustment Range: ± 11/2% 
Dielectric Absorption: 0.02% 
Available from .01 mid. to 10 mid. 
Accuracy: .001 % 
Long Term Stability: 0.03% 
Temperature Coefficient: - 100 PPM per °C 
Temperature Range: -40°F to + I40°F 

~~ 
POLYCON 

'itll 
MYCON ............ 

Write today for complete 
specifications and 

general catalog. 

SOUTHERN 
ELECTRONICS 

<&utfuYia/u~t 
150 West Cypress Ave ., Burbank, California 
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Transistor lead is grounded to Conductive powder can be applied 
header by pouring, dusting, spraying 

0.01 ohm-cm and usually approach 
0.001 ohm-cm. 

The size of the metal particles, 
1 to 3 mils, and their shape, roughly 
spherical, are such that they 
readily penetrate and sink into the 
resin film. The amount of the metal 
powder a resin will accept in this 
manner is 85 to 90 percent by 
weight, which assures high and 
uniformly reliable conductivities. 

The conductive powders are con­
ductive in loose form and will not 
degrade. They, and plastics filled 
with them, have been maintained 
for periods of several weeks at 400 
F in an oxidizing atmosphere with 

no Joss in conductivity. Soldered 
leads have withstood humidity life 
tests of 100 percent relative humid­
ity at 100 F for 1,000 hours. 

A series of six bonding systems 
has been developed. One system 
cures at room temperature and is 
suitable for horizontal or sub­
stantially horizontal surfaces. 
Other systems cure at elevated tem­
peratures and are designed for 
various applications, with tempera­
ture ratings when in use of up to 
300 c. 

The table indicates the types of 
applications in which the technique 
can be used. 

X-Rays for Semiconductor Inspection 

Transistor at le/ t is rejected because of loose solder globules, bent leads, 
crimped whiskers. Device at right is acceptable 

RADIOGRAPHIC INSPECTION of semi­
conductors is being provided by 
X-Ray Engineering Co. through its 
Western Inspection Services Divi­
sion in Santa ClarA, Calif. 

The application of micro-radiog­
raphy to the nondestructive testing 
of small parts has proved to be a 
fast method for testing semicon­
ductors to high reliability specifi­
cations. 

The exposure technique is un­
usual and is not typically used by 
experienced radiographers. The 
focal distance used is 220 to 1, 
whereas the average focal distance 
used in normal applications is 18 

to 1. Alignment of the X-ray tube 
is accomplished with a concave 
shooting table, which conforms 
with the focal length radius so that 
all parts are positioned in identical 
relationship to the focal point. 

Because of the small size of the 
semiconductors, it is necessary to 
evaluate the film of each item in­
dividually with a 20-power micro­
scope. The most important defects 
are the inclusion of foreign par­
ticles (detectable as small as 0.0001 
inch ), poor crystal mounting, 
broken or split whiskers, and dis­
torted lead or semiconductor ele­
ments. 



Valuable Literature! New Linen 
Thread Company catalog, "Lacing 
Cords and Tapes for Electronics," 
can help you save money, elimi· 
nate hazards. It tells you how to 
save up to 500% with LTCo X-Type 
Nylon Lacing Cord, gives data you 
need on other Specification Lacing 
Cords and Tapes made by LTCo 
in Nylon Linen, Teflon, Cotton, 
Dacron. 

Write Dept. 16F for your copy 

THE LINEN THREAD UO., INC. 
Blue- Mountain, Alabama • Est. 1784 
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It's read 
more by 

~ 
I 

There's more data in electronics, the magazine that 
gives you the latest technical and engineering informa­
tion every week plus business and government trends. 
Subscribe now. Mail the reader service card (postpaid) . 
to electronics, the magazine that helps you to know and 
to grow! Rates: three years for $12, one year $6, Cana­
dian, one year for $10; foreign, one year for $20. Annual 
electronics BUYERS' GUIDE included with every 
subscription. 

subscribe today to electronics! 

"See us at the WESCON Show-Booth #2019 

Write us today 
for full 

particulars! 
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At left: No. 105-BSTI 
Single position Button 
Stem and Wafer making 
machine-Fully automatic. 
Designed for small pro­
duction runs on -spec ial 
tube parts or for labora­
tory use. Produces button 
stems up to 1V4 " diameter. 
Machine can be supplied 
with up to 24 positions. 

Illustrated below: An Eisler 
precision Vertical Spot Weld­
er designed exclusively for 
welding of electronic compo· 
nents. Available in sizes from 
'h to 7% KVA. 

CIRCLE 73 ON READER SERVICE CARD 



NEW PRODUCTS 

DESIGN AND APPLICATION 

KLYSTRON 

RE PELLER 
VOLTAGE 

POWER 
LEVEL 

LOCK 
ON LAMP 

Tunable Microwave Stable Oscillator 
SECONDARY STANDARD 

ON THE MARKET from Frequency 
Engineering Labs., P.O.B. 504, As­
bury Park, N. J., the G120X-1R ul­
trastable oscillator is tunable over 
a frequency range of 8.5 to 9.6 Ge 
with a short-term stability of 5 
parts in 10• (10 msec) and a long 
term stability of 1 part in 10• 
(eight hours). Dial accuracy is 
± 0.01 percent, power stability is 
± 1 db and power output is 500 mw. 
The oscillator (see sketch) consists 
of a tunable klystron controlled by 
a stabilizing feedback loop consist­
ing of a dual-mode cavity discrimi­
nator and a wide-band chopper­
stabilized d-c amplifier. Klystron 
reflector voltage and cavity are 
ganged to one knob for tuning. A 
separate knob tunes the discrimi­
nator to the desired frequency and 
the klystron is tuned until the sta-

DECADE 
SCALER 

120KC- 12KC-

DECADE 
SCALER 

DECADE 
SCALER 

50CPS- 5CPS-
5 KC 500CPS l.2KC 120CPS 

Frequency Generator 
CRYSTAL CONTROLLED 

MANUFACTURED by Anadex Instru­
ments Inc., 7617 Hayvenhurst Ave., 
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bilization indicator lamp comes on. 
A sample signal is taken after the 
load isolator by crossguide coupler 
and fed to the dual-mode cavity 
discriminator. A matched pair of 
forward and reversed crystals are 
used as the cavity detectors. Out­
put of each detector is fed to a sum­
ming junction where an error sig­
nal is developed (provided that the 
klystron frequency is within the op­
erating range of the discrimina­
tor). The error signal is amplified 
and applied to the klystron reflec­
tor, completing the feedback loop. 
Ripple in klystron high voltage is 
less than 500 µ,v and d-c is used on 
the filament. Freedom from spuri­
ous reference frequencies in the 
output makes this unit useful in 
coherent radar applications. 
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Van Nuys, California, the model 
CU-1 crystal-controlled digital fre­
quency generator provides discrete 
frequencies ranging between 5 cps 
and 600 Kc with an accuracy of 
0.0005 percent. Output voltage is a 
square wave with amplitude adjust­
able to 20 v peak. Both single­
ended and balanced outputs are pro­
vided. The CU-1 is designed for 
calibration and test use wherever 
precision frequencies are needed 
and eliminates both the variable os­
cillator and frequency counter nor­
mally used in such cases. The unit 
(see sketch) uses a 600 Kc tempera­
ture-regulated crystal, digital gat-

ing circuits, a manual frequency 
selector switch and a series of dec­
ade scalers. No monitoring or ad­
justment is necessary. The instru­
ment can be used for calibration of 
tachometers and flow meter instru­
mentation, timing circuits, calibra­
tion of laboratory frequency meas­
uring equipment and as a source of 
reference frequencies for check-out 
and system testing. 
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R-F -IN 

DRIVE SIGNAL 

WAVEGUIDE 

R-F -OUT 

Ultra High Speed Switch 
BROADBAND DIODE 

ANNOUNCED by Scope Inc., 121 Fall­
fax Drive, Falls Church, Virginia, 
this single-pole, single-throw ger ­
manium microwave switch has a 
bandwidth of 3 Ge at X-band, a 
switching speed of 1 nsec, dri ving 
power less than 60 mw and a mini­
mum isolation of 50 db. It can be 
used as a pulse modulator for very­
narrow, fast-rise pulses, an antenna 
switching device for low-power s ig­
nals and an r-f gate in wideband re­
ceiver circuits. Using the switching 
characteristics of germanium di­
odes, r-f energy is transmitted 
through the switch with one level 
of bias on the diodes, and is re­
flected when another level is ap­
plied (see sketch). Driving bias 
voltages depend on level of r-f to be 
switched. Bias of -1 v can pro­
vide 50 db isolation with 1 mw of 
power incident on switch. With for­
ward bias of i v, diode impedance 
closely matches that of waveguide 
and incident power is transmitted 
with an approximate loss of 5 db. 
High isolation is achieved over a 
broadband by critical spacing and• 

electronics 



BASIC 
MODEL 

NO. 

PV32-5 
PV32-10 

PV32-15 
PV32-30 
PV36-5 
PV36-10 

PV36-15 

PV36-30 
PV60-2.5 

PV60-5 
PV60-7.5 
PV60-15 

REGATRAN 
~·~"""'" 

~· . 
llHf 

another first from Electronic Measurements 

NEW "PY" Series Power Supplies 
BRIEF SPECIFICATIONS • 0.01 % or 2 millivolts regulation 

DC OUTPUT 

VOLTS AMPERES 

0-32 0-5 
0-32 0-10 

. 0-32 0-15 
0-32 0-30 
0-36 0-5 

0-36 0-10 
0-36 0-15 

0-36 0-30 
0-60 0-2.5 
0-60 0-5 
0-60 0-7.5 
0-60 0-15 

DIMENSIONS IN INCHES • All solid-state with SCR input 

PANEL PANEL 
HEIGHT WIDTH 

31h 19 

fr%, 19 

7 19 

8% 19 

3¥.i 19 

5* 19 

7 19 

8% 19 

3¥.i 19 

5* 19 

7 19 

8% 19 

DEPTH 
BEHIND 
PANEL 

17~ 

161h 

15%a 

16* 
171h 
161h 

15%0 
16~ 

17~ 

161h 

15%0 
16~ 

• Programmable over the entire voltage and 
current · range 

• Long-line remote sensing 

• Continuously variable current limiting 

• Slaved series or parallel operation 

• Up to 44% reduction in panel height 

reques f specification sheet 2020 

ELEC:TRC>NIC 

IVIEASUREIVIENTS 
COMPANY OF RED B A N K 

EATONTOWN • NEW JERSEY 
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WESTINGHOUSE 
ULTRASONICS 

A reliable production 
tool ... cleans almost 
anything better. Do you 
need absolute cleaning of metal, glass, 
ceramic or plastic parts or assemblies? 
Westinghouse ultrasonic cleaning can do 
it. It's fast. Production-line dependable, 
too: generators are solid-state, trans­
ducers are long-life Magnapak and-for 
insurance-Westinghouse supplies local 
maintenance and service. Write: Westing­
house Electronic Equipment Department, 
2519 Wilkens Ave., Baltimore 3, Md. You 

can be sure ... it it's Westinghouse 
J.Jmo 
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impedance matching of diodes. 
Switching speeds of 1 nsec can be 
achieved with less than 60 mw of 
driving power. 
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Microwave Wattmeter 
COMPLETELY DRY 

MANUFACTURED by MSI Electronics 
Inc., 116-06 Myrtle Ave., Richmond 
Hill 18, N. Y., the model 511 Calo­
rimistor is an insertion-type non­
directional microwave wattmeter 
for the direct measurement of r-f 
power ranging between 2.6 and 12.4 
Ge with a vswr of 1.1, insertion loss 
of 0.1 db, response time Jess than 
15 seconds, and power range up to 
250 watts with an accuracy of 10 
percent. Temperature range is be­
tween -28 C and +65 C. The unit 
contains a thermoelectric sensor in­
tegral with the waveguide whose 
output is fed to an indicating meter 
calibrated in watts of average 
power. Providing duty cycle is 
known, peak microwave power can 
be determined. By using one 
sensor at the transmitter and an­
other at the antenna, switching the 
meter shows actual power being de­
livered at the antenna compared 
with transmitter power. It can also 
be used as a calorimeter if properly 
terminated. 

CIRCLE 304 ON READER SERVICE CARD 

I 
! 
l 
~ 

t 
Digital Recorder 

STEPPING TYPE 

DIGl-DATA CORP., 4908 46th Ave., 
Hyattsville, Md. With the DSR-
1250 digital stepping recorder it is 

possible to have the density, re­
liability and convenience of mag­
netic tape with the asynchronous 
operation commonly associated with 
paper tape and card punches. 
Major use of the unit is envisioned 
as being the preparation of stand­
ard computer tape directly. So­
phisticated design has made possi­
ble asynchronous operation at 
speeds up to 300 discrete steps per 
sec. Up to 32 tracks can be recorded 
on 1 in. tape. 
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Decade Counter Board 
ELECTRONIC MODULES CORP., 1949 
Greenspring Dr., Timonium, Md. 
Board is provided to perform the 
divide by ten function to facilitate 
pulse counting where the binary 
coded decimal format is required as 
an output. The four flip-flops act as 
ripple through counter and the nec­
essary gating for the reset and out­
put is provided. 
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Power Supply 
ADJUSTABLE PARAMETER 

NJE CORP., 20 Boright Ave., Kenil­
worth, N. J., announces an adjust­
able parameter addition to CR and 
QR transistor-regulatod power sup­
plies. The Vari-Reg feature elimi­
nates overspecification. Regulation 
may be smoothly adjusted between 
± 0.005 percent and ±10 percent. 
Ripple is accurately and smoothly 
adjustable between 3 and 200 mv 
peak to peak. 
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F-M/F-M Transmitters 
FOR TELEMETRY USE 

TELEMET CORP., Amityville, L . I., 
N. Y., announces two solid-state 
f-m/f-m transmitters for telemetry 
applications in the 215 to 260 Mc 
range. Model 3001A is a pressur­
ized unit with a power output of 2 
w into a 50-ohm load. Model 3005A 

electronics 



1::; a nonpressunzed unit with a 
power output of 4 w into a 50-ohm 
load. Frequency stability is ±0.01 
percent. Frequency response is ± 2 
db from 10 cps to 100 Kc. The 
3001A measures 3.5 in. in diameter 
by 2.5 in. high. The 3005A is 4~ by 
2 ~ by H in. 
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Recorder / Reproducer 
WIDE BAND SYSTEM 

MINCOM DIV., Minnesota Mining and 
Mfg. Co., 2049 S. Barrington Ave., 
Los Angeles 25, Calif. A wide band 
f-m record/ reproduce system has a 
frequency response from 1 cps to 
400 Kc, for use with 1 or 1.2 Mc 
tape operation. Unit provides 7 or 
14 track record and playback capa­
bility at 120 ips and extended 1-f 
response. The same reduction in the 
effects of tape drop-outs, over direct 
recording systems, that result from 
the use of other f-m systems are 
applicable. 
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Cathode Follower 
HIGH TEMPERATURE 

ENDEVCO CORP., 161 E. California 
Blvd., Pasadena, Calif. Model 2619 
operates in a temperature range of 
-65 F to +500 F and may be 
mounted alongside those Endevco 
piezoelectric accelerometers which 
are designed to operate up to + 500 
F. It is 1 in. by 1 in. by 2.5 in. plus 
mounting flanges; shock resistant 
(internal shockmount) 100 g 6 mil-

June 15, 1962 

HICKORY BRAND 

Constructions 
designed 
to meet your 
specific requirements 

HICKORY BRAND 

TEFLON* 
200°C HOOK-UP WIRE 

Long, continuous lengths I Immediate delivery! 
• Type E-600V- Type EE-lOOOV 

(meeting all requiremen ts of MIL·W.1 68780 ) 

• 26 AWG through 16 AWG • Every reel 1000/o Tank Tested 

quality hook-up wire has extruded Teflon* insulation over stranded, silver-coa ted 
copper conductor. !260°C Hook-up Wire has nickel-coated copper conductor .) 

Basic color-coded insulated wi1·e is available with braided 
shield or shielded and jacketed with Nylon, PVC, wrapped TFE. 

•Reg . DuP011t trademark 

Fot prompt quotations, call or write 

HICKORY BRAND 
Electronic Wires and Cables 

SUPERIOR CABLE CORPORATION 
P. 0 . Box 480-A • Hickory, N. C. 6096 
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for frequency ranges from 2 to 6 me. 
4.5 to 13.5 mc.-11 to 33 mc.-or similar ranges 

A multi-frequency service radiator requiring no matching equipment 
ADVANTAGES 

• Extre mely constant input impedance 
over o w ide fre quency range. 

• Powe r handling capacity to 150 kw. or 
more. 

t Radiat ion perfo rmance equal to, or 
better than a con ventional radiator 
w ithout the need of impedance match ­
ing equ ipmen t. 

WIND TURBINE COMPANY 
WEST CHESTER, PA. 

Phone: OWen 6-3110 

TRYLON TOWER AND ANTENNA SYSTEMS 
•RESEARCH 

•DEVELOPMENT 

•MANUFACTURE 

• INSTA!lATION 

Write, wire or phone for information or application to your requirements. 
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LASER 
JNGL_E __ CIJ..Y5TAJ.5" 

The largest variety and sizes of 
LASER Crystals, doped with rare 
earths and transit ion elements are 
available al SEMI -ELEMENTS , INC ., 
where 90% of the world 's LASER 
Cr ystal s are produced. 

Most LASER Crystals are avail· 
able from stock in " As Grown" 
Boules or Finished Rods. 

SINGLE CRYSTAL CHIPS 
$15.00 to $40.00 each 

Ask us about these newest 
promising LASERS 

STRONTIU M M OLYBDATE 
C ESIU M M OLYBDATE 
BA RIU M M OLYBDATE 

L EAD M OLYBDATE 
ST RONTIU M T UNGSTATE 

C ESIU M TUNGSTATE 
Z INC TUNGSTATE 

GLASS LASERS 
PLASTIC LASERS 
LIQUID LASERS 
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electronics 

Editorial 
Opportunity 

IT DOESN'T HAPPEN OFTEN, 
but electronics, " bible of the in­
dustry" ond a McGraw-Hill publi­
cation, hos on opening for on 
Assistant Editor. 

Ide a ll y, the man w e ore look­

ing for and to whom a post on 
our New York staff could be a 
long-term challenge, would hove 
on electrical engineeri ng degree 
or technical equival e nt, practical 
experience in our fi e ld and a 
demonstrated aptitude for edit­
ing, writing, reporting . He prob­
ably lives somewhere in the 
metropolitan area and therefore 
would hove no relocation prob­
lem. 

Write The Editor, electronics, 
330 W. 42nd St., New York 36, 
stating experience, aspirations 
and post earnings. Mork the 
envelope " Confidential" and it 
will be kept tha t way. 

lisec sawtooth ; provides linear out­
put of 5 v (rms) 0.5 ma ; operates 
over frequency range of less than 
2 to 20,000 cps ± 2 percent with 
100,000 ohm load. 
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Electrolytic Pots 
GRAVITY SENSING 

H AMLIN, INC., Lake Mills, Wisc., 
announces t he EPlOO series of 
gravity sensing electrolytic poten­
t iometers. The proper selection 
from this family of 8 different rat­
ings offers a system for use in gyro­
scope correcting mechanisms and 
many other devices or control re­
quiring a gravity reference or t ilt 
indication. The glass tube of the 
EP108 illustrated is H in. long, 
with a diameter of 3~2 in. 
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Lock Type Holder 
INSULATED HANDLE 

TECHNI-TOOL, INC., 1216 Arch St., 
Philadelphia 7, Pa., offers a lock 
type holder, with a two position 
snaplock t hat will not slip. Device 
wit h its insu lated handle provides 
safety in h-v application s and a 
cushion feel to prevent fatigue . The 
slim serrated jaws provide an ex­
cellen t heat sink and clamp for the 
soldering of transistors, thermis­
tors and diodes. Available straight 
or curved. 
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Amplifiers 
SOLID STAT E 

HRB-SINGER, INC., P . 0. Box 60, Sci­
ence Park, State College, Pa., offers 
ampli fiers for rugged military ap­
plications. They are equipped with 
self-contained power supplies, and 

electron ics 



COMPUTER 
RESEARCH 
ENGINEERS & 
LOGICAL 
DESIGNERS 

Rapid expansion of the Computer 
Laboratory at Hughes-Fullerton has 
created several attractive profes­
sional opportunities for qualified 
Computer Research Engineers and 
Logical Designers. These positions 
require active participation in br()ad 
computer R & D activities in con­
nection with Army Navy computer 
systems and new large-scale, general­
purpose computers. These multiple 
processor computers utilize advanced 
solid-state circuitry, gating and reso­
lution times 1n the millimicrosecond 
regions ; combine synchronous and 
asynchronous techniques for maxi­
mum speed and reliability . 

These professional assignments 
involve broad areas of logical design, 
programming and system conception . 
Fields of interest include: 

• Distributed computers• Ad· 
vanced arithmetic processing 
techniques• Mechanized design 
•Asynchronous design tech· 
niques •Utilization of parame· 
hons in computers • Studies in 
the utilization of multiple proces· 
sor computers. 

These professional assignments 
involve such R & D areas as: 
•Solid state digital circuitry 
involving millimicrosecond logic 
•Microwave carrier digital circuits 
• Sub-microsecond core memory 
•Thin film storage techniques 
•Functional circuit concepts 
•Micro-miniaturization concepts 
•Tunnel diodes • Microwave pa· 
rametrons • Circuit organization 
for maximal-speed computing. 
Located in Southern California's 
Orange County (the nation's fastest 
growing electronics center ), Hughes­
Fullerton offers you: a stimulating 
working environment; private or semi­
private offices; long-term stability. 
CALL COLLECT TODAY! 
For complete information on these 
challenging assignments, call us col­
lect today! Ask for : 
Mr. J.E. TENNEY at: 
TRojan 1·4080, ext. 3741. 

Or, airmail resume to: HUGHES­
FULLERTON R & D, P. 0. Box 2097, 
Fullerton 1, Californ la. 

An equal opportu n ity employer. 

HUGHES 

June 15, 1962 

are watertight and pressurized. The 
amplifiers are useful for broadband 
applications at vhf frequencies, and 
have a typical noise figure of 5 db. 
They function at their maximum 
over a range of operating tempera­
tures from -54 C to + 71 C. 
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Coating Resin 
FOLTIN ENGINEERING CO., 20-61 29th 
St., Long Island City 5, N. Y. Fol­
enco HiDi insulating compound, 
with its high dielectric strength of 
1,200 v per mil, finds application as 
a coating resin for the rapid repair 
of coated wires and potted systems. 
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Y-Circulator 
FOR AIRBORNE USE 

HYCON MFG. co., 700 Royal Oaks 
Drive, Monrovia, Calif., has devel­
oped a Y-circulator less than 1 in. 
on a side and only ~ in. in height. 
It is made of aluminum, weighs less 
than 1 oz, and is designed to meet 
rugged environmental conditions. 
Specifications: choice of center fre­
quency from 5.4 to 11 Ge, isolation 
of 20 db min, insertion loss of 0.5 
db max, minimum bandwidth of 6 
percent and vswr of 1.3 max. 
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Coaxial Switch 
WIDEBAND, RUGGEDIZED 

E&M LABORATORIES, 15145 Califa St., 
Van Nuys, Calif. Model SCllOSC 

For widest frequency selection 
and smallest size 

SPECIFY 

Collins Crystal Filters 
Your circuits will benefit now 

from the industry's widest fre­
quency range, sharpest selectivity, 
and smallest size when you specify 
Collins Crystal Filters. 

A For example , the new Collins 5 me 
Sideband Crystal Filter . with a 1 7:1 
shape factor has 5 ·1 i mprovement in 

select1v1ty with 2 to 1 reduction 1n size . 
This filter will perform at temperature 
ranges from -40'C to +85'C and at 
altitudes up to 50 .000 feet with a fre­
quency shift of less than ± 005% 

Other characteristics 25 db carrier 
reiection , maximum 9 db insertion loss , 
minimum spurious response attenuation 
of 60 db. 

And approximately the same 
characteristics have been applied 
to a standard 1.75 me filter for 
critical single sideband applications. 

Take maximum advantage of 
these filte.r capabilities by con· 
tacting Collins at the design stage 
for units that will best fit your 
specifications. 

For complete information about 
all Collins Crystal Filters, call or 
write for Data File 203, Collins 
Radio Company, Components Divi­
sion, 19700 San Joaquin Road, 
Newport Beach, California. 

\ CONTACT I 

~ 
COLLINS 

~ 
'19 
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Stanc:r I} o 
0 

transformer 
encapsulations 
meet mil specs 
tor flammability, 
humidity, 
temperature j 

Stancor Electronics offers the industry's 
widest range of encapsulation techniques 
and materials-many developed in our 
own encapsulation laboratory and avail­
able only from Stancor. 

Substantial reduction in size and 
weight without sacrifice of reliability 
or environmental characteristics can be 
achieved through the use of Stancor 
designed and encapsulated transformers. 

For he! p with your transformer design 
problems, write for the address of our 
nearest engineering sales office. 

O Filter Reactor with epoxy molded coil meets 
MIL-T-27A, Grade 5, Class R. 

8 Epoxy molded dual filter reactor, flame 
retardant material-meets MIL-T-27A, 
Grade 5, Class R. 

0 Epoxy dipped filament transformer, 
105°C operating temperatures. 

0 Silicone rubber encapsulated power 
transformer, 200°C operating temperature. 

0 MIL-T-27A Filter Reactor with "Scotch Cast" 
impregnated coil. Entire unit epoxy molded. 

Since 1955, Stancor Electronics, Inc., has 
been operating continuously under 
RIQAP, the U. S. Army Signal Corps' 
Reduced Inspection Quality Assurance 
Plan. When you specify Stancor trans­
formers, delivery time is reduced and 
incoming inspection is at a minimum. 

R I Q A p You are assured of the highest quality 
units for military application. 

Factory and product approval has bttn received from 
leading military prime contractors. 

For Immediate Delivery-Stancor 
makes available the most extensive line 
of stock transformers in the industry­
through Stancor Industrial Distributors. 
For a detailed listing of these units, 
write for Catalog CS-101. 

S'l'ANCOR 
ELECTRONICS, INC. 

3502 W. Addison Street• Chicago 18, Illinois 
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coaxial switch employs features 
that permit it to function where ex­
treme accelerations, gaussian and 
sinusoidal vibrations and high tem­
peratures are normal. Over the fre­
quency range of 0 to 6.0 Ge the 
switch has a maximum insertion 
loss of 0.3 db, a maximum vswr of 
1.25, and a minimum isolation of 
20 db. 
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Accelerometer 
COUNTING TYPE 

GIANNINI CONTROLS CORP., 1600 S. 
Mountain Ave., Duarte, Calif. Ap­
plications for model 2432 include 
aircraft load survey records and 
shock recording on missile trans­
porters. Accelerometer portion of 
the instrument is hermetically 
sealed, viscous damped with mini­
mum crosstalk error and maximum 
output sensitivity. Frequency re­
sponse is fiat to 3 cps ±4 percent. 
Operating temperature is -54 C 
to +125 C. Life expectancy is 250,-
000 counts. 
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Frequency Meter 
DIRECT READING 

BUDD-STANLEY co., INC., 175 Eileen 
Way, Syosset, Long Island, N. Y. 
Model X1301A covers from 8.2 to 
12.4 Ge. Meter uses a TEw resonant 
cavity coupled to WR-90 waveguide 
with a dip of approximately 1 db in 
the transmitted power at resonance. 
Frequency can be read directly 
from the scale with an overall accu­
racy of 0.08 percent. The high Q 

Miniature 
connectors 
With 
minimum 
vonaoe 

... Less 
than 3 

mv at 5 
amps. is 

the aver­
age volt­

age drop 
across the 

snap-in contacts 
of CEC's 500C 

miniature electrical 
connectors. This low contact 

resistance makes these rectangular 
connectors ideal for dry circuit appli­
cations. Designed to exceed MIL-C-
8384A requirements, they are avail­
able in a range of 14 to 200 contacts 
-with mounting hardware for flush 
or surface installation, right-angle or 
straight cable entrance and guide pin 
or jackscrew ma ting. • For more data, 
call your nearby CEC office or write 
for Bulletin CEC4010-X2. 

CEC 
Data Recorders Division 

CONSOLIDATED ELECTRODYNAMICS 
PASADENA, CALIFORNIA 

A SUBSIDIARY OF BELL & HOWELL 
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We 're living in a needing, buying, growing America-a 
time for new and improved products and services-the 
creation of new jobs. More than ever, a businessman with 
an idea , with the urge for something better will move ahead 
with our expanding economy. 

But after the idea, what follows can be a costly period 
of research and development. Not necessarily- if you use 
the immense 9-billion-dollar fund of research and patent 
information that 's available at your U. S. Department of 
Commerce. Think of the saving- in t ime and money. 

For example: there are reports on extensive research by 
your Government in new products and processes. A trans-

lation of data on inventions and discoveries abroad - infor­
mation on over 3 million patents- a fortune in patents 
owned by your Government. All this is yours-for your use 
and your benefit. 

Take advantage of the many ways in which your business 
can grow. In developing new products and services. In the 
lucrative foreign markets. In new U.S. markets. In attract­
ing new industry to your local community. Just phone or 
write the U. S. Department of Commerce Office of Field 
Services in your city, or Washington 25, D.C. Your ••• 
U. S. Department of Commerce is always ready to~ ~ 
help you grow with America! ~ 

NOW'S THE TIME TO GET GROWING IN A GROWING AMERICA! 
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The high standards of MITSUMI electronic 

components ore insured by o fully-auto­

mated assembly system, and double-checked 

by rigid quality controls. Mitsumi Electric 

Company is Japan's largest manufacturer 

of components for radio, television and 

communications equipment. 

MITSUMI PARTS 
MITSUMI ELECTRIC CO., LTD. 

Komae, Kitatama, Tokyo 

Good 
parts 
work 
best! 

Intermed iate 
Frequency 
Transformer 
IFT 

POLYVARICON 
Variable 
Capacitor 
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If short runs and a wide variety of labels are part of your labeling problem, this machine 
can help you. Industry. has found that roll labeling without glue offers matchless control, 
efficiency and convenience • New Jersey Machine Corp. offers the economies of roll labels, 
the ability to imprint valuable data within a master label, and a quick-start no-glue label· 
ing operation. Write today for full information. 

•o'""K ro""••~. /". f\;, Lab•llng, Cartoning, Paper Box Machinery 

·, : NEW J ER 5 E Y MACH IN E CORPORATION .. ~ 

.. ~ ..... f ........... , ... 

MAIN OFFICE AND PLANT • 16TH ST. AND WILLOW AVENUE, HOBOKEN, N, J, • OLOFlELO 9-0483 

FACTORY SALES ANO S&RVICE BRANCHES; 32!5 W, HURON ST., C1-41C.A.GO 10, IL.LINOIS, :21500 W. CTH ST., LOS ANGELES !17 1 CALIFORNIA 
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cavity is tuned by means of a choke 
plunger and no sliding contacts are 
used. A precision lead screw spring 
loaded to prevent backlash provides 
a resetability of 0.01 percent. 
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Waveguide Load 
VSWR BETTER THAN 1.02 

MARCONI'S WIRELESS TELEGRAPH CO. 

LTD., Chelmsford, Essex, England. 
Type F1210, designed to give a 
good match over the 2.6 to 3.95 Ge 
range, is a tapered section of car­
bonyl iron and araldite molded in 
the waveguide, with a plain flange 
as standard fitting. 
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D-C Power Supplies 
TRANSISTORIZED 

RAYTHEON co., Sorensen Products, 
Richards Ave., South Norwalk, 
Conn. Extending the existing QM 
series, ranging in output down to 
3 v, these units have a max output 
rating of 30 w with voltage regu­
lated to ±0.05 percent against line 
and load variations. Insensitive to 
input frequency variations, they op­
erate on 50, 60, or 400 cps. 
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Receiver /Comparator 
VERY LOW FREQUENCY 

RMS ENGINEERING, INC., 486-14th 
St. N.W., Atlanta 13, Ga., has de-

electronics 



first 
choice of 

a/14 

satisfies the 
buying and specify­

ing needs of all 
four segments of the 
industry! Gives more 

information in less 
space. Easier to use. 

Only the 
BUYERS' GUIDE 
has been screened f 01· 

usefulness over a 20 year 
period ... comes to you 

compact, complete 
and accurate. 

gives more to all 4! 

June 15, 1962 

veloped an ultrasensitive vlf re­
ceiver / comparator that determines 
the frequency error of a local stand­
ard by comparison with Standard 
National Signals of NBA and 
WWVL. The solid state, self-con­
tained system is designed for 
standardizing the frequency of 
local frequency standards having 
drift rates from 1 part in 101 per 
day to iess than 1 part in 10'0 per 
day. 
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.. 
Voltage Stabilizer 

AUTOMATIC 

MARCUS TRANSFORMER CO., INC. , 

Rahway, N. J., offers a line of auto­
matic voltage stabilizing trans­
formers. Line voltage variations as 
high as 20 percent above normal 
and 20 percent below normal are 
stabilized to within ±1 percent of 
a fixed voltage on the output side. 
Stabilizers are currently available 
in sizes up to and including 100 
Kva, single phase, and 3 phase and 
in all standard or non-standard line 
voltage ratings to 600 v. 
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Bridge Balance 
AND POWER SUPPLY 

DETROIT ELECTRONIC CORP., 13000 
Capital Ave., Oak Park, Mich. Com­
bined bridge balance-power supply 
unit is designed for use in conjunc­
tion with strain gage transducers 
of the half or full bridge type. It 
eliminates complicated external cir­
cuitry and cabling. Bridge balance 

Employment opportunities 

with PAN AM 
at Cape Canaveral 

Scientific Advisory Stoff 

Advanced Planning 

Range Instrumentation 
Planning & Systems 
Design 

Program Monogement 

Operations 

Facilities Planning 

Facilities Engineering 

Pan American, as prime contractor to 
the U.S. Air Force, has fulfilled the respon· 
sibility for planning, engineering, operat· 
ing and maintaining Cape Canaveral and 
the Atlantic Missile Range since 1953. 

Pan American scientists and engineers 
have participated intimately in all stages 
of the national programs since early V-2 
tests through Project Mercury's series of 
manned space flights. 

With Pan American, technically respected 
people have freedom to choose career 
positions with unlimited opportunities for 
professional development. 

In addition to normal company bene· 
fits, Pan Am offers the unique advantage 
of a 90o/o world-wide air-travel discount. 

You are invited to send your resume in 

confidence to David I. Bruner, Personnel 
Manager, Guided Missiles Range Divi· 
sion, Pan American World Airways, Inc., 
P. 0 . Box 4336, Patrick Air Force Base, 
Florida. 

An Equal Opportunity Employer. 

GUIDED MISSILES RANGE D IV ISION 

CAPE CANAVERAL, FLORIDA 
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Model 6050-differential de amplifier. 
Designed specifically to meet the 
system engineer's requirements, unit 
incorporates the following features: 
Wide bandwidth: DC to 10 kc. 
Dual outputs (simultaneous): ± lOv at 100 ma and 
± lOv at 10 ma. 
High common-mode rejection with 1000-ohm input 
line unbalance: Withstands 117 VAC common mode 
voltage between input and output ground. 
Isolation: Input and output are completely isolated 
from each other-from rack cabinet, and power line. 
Small size: 27/a" W x 51/•" H x 161/2" D. 

NEW YORK 

Dynamics manufactures many types of 
instrumentation amplifiers-guarded, 
insulated, and isolated. Write for 
literature on the Model 6050, or the 
entire line. 

DYNAMICS 
INSTRUMENTATION COMPANY 
583 Monterey Pass Road, Monterey Park, Calif. 
Phone: CUmberland 3-7773 
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FASTENERS FROM 
DIE CAST 

ZINC ALLOY 
I ~~ 

Wing Nuts ~ 

MIAMI ~ 
DALLAS Cap Nuts 

~ 
IMMEDIATE DELIVER y hum~~Nuls ' 

LNYWHERE Ff'¥f NYLON SCREWS 

84 

' . . 

IN THE Tl\umb& AND NUTS NA TIQN Ing Screws 

ELECTROLYTIC 
AND 

PAPER TUBULAR 
CONDENSERS 
"35 YEARS OF PROVEN 

DEPENDABILITY" 

COSMIC CONDENSER CO. 

~ 
Washers 

ScrtW 
lnsulatois 

also available in Delrin 

MACHINE SCREWS from miniature 
#0 thru 1/4" in wide ra nge of 
lengths and head types. 
Also SET SCREWS, NUTS from #2 
t~ru 5/ 16". 
GRC'!> exclusive methods-die cast­
ing zinc alloy or molding Nylon 
and Oelrin fasteners in one high 
speed automatic operation-assure 
high quality at lowest possible 
i:ost . 
Write, wire. phone TODAY for SAM­
PLES. prices. 
your copv of 
GRC's NEW 
INDUSTRIAL 
FASTENER 
CATALOG le~o1ce 

GRIES REPRODUCER CORP.~ 
World's Foremost Producer o/ Small Die Cnstin's 

151 Beechwood Ave. • New Rochelle, N. Y. 
853 WHITTIER STREET, BRONX, N. T. Phone: (914) NEw Rochelle 3-8600 

LUdlow 9-3360 
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unit consists of balance controls, 
adjustable calibration resistor, cali­
bration push-button, range control 
and polarity switch. Power supply 
is completely transistorized. 
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Termination 
HIGH POWER 

HEWLETT-PACKARD CO., 1501 Page 
Mill Road, Palo Alto, Calif. Modei 
X913A waveguide termination dis­
sipates 500 w average power with­
out forced air or liquid cooling, and 
is only 9 ~ in. long and 4 in. in di­
ameter. If desired, the termina­
tion can be force cooled for greater 
dissipation. The termination is not 
damaged by severe overload, and 
can handle 100 Kw peak power 
using only convection cooling. 
Maximum swr is 1.05. Price is $100. 
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D-C Potentiometer 
PRECISION UNIT 

SENSITIVE RESEARCH INSTRUMENT 

CORP., New Rochelle, N. Y., an­
nounces the type 9120, a 4 dial 7 
figure precision d-c potentiometer 
with single window readout and 
resolution of 1 part in 20 million. 
Total measuring span of 2.099,999,9 
v is achieved without a change of 
range. Manufactured by Guildline 
Instruments, Ltd., of Canada, the 
potentiometer is designed for use 
as a general purpose high accuracy 
measuring instrument with special 
emphasis on simplicity of operation 
and readability. 
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PRODUCT BRIEFS 

BLOCK-TAPE READER/ HANDLER with 
isolated contacts. Chalco Engineer­
ing Corp., 15126 S. Broadway, Gar­
dena, Calif. (326) 

PIN AND SOCKET CONNECTOR 50-posi­
tion, subminiature. AMP Inc., 
Harrisburg, Pa. (327) 

COATING MATERIAL for axial lead 
semiconductors. U.S. Semiconduc­
tor Products, Inc., 3540 W. Osborn 
Road, Phoenix 10, Ariz. (328 ) 

D-C/D-C CONVERTER militarized. Elec­
tronic Development Corp., 423 W. 
Broadway, Boston, Mass. (329) 

INDUSTRIAL TYPE MOTOR 1.4 w out­
put. Daystrom, Inc., Transicoil Di­
vis ion, Worcester, Pa. (330) 

CONTINUOUSLY VARIABLE ATTENU­
ATORS broad band. Coss or Radar & 
Electronics Ltd., The Pinnacles, 
Harlow, Essex, England. (331) 

SILICON CARTRIDGE RECTIFIERS high 
voltage, axial lead. Electronic De­
vices, Inc., 50 Webster Ave., New 
Rochelle, N. Y. (332) 

MICROMINIATURE CONNECTORS for 
severe environments. Hermetic Seal 
Corp., 4232 Temple City Blvd., 
Rosemead, Calif. (333) 

DIGITAL FREQUENCY METER gives an 
accuracy of ± 1 count. Avtron 
Mfg., Inc., 10409 Meech Ave., 
Cleveland 5, 0. (334) 

SOLID-STATE COMMUTATOR low drift, 
high accuracy. General Electric Co., 
French Road, Utica, N. Y. (335) 

WIDEBAND AMPLIFIERS solid state. 
silicon. Scientific Data Systems, 
Inc., 1542 Fifteenth St., Santa 
Monica, Calif. (336) 

SILICON H-V REGULATOR DIODES low 
noise characteristics. Micro Semi­
conductor Corp., 11250 Playa Court, 
Culver City, Calif. (337) 

MULTIPOLE CERAMIC SWITCH with­
stands temperatures of -200 to 
+600 F. Unidynamics, a div. of 
Universal Match Corp., St. Louis. 
Mo. (338) 

STRIP CHART INTEGRATORS three new 
models. Disc Instruments, Inc., 
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NEW GAS DISCHARGE INDICATION TUBE 
FOR SMALL SIGNALS 

Designed specifically for display indicator use in transistorized electronic 

equipment, the TG121A glow discharge tube offers important advan­

tages over neon indicators and miniature incandescent lamps. Of prime 

importance is the fact that it can be switched on and off by an input 

signal of a few volts and thus can be operated directly by ordinary 

transistor output voltage without amplification. Since it is a cold cathode 

device there is no heating problem such as is encountered with miniature 

lamps, even when many are used. Th is advantage coupled with its small 

size (length 18mm, diameter 8mm) makes it ideal for miniaturized equip· 

ment. Characteristics are stable and life is practically limitless. Detailed 

specifications and application information are available from our repre· 

sentatives listed below. 

FUJI TSUSHINKI SEIZO K.K., 
TOKYO, JAPAN 

R ePrese1lled by: 
•The Nissho American Corporation O New York 5, 80 Pine St., WH 3·7840 D Chicago 
3, 140 s. Dearborn St., CE 6-1950 •The Nlssho Pacific Corporation D San Francisco 
4, 120 Montgomery St., YU 2-7901 D Los Angeles 14, 649 S. Olive St., MA 7-7691 
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Only 71/2 cents a week is the easy way! ($6 one year, $9 for two 
years, $12 three years.) Just fill in the handy "For subscriptions" 
section of the Reader Service Card in this issue .. . and you ' ll get 
instant subscription. 

electronics: 330 West 42nd St., N. Y. 36. 
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for maximum 
reliability 

SPECIFY BIRTCHER 
PCB-TAINERS® 

NEW­
LOW COST SPRING 
CLIPS TO RETAIN 
PRINTED 
CIRCUIT BOARDS 
PROVIDE EXCELLENT 
GROUND AND 
THERMAL PATHS 

Birtcher PCB-Tainers simplify 
design and production, provide 
important cost savings. PCB­
Tainers are tested to retain 
printed circuit boards under 
more than 30Gs, vibration up to 
2000 cps. Material is beryllium 
copper for excellent electrical 
ground and thermal path. 
Standard lengths for 3/32-in. 
and 1/16-in. boards. 

Available from 
authorized distributors 

Send for new technical 

data sheet with 

drawings, test report, 

complete details, 

THE BIRTCHER 
CORPORATION 

INDUSTRIAL DIVISION 

745 S. Monterey Pass Rd.• Monterey Park, Cal. 

TUBE/TRANSISTOR/COMPONENT 
RETENTION AND COOLING DEVICES 

3014 B South Halladay, Santa Ana, 
Calif. (339) 

SPECTRUM ANALYZER and measuring 
set. Panoramic Electronics, Inc., 
520 S. Fulton Ave., Mount Vernon, 
N. Y. (340) 

PRECISION POWER RESISTOR sub­
miniature. Omtronics Mfg., Inc., 
P.O. Box 1419, Peony Park Station, 
Omaha 14, Neb. (341) 

TELEMETERING SYSTEM pipeline 
data. Datex Corp., 1307 S. Myrtle 
Ave., Monrovia, Calif. (342) 

ACCELERATION SWITCH small unit. 
Humphrey, Inc., 2116 E. Central 
Ave., Wichita, Kansas. (343) 

MULTICAVITY LASER 50 joule output. 
Raytheon Co., Waltham Ind. Park, 
Waltham, Mass. (344) 

SILICON DIODE RECTIFIERS for indus­
trial use. Marcus Transformer Co., 
Inc., Rahway, N. J. (345) 

SERVO-METER-POT MODULE accuracy 
to 0.25 percent. Computer Instru­
ments Corp., 92 Madison Ave., 
Hempstead, L. I., N. Y. (346) 

TRANSISTORIZED POWER SUPPLY low­
cost, compact. Garwin, Inc., Wich­
ita, Kansas. (347) 

ADJUSTABLE CAM SWITCH 1 Ur in. 
diameter. Precision Mechanisms 
Corp., 44 Brooklyn Ave., Westbury, 
L. I., N. Y. (348) 

TRANSMITTING MULTICOUPLER four­
channel device. Granger Associ­
ates, 974 Commercial St., Palo 
Alto, Calif. (349) 

TRANSMITTER-RECEIVING ANTENNA 
features low side lobe levels. 
Temec, Inc., 7833 Haskell Ave., 
Van Nuys, Calif. (350) 

THERMISTORS glass-enveloped. Fer­
roxcu be Corp. of America, Sauger­
ties, N. Y. (351) 

PHASE/VOLTMETER transistorized. 
Acton Laboratories, Inc., 533 Main 
St., Acton, Mass. (352) 

DIRECT-COUPLED PREAMPLIFIER wide­
band. Hexem, Inc., P.O. Box 636, 
Los Gatos, Calif. (353) 

MAGNETIC TAPE TRANSPORT for use 
with computers. Control Data Corp., 
8100 34th Ave. South, Minneapolis 
20, Minn. (354) 
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Is it ancient history 

by the time you see 

~lectronics? 

Get the facts while they're new. Don't 
wait for electronics on a route slip. 
Look in this issue for the Reader Service 
Card. Fill out and mail the "for subscrip· 
tions" section. Only 7112 cents a week. 

electronics 
A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36 
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Literature 
of the Week 

MODULAR POWER PACKS Electronic 
Research Associates, Inc., 67 Fac­
tory Place, Cedar Grove, N. J. Tech­
nical bulletin supplement describes 
the 500 ma series solid-state modu­
lar power packs. (355) 

ENERGY DATA Yardney Electric 
Corp., 40-52 Leonard St., New York 
13, N. Y. Data book enables t he user 
of high energy conversion systems 
to determine the type of system 
best suited to his needs. (356) 

ELECTRICAL INSULATION General 
Electric Co., 1 Campbell Road, 
Schenectady 6, N. Y. A 20-page bro­
chure describes a line of electrical 
insulation materials. (357) 

D-C POWER MODULES Technipower, 
Inc., 18 Marshall St., South Nor­
walk, Conn. Catalog 362 reflects an 
expanded line of miniature solid 
state d-c power supplies. (358) 

FACILITIES Dynaco Mechanisms, 
Inc., 175 Dixon Ave., Amityville, 
N. Y., offers a precision mechanical 
and electromechanical assembly 
capabilities brochure. (359 ) 

NOISE FIGURE SLIDE RULE Air­
borne Instruments Laboratory, 
Deer Park, L. I., N. Y. A noise fig­
ure measurement slide rule is avail­
able on receipt of letterhead re­
quest. 

MAGNETIC SHIELD M a g n e t i c 
Shield Div. Perfection Mica Co., 
1322 No. Elston Ave., Chicago 22, 
Ill., offers a data sheet on magnetic 
shield with large length to diameter 
ratios. (360) 

HIGH PERMEABILITY FERRITE Kear­
fott Div. General Precision Inc., 
Little Falls, N. J. Advance data 
sheet describes type MN-60 high 
permeability ferrite. (361) 

SILICON COMPUTER DIODES Na­
tional Transistor Mfg., Inc., 500 
Broadway, Lawrence, Mass. Two 
catalogs describe an improved line 
of silicon double diffused comp,uter 
diodes. (362) 

VOLTAGE REFERENCE ELEMENTS 
Henry Engineering Co., 3625 W. 
Pacific Ave., Burbank, Calif., has 
published engineering data for two 
miniature Zener d-c reference ele­
ments. (363) 
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INVESTIGATE 

GREATER 

ATLANTA'S 

Join these 
typical members 
of DeKalb-Atlanta's 
diversified industrial family: 
Genera l Electric 
Armour Agricultural 

Chemical Co. 
General Foods 
Singer Sewing Machine 
Genera l Motors 
(Buick, Oldsmobi le, Pontiac Assembly) 
Kraft Foods 
DuPont Pa ints 
Ralston Purina 
Southeastern Ford Tractor 

DYNAMIC 

DEKALB 

COUNTY 

10 OUTSTANDING 
INDUSTRIAL DISTRICTS 

NOW READYI 
•PRIVATE FINANCING AVAILABLE 
• CHOICE BUILDINGS FOR LEASE 

45~ -65~ Square foot per year 
(20,000 square feet or more) 

Big-City transportation and commu• 
nications, with room for your busi• 
ness to grow and prosper 

INQUIRIES CONFIDENTIAL SEND FOR FREE 
FULL COLOR BROCHURE 

Write, wire or phone 

f. WM. BROOME, Mana ger, Title--------------
DeKalb Industrial Committee of 100 Company _ ___________ _ 

P, 0 . Drawer 759, Atlanta 22, Ga, Address-------- -----

Telephone 378-3691 City & State·------------
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PEOPLE AND PLANTS 

Perkin-Elmer Opens Research Center 

ELECTRO-OPTICAL research and en­
gineering center was recently 
opened by Perkin-Elmer Corp. on 
a 17-acre tract in Wilton, Conn. 

The 100,000-square-foot facility 
consists of an office building at the 
front, housing the administrative 
staff, and a two-story structure at 
the rear, containing the engineer­
ing and advanced research and de­
velopment departments. The two 
units are connected by an isthmus 
section with a cafeteria, library 
and computer room. 

At the formal opening, Richard 
S. Perkin, founder and chairman 
of the board of Perkin-Elmer, told 
the assembly that technology has 
become the weight which swings or 
maintains the balance of world 
power between nations or groups of 

Bradford Joins 
Mincom Division 

APPOINTMENT of Robert Spencer 
Bradford as research manager of 
Mincom division, Minnesota Min­
ing and Mfg. Co., Los Angeles, 
Calif., is announced. 

Formerly with Space General 
Corp., Bradford also served as re­
search group supervisor and project 

88 

nations. As an indication of how 
swiftly technology has advanced, 
Perkin commented that while less 
than a year ago the company con­
sidered optics for lasers that had 
a surface flatness within l/50th of 
a wave of light as an achievement 
in precision, "now, only months 
later, we are producing optics with 
a surface that is flat within 1/200th 
of a wave." 

Occupied by the company's Elec­
tro-Optical division, the new center 
will be used for the development of 
advanced precision optics and elec­
tronic-optical systems. Major de­
velopment areas will include space 
astronomy, optical masers, recon­
naissance and metrology for appli­
cations in U. S. space and national 
security programs. 

manager at the Jet Propulsion 
Laboratory of CIT and as consult­
ant to the Electromechanical Lab­
oratories division of White Sands 
Proving Ground. 

LFE, Inc. Announces 
Corporate Changes 

TWO major corporate organization 
changes have been announced by 
LFE, Inc., Boston, Mass., involving 
the naming of new presidents for 
LFE Electronics and Tracerlab di­
visions. 

Richard K. Mosher, former vice 
president, Systems division, LFE 
Electronics, has been appointed 
president of LFE Electronics. 

Richard C. Sorensen, former di­
rector of manufacturing for LFE 

Electronics, has been named presi­
dent of Tracerlab, a division of 
LFE, Inc., and of the Keleket 
X-Ray Corp., LFE's wholly-owned 
subsidiary. 

Monitor Systems Inc. 
Elects Two V-P's 

LUIS A. FERNANDEZ-RIVAS has been 
elected vice president of engineer­
ing and William S. Rumpf, vice 
president for manufacturing at 
Monitor Systems Inc., Fort Wash­
ington, Pa. 

Rivas was formerly chief engi­
neer and technical director, and 
Rumpf, manager of production en­
gineering for MSI. 

N. W. Aram Moves Up 
At Zenith Radio 

NATHAN w. ARAM has been ap­
pointed vice president-chief engi­
neer by the board of directors of 
Zenith Radio Corp., Chicago, Ill. 

Aram has been assistant vice 
president and chief engineer since 
1958. 

Leesona Moos 
Names Senett 

FORMATION of a new advanced tech­
nology group to probe well beyond 
the state-of-the-art and advance 
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Immediate delivery on Now I 
Cubic Digital Voltmeters I 
Now you can be using your new Cubic Digital Voltmeters and accessories during the period when 
you would be waiting for delivery on many other brands. You can get immediate delivery right off 
the shelf on virtually all Cubic instruments. And when you specify Cubic, you can be sure you are 
getting instruments that offer you the most in accuracy, dependability, long life and reasonable 
prices. Here are the Cubic instruments available for immediate delivery: 

V-45 DIGITAL VOLTMETER - Laboratory accuracy at low cost. $940. 

V-46 DIGITAL VOLTMETER - V-45 with au tomatic ranging and polar­
ity. Price $ll90. 

V-70 DIGITAL VOLTMETER - Long life reed relays. Price $1580. 

V-71 DIGITAL VOLTMETER - V-70 with automatic ranging and polar­
ity. Price $2200. 

V-41 DIGITAL VOLTMETER - Meeting highest standards of sensitivity 
and accuracy. Four digit . Price $1200. Uses Control Unit C-1. 
Priced at $1400. 

V-51 DIGITAL VOLTMETER - Five digit version of V-41. Price $1700. 
Uses Control Unit C-1. $1400. 

S-71 DATA SYSTEM - Monitors 100 channels. Visual and printed 
readout. Automatic ranging and polarity. Price $5270. 
AC-45 A·C CONVERTER - Use with any voltmeter to read AC. $590. 

AC-2 A·C CONVERTER - Use with V-51 Voltmeter to read AC. $1200. 

F or more details, write 
to Dept. A-1 42, Cubic 
Corp., San Diego 11, 
Calif., or Cubic Eu­
ropa S.p .A., Via Arch­
imede 181, Rome, Italy. 

cubic 
CORPORATION 

INDUSTRIAL DIVISION 
SAN DllEOO 11. CAL..lfE'ORNIA •ROMIE . ITAL.Y 

OTHER OFFICES AND REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES 
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Big book for buyers • 
ID electronics 

... and /01· sellers, too. Whether you want to buy or sell in the electronics 
industry, chances are that information in electronics Buyers' Guide and 
Reference Issue will help you do it better, more easily, more efficiently, or 
more profitably. 
EBG puts key facts at your fingertips, by: Indexing more than 4,700 
manufacturers; Listing all up-to-date products, components, materials, 
services; Giving you company statistics, such as dollar volume of business, 
number of employees, number of engineers; Giving you the name of the 
actual man in each company to call for prices, delivery dates, specifications, 
etc. 
Complete information like th is puts EBG away ahead in t he electronic 
catalog league. It pays you to know and use the EBG. 

90 

electronics BUYERS' GUIDE and Reference Issue 

:-: The Basic Buying Guide in Electronics 4Uu:e 191/.f 
~ •• ,o~·· 

basic disciplines in various fields of 
scientific endeavor has been an­
nounced by Leesona Moos Labora­
tories, Jamaica, N. Y. 

Named as director of advanced 
technology is William P. Senett, 
formerly principal scientist with 
the Electronics division of General 
Dynamics. 

Varian Associates 
Elects Malter V-P 

LOUIS MALTER has been elected a 
vice president of Varian Associates, 
Palo Alto, Calif., and will report di­
rectly to Varian's president H. Myrl 
Stearns. 

Malter, who currently heads the 
company's Vacuum Products divi­
sion, came to Varian in 1958 as di­
rector of research. 

Research-Cottrell 
Promotes Willison 

RALPH E. WILLISON has been named 
manager-engineering and develop­
ment of the new Electronics divi­
sion of Research-Cottrell, Inc., 
Bound Brook, N. J. He was for­
merly the company's chief electri­
cal engineer. 

The Electronics division has been 
formed to design and manufacture 
custom high-voltage, high energy 
power supplies, controls, and re­
lated equipment, for such applica-

electroni c s 



NEED AC-OPERATED 
MILITARY RELAYS? 

t • 

I 
I 

Rectifier circuits ••• full-wave bridge 
and half-wave ••• use highest quality 
miniature silicon diodes. Note potted 
construction. 

For reliable switching 
t "D" d H" . . ry 1amon 

Series RA and SA 
relays with a-c coils 

These relays for 400 cps and 60 cps 
operation are identical in size and 
weight to Hart's widely specified 
Series Rand S d-c relays and meet 
the same specifications*. They pro­
vide the same shock resistance (to 
50G), the same vibration resistance 
(to 20G-2000 cps), and the same 
performance under temperatures 
ranging from -65°C to + 125°C. 
Contact ratings from dry circuit to 
10 amps, 115 volts a-c resistive and 
30 volts d-c resistive. 

The "Diamond H" line includes 
hundreds of standard models and 
special variations are possible. Ask 
for literature and specification list. 

*Like the Rand S series, they meet the 
requirements of MIL·R·5757C. Models 
are also available to fill the require· 
ments of MIL·l-6181. 

<8>. 
THE HART 

MANUFACTURING COMPANY 
202 Bartholomew Avenue 

Hartford 2, Conn. 
Phone Jackson 5-3491 
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tions as radar, electron-beam proc­
essing, plasma and ion propulsion 
research, and missiles and space ve­
hicles. 

Sealectro Completes 
Plant Expansion 

SEALECTRO CORP., Mamaroneck, 
N. Y., manufacturer of a diversi­
fied line of military and industrial 
electronic equipment, has increased 
working space at its main plant 
from 15,000 to 20,000 sq ft. 

Sealectro has two other plants in 
Mamaroneck, and one in Great 
Britain. 

PEOPLE IN BRIEF 

Winsor Soule Jr. promoted to chief 
engineer, electronic products, for 
Marchant div. of Smith-Corona 
Marchant Inc. Richard M. White­
horn leaves Varian Associates to 
join RF Systems div. of Radiation 
at Stanford as chief engineer. 
Julius Leonhard, from Itek Lab­
oratories, to Page Communications 
Engineers, Inc., as R&D consult­
tant. John W. Scholz advances to 
production head for transistor 
products at Hughes Aircraft Co. 
semiconductor div. Frederick J. 
Milford moves up to asst. director 
of technical development for Bat­
telle Memorial Institute. Unidy­
namics ups Max E. Norman to 
manager of the St. Louis opera­
tions. William W. Seifert elevated 
at MIT to asst. dean of the school 
of engineering. Dr. Alfred N. 
Goldsmith, senior technical con­
sultant to RCA, elected an hon­
orary v-p. Joseph McManus, ex­
Chemonics Corp. and Hoffman 
Electronics, named chief engineer 
at Hopkins Engineering Co. Irving 
Koss, formerly with Motorola, Inc., 
appointed g-m of E. F. Johnson 
Co. George M. Ryan of Benson­
Lehner Corp. elected president, 
succeeding Bernard S. Benson, 
who advances to board chairman. 
Walter B. Helms, g-m of Giannini 
Controls Transducer div., elected 
v-p of the corporation. Charles W. 
Newhall Jr., previously with 
Flight Refueling, Inc., appointed 
asst. to the president of The Mar­
quardt Corp. Frederick L. Hed­
blom elevated to v-p/works man­
ager of Zenith Radio Corp. 

LAYOUT SHEETS 
TWICE AS FAST 

Here's a fast low cost method 
for laying out sheets and plates 
without individual use of squares, 
scribers, scales, punches and ham­
mers. New sliding secondary scales 
on the primary transverse and 
longitudinal scales permit direct 
reading of all locations whether 
dimensioned from material edges 
or from each other. 

Any bench mechanic can make 
layouts to ±.005" accuracy on the 
new Di-Aero Lokator Layout Ma­
chine-in half the time it takes by 
by hand . 

Permanent magnets hold the 
work sheet to the layout machine 
base under calibrated sliding scales. 
A sheet up to 18" x 24" x 1" can 
be handled in one layout. By re­
locating, sheets up to 36" wide 
by any length can be processed. 
Etched and plated satin finish steel 
scales read through magnifiers for 
maximum accuracy. Choose any of 
three models: calibrated in incre­
ments of 1/ 64" from 0 at base line 
on left side and bottom, 1/ 64" 
fromOatcenterofsheetand.OOl"from 
0 at base line on left side and bottom. 

Satin finish hard chrome plating 
for non-rust, non-glare surface on 
all parts-punch point hardened 
to 60-62 Rockwell C. Slides are 
precision ground to maintain par­
allel surfaces. All bearings are 
bronze, adjustable for wear and 
squareness. 

For complete details consult the yellow 
pages of your phone book under Ma­
chinery /Machine Tools for the name of 
your nearest Di-Aero distributor or use 
coupon below. 

• -------01-ACRO I 
I CORPORATION I 
1436 EIGHTH AVENUE LAKE CITY, MINN: I 
I Please send information on the following: I 
I O Dl·Acro Lokator 

layout Machine 

I D Press Brakes 

0 Punch Presses I 
0 Punches and Dies I 

I Name I 
I Address I 
I City State I , ____________ , 
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EMPLOYMENT bPPORTUNITIES 

electronics 
WEEKLY QUALIFICATION FORM 

FOR POSITIONS·AVAILABLE 

~ 

ATTENTION: COMPANY SEE PAGE KEY # 

ENGINEERS, SCIENTISTS, PHYSICISTS 
This Qualification Form is designed to help you advance in the elec· 
Ironies industry. It is unique and compact. Designed with the assistance 
of professional personnel management, it isolates specific experience 
in electronics and deals only in essential background information . 

The advertisers listed here are seeking professional experience. Fill in 
the Qualification Form below. 

STRICTLY CONFIDENTIAL 

Your Qualification form will be handled as "Strictly Confidential" by 
ELECTRONICS. Our processing system is such that your form will be 
forwarded within 24 hours to the proper executives in the companies 
you select. You will be contacted at your home by the interested 

companies. 

WHAT TO DO 

1. Review the positions in the advertisements. 
2. Select those for which you qualify. 
3. Notice the key numbers. 
4. Circle the corresponding key number below the Qualification Form. 
5 . Fill out the form completely. Please print clearly. 
6. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, 

AMERICAN ENKA CORP. 
Enka, North Carolina 

ATOMIC PERSONNEL INC. 
Philadelphia, Pennsylvania 

BOEING COMPANY 
Seattle, Washington 

BRISTOL COMPANY 
Waterbury, Connecticut 

DELCO RADIO 
Div . of General Motors Corp. 
Kokomo, Indiana 

GENERAL ELECTRIC CO. 
Defense Systems Dept . 
Syracuse, New York 

INTERNATIONAL BUSINESS MACHINES CORP. 
Space Guidance Center 
Owego, New York 

LOCKHEED CALIFORNIA CO . 
Div. of Lockheed Aircraft Corp. 
Burbank, California 

MELPAR, INC. 
Sub . of Westinghouse Air Brake Co. 
Falls Church, Virginia 

MICROWAVE SERVICES INTERNATIONAL, 
INC. 

Denville, New Jersey 
MOTOROLA, I NC. 

Chicago, Illinois 
NORTHROP CORP. 

Norair Div. 
Hawthorne, California 

NORTHROP CORP. 
Space Laboratories 
Hawthorne, California 

PAN AMERICAN WORLD AIRWAYS INC . 
Guided Missiles Range Div . 
Patrick AFB, Florida 

PHILCO WESTERN DEVELOPMENT LABS. 
Palo Alto , California 

Box 12, New York 36, N. Y. (No charge, of course). CONTINUED ON PAGE 94 
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·------------------------------------!cul here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE (cut here ) 

(Please print or type) 

Personal Background Education 

NAME . .... . ... . ....... •. ....... . ......•..........•... 
HOME ADDRESS . ... . ....•..........................• . .. 

COFESSIONAL DEGREE($) ................•..•.•••.••••••. . 
MAJOR(S) ... .... ..... . .•........•......•••...•...••. .. 
UNIVERSITY .... . ...... . •..... . .........• . . . .....• .•. .. CITY ..... ................ ZONE . .. . .. STATE ........... . . 

HOME TELEPHONE ........•......... . ... . ................ DATE($) ... . .......... . .... . ....... · · · · · · · · · · · · · · • · • · · · 

FIELDS OF EXPERIENCE (Please Check) 61562 

0 Aerospace 

0Antennas 

0ASW 

Ocircults 

D Communlcatl .. s 

D Components 

Ocomputen 

0ECM 

D Electron Tu•es 

D Engineering Writing 

D Fire Control D Radar 

D Human Factors D Radi._TV 

D Infrared D Simulators 

D Instrumentation D Solid State 

D Medicine D Telemetry 

D Microwave D Transfor111ers 

D Navigation D Other ..••••••••••.• 

D Operations Research D ...........•..•.... 

Doptics D ........ .......... . 
D Packaging D ......... ......... . 

CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 

RESEARCH (pure, 
fundamental, •asic) 

RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Product) 
MANUFACTURlll• 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & Products) 

Ttchnlul Su,ervlsory 
h•trl1.c1 Ex•erluce 
(M1•th1) (MHth1) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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CAN ONLY BE UP 
At Sylvania Electronic Systems the opportunities are nothing less than outstanding. The work is exciting and 

the advantages of living but thirty minutes from San Francisco speak for themselves. Challenging positions 
are now available for engineers who want to join us today and be with us at our next stop tomorrow. 

SYSTEMS ENGINEERS for reconnaissance systems and subsystems, human factors engineering, operations 
research and system performance analyses. Five years' experience and background in communications or 
data processing systems. 

DESIGN ENGINEERS for all levels with back­
grounds in transmitting and receiv ing equipment, 
recording techniques, telemetry, antennas, DF 
and conversion equipment or computers. Oppor­
tunities are now available for both technical spe­
cialists and supervisors. 

SENIOR RELIABILITY ANALYSIS ENGINEERS 

for test design, effectiveness studies and sys­
tems analysis. BS in EE or Physics with knowl­
edge of calculus or probability. Four years' senior 
responsibility in associated programs. 

June 15, 1962 

Write in confidence to 

Roger Harlan 

SYLVANIA ELECTRONIC SYSTEMS • WEST 
Box #188 • Mountain View, California 
·An E qual Opportunity Employer 

7S 66 

93 



Electronics Englnee~ 

JOIN US IN GIVING A 

NEW 
DIRECTION 

TO AEROSPACE 
TECHNOLOGY 
Join staff conducting 9 new R&D contracts at Republic's 
Paul Moore Research & Development Center. Investigations 
involve instrumentation and antenna design for space craft and 
re-entry vehicles. Facilities in the Center's Electronics Laboratory 
include: anechoic chamber providing optimum reflectivity reduction; 
shielded room with electromagnetically clean environment; standards 
room with full complement of electronic standards instruments. 

ELECTRONIC INSTRUMENTA110N. BS, MS. Develop instrumentation for space vehicles. 
Knowledge of systems integration and telemetry highly desirable. 

AN1ENNA DESIGN. MS In Physics or EE. Design and development of antennas for 
re-entry vehicles. Knowledge of window effects and general re-entry 
radiation blackout problems. 

REPUBLIC 
AVIATION CORPORATION 

fARMINGOAL[, LONG ISLAND. NEW YORK 

An Equal Opportunity Employer 

5 UNIQUE POSITIONS 
Selected from our client organizations 

DIRECTOR OF ENGINEERING 
EE with strong systems or equip bkgd for 
antenna systems company. Sal to 25,000 

CHIEF RF ENGINEER 
Antennas or R F components. Sal to 15,000 

COMMUNICATIONS SYSTEMS 
#2 man in new grow group. Sal to 13,000 

STRESS ANALYSIS 
For excel antenna systems co . Sal to 15,000 

CIRCUIT DESIGN 
#2 man in rapidly growing commum & 
microwave company. Sal to 13,000 

Our fees, of course, are paid by client 
company. 

L. Bollag , BSEE, 

SEARCH ASSOCIATES 
300 Penn Sq. Bldg., Philo . 7, Pa. L0-3-7814 

r SCIENTISTS/ ENGINEERS 
Career opportunities in : 
•DESIGN e SALES 
•RESEARCH • MARl<ETING 
e DEVELOPMENT • APPLICATION 

Submit resume in confldence to: 
• Alan Glou ...... Techni cal / Scientiflc 
• Sid Hopner ..... Sales / Marketing 

Specialists in the personalized placement Of 
Electronic Engineers and Scientists. on a na­
tional basis. who have a BS or advanced de­
oree. Client companies assume fee and reloca­
tion costs. 

PROFESSIONAL PLACEMENT CENTER 
l 1277 MAIN ST. WALTHAM . MASS. _) 

'---------
94 

Wrifefo 
Mr. George R. Hickman 
Techn ica l Emoloymenf Manager, 
Dept. II F-3 

COMMUNICATIONS APPLICATION ENGINEER 
Analysis of advanced electronic communication sys . 
tern, including radio, carrier , telephone-, microwave : 

M u st have desig-n and mnrke t.tng f'X­
pe rl cncc with commer c-la l and mlli · 
lary lH1er l'I. 

F:E degree, 5 y r s. exp . min. 
Send Resum e t o: 

M icrowav• Services International Inc. 
Cot1tHtlfit1 f1 E11gin ecr s 

Route 46 Denville. N. J. 

POSITION VACANT 
Communications Engineer - To supervise 
t ec hnical as s istance to sc h oo ls participating 
in t h e Midwest Program on Airborne Tele­
vision In s truction. Desire grad uate Elec­
tronic or Electrical Engineer with experience 
in UHF TV recept ion or UHF a ir-gro und 
communications. Send resume a nd salary 
r equirements to De \V . Schatzel. Director of 
Engineering. MPATI. Memorial Center. Purdue 
University, Lafayette. Indiana. 

"Put Yourself in the Other 
Fellow's Place" 

TO EMPLOYERS 

TO EMPLOYEES 

Lett(>rs written olrerlng F.mplonnl'nt or avviying 
for same are \.l'ritten w ith the h ope or sntisf~dng 
!L current need. An answer. regardless or 
whether it ts fa\'orable or not, Is usua lly ex· 
pecrecl. 

MR . EMPLOYER won't "'OU remm·e the lllY.!-ltery 
about the statu s or an emvlo~·ee's application hy 
acknowledbring all npplicants and not just the 
promising can didate.!-l. 

Mr. EMPLOYEE you. too. can hf' ID by arknowl­
edgi ng a.1mUcatlons and job offers. This \\'OUld 
r ncout·ag(' more compani e~ to answer posit1on 
wanted ads in this sect ion. We make thl~ sug­
gestion in a spirit of helpful cooperation bC'tween 
emplo:rers a nd <>moloyees:. 

This section wiU be more useful to a.ll as a rf'snlt 
or this conslclNn t Ion. 

Classified Advertising Division 

McGraw-Hill Publishing Co., Inc. 
330 West 42nd St., New York 36, N . Y. 

electronics 
WEEKLY QUALIFICATIONS FORM 

FOR POSITIONS AVAILABLE 

(Continued from page 92) 

RAYTHEON COMPANY 
Equipment Division 
Waltham, Massachusetts 

REPUBLIC AVIATION CORPORATION 
Farmingdale, L. I., New York 

SCOPE PROFESSIONAL 
PLACEMENT CENTER 

Wa !tham, Massachusetts 

SEARCH ASSOCIATES 
Philadelphia, Pennsylvania 

SYLVANIA MOUNTAIN VIEW 
OPERATIONS 

Mountain View, California 

P-9063 

59 

94 

94 

94 

93 

92• 

16 

17 

18 

19 

20 

21 

"" These advertisements appeared in the 6 / 8 / 62 
issue . 

SEARCHLIGHT 
SECTION 

(Classified Adverrising) 

BUSINESS OPPORTUNITIES 

SPECIAL SERVICES 

FOR RESEARCH - DEVELOPMENT 
& EXPERIMENT Al WORK 

Over 10,000 different electronic parts: wave­
GUide. radar components and parts. test sets. 
pulsers. antennas, pulse xmfrs, magnetrons. 
IF and nulse ampliflers, dynamotors, 400 cycle 
xmfrs, 584 ant. pedestals, etc. 
PRICES AT A FRACTION OF ORIGINAL COST ! 

COMMUNICATIONS EQUIP CO. 
343 CANAL ST., N . Y . 13. WO 6-4045 

CHAS. ROSEN (Fomerly at 131 Liberty St.) 

CIRCLE 460 ON READER SERVICE CARD 

OUR BUSINESS 
IS CUTTING 

Manufacturers of small electrical 
or mechanical units, however intri­
cate, with high labor content will 
find our cost-cutting services in­
teresting. 

Our complete overseas facilities 
in Japan, Hong Kong, etc. , provide 
unlimited services by skilled work­
ers, under trained supervision, for 
the manufacture of complete units 
or sub-assemblies to your most 
rigid specifications. All transac­
tions held in strictest confidence. 

Submit sample or blueprint for 
firm quotation. Get the facts about 
our cost-cutting services - save 
dollars and build profits! 
OVER 25 YEARS EXPERIENCE IN ELECTRONICS 

INTERCONTINENTAL INDUSTRIES . INC. 
555 W Adams Street Chicago 6 Il l inois 

bt.1hlishr~ 1g3g 
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• 
• See advertisement in the July 20, 1961 issue 
of Electronics Buyers ' Guide for complete line of 
products or services. 

This Index and our Reader Service Numbers are pub­
lished as a service. Every precaution is taken to make 
them accurate. but ELECTRONICS assumes no 
responsibilities for errors or omissions. 

LOW COST 
HIGH PERFORMANCE 
SPECTRUM ANALYZER 

10mc-43kmc 
WITH 
ONE 
TUNING 
HEAD 

Model SPA-10 provides sensitive broad­
band spectrum analysis through Ka 
bond in a single, low cost, compact 
unit. With such outstanding features 
as high sensitivity, wide dispersion 
range, and adjustable selectivity the 
easy to use SPA-10 complements Pono­
ramic's unmatched array of widely 
accepted exceptionally reliable RF and 
microwave analyzers. Many SPA-10 
modular sections are derived from the 
highly regarded, ultra sensitive model 
SPA-4o. 

CHECK THESE FEATURES 
High sensitivity (see table be low). • Dispersion 
adjustable to 80 me. • Selectivity adjustable 
1-80 kc. • Calibrated dispersion marker with 
modulation provision to measure narrow band 
dispersions accurately. • Bright, easily read 5" 
CRT display with calibrared linear, 40 db log 
and power amplitude scales. • Single knob tun­
ing control with illuminated slide rule scale, 
accurate within 1 %. Crystal controlled 
± 0.01% markers (optional) check signal fre­
quency calibrations over entire SPA-10 range. • 
Single tuning head includes coaxial and wave­
puide input mixers, plus noise-free non· tontact-
1ng klystron cavity shorts. • Adjustable smooth­
ing filter simplifies noise analysis. 

FREQUENCY SENSITIVITY* 
10-640 me 

0.56 - 1.4 kmc 
1.0 - 2.24 kmc 
2.0 - 3.04 kmc 
2.9-6.0 kmc 
6.0 - 12.2 kmc 

12.1 - 24.4 kmc 
21.3 - 43.0 kmc 

- 95 lo - I 05 dbm 
- 87 to - 97 dbm 
- 79 lo - 89 dbm 
-71 to - 81 dbm 
-90 to- 100 dbm 
- 80 to - 95 dbm 
- 70 to - 85 dbm 
- 40 dbm nominal 

*2:1 deflection ratio-CW signal: noise : 50 ohm input 

For detailed information on 
models SPA-10 as well as SPA-4a, 
write-wire-phone 

~ 
~-

Panoramic 
~. electronics.inc. 

--Formerly Panoramic Radio Products, Inc. 
530 South Fulton Ave. Mt. Vernon, N. Y. 
(914) OWens 9-4600 TWX·MT-V·NY-5229 
Cables : Panoramic, Mt. Vernon, N. Y. State 
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IT'S READ MORE 
BY ALL 4! 

electronics magazine interprets elec­
tronics for electronics men every 
week. The latest components, eco­
nomic trends, military applications. 
Technical data you'll want to file and 
keep. Get the facts first with a per­
sonal s ubscription (don't be low man 
on. a routing slip). Mail the reader 
service card ( po s tpaid ) to 
electronics, the magazine that helps 
you to know and to grow! Rates : 
three years for $12, one year for $6; 
Canadian, one year for $10; foreign, 
one year for $20. Annual electronics 
BUYERS' GUIDE included with 
every subscription. 

subscribe today to 

electronic's 
96 
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Early klystrons delivered only 5 to 10 W across a relatively narrow bandwidth. Today's 
Sperry klystron family blankets the spectrum at outputs from mi II iwatts to megawatts. 

EXPERIENCE: how Sperry sets the pace in microwave tube competition 

invention that built a The 
$110 mi 11 ion-a-year industry 
This year is the 25th anniversary of the klystron. In 

1937 the klystron became a reality under the auspices 

of Sperry research . Since that time, new Sperry de­

valopments have constantly expanded the microwave 

tube family's usefulness. 

ELECTRONIC 
TUBE 

DIVISION 

SPERRY RAND CORPORATION 

GAINESVILLE, FLA . / GREAT NECK, N . Y. 
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New from RCA ... 
Developmental LONG-LEAD NUVISTORS 

for applications requiring solder-in components 
RCA is now developing a series of long-lead nuvistor types 
designed to be soldered directly into printed circuit boards 
... without sockets. This simplification can: 

• cut assembly cost and time 

• save space 

• eliminate the undesirable loading effects sometimes en-
countered with sockets in high-frequency applications. 

Nuvistors are a perfect choice for high-frequency solder-in 
applications because of their high reliability and long life. 
(Recent tests proved the reliability factor of RCA-7586 
nuvistors to be only 0.36% or less failures per thousand 
hours with a 9 5 % confidence level.) 

The table at right indicates the long-lead ['\ 
nuvistor types now in development. V 

Develop-
mental Commercial Developmental Long-Lead Nuvistors 

Number Prototype Description 

A-15212 RCA-7586 General-purpose industrial medium-mu triode 

A-2702 RCA-7587 General -purpose industrial sharp-cutoff tetrode 

A-15321 RCA-7895 Industrial high-mu triode 

A-15319 RCA-8056 Medium-mu triode for low B+ and HYBRID equip· 
ment applications 

A-15320 RCA-8058 Double-ended high-mu rf power amplifier tri ode 
for UHF applications 

A-15317 Triode for low-level Class C service 

A-15318 Double -ended triode for low-level Class C service 

Following types offer EXTRA low failure rates in early life periods , for applica-
tlons where the primary objective is high and reliable performance for periods 
up to JOO hours, e.g., sonobuoys , minibuoys, rocketsondes , weathersondes. 

A-2707 Tetrode for osci I lator-mu ltipl ier applicati ons 
through 100 Mc 

A-15307 Triode for oscillator-multiplier, and ampl ifier 
applications through 200 Mc 

A-15309 Triode for low B+ and HYBRID equipment appli· 
cations 

Still other nuvistor types are in early stages of development- including a nuvistor with a 13.5-volt heater for low B+ and HYBRID 
equipment applications in mobile communications. These long-l ead nuvistor types constitute another dramatic step forward in the 
rapidly expanding field of nuvistor receiving tube design . For details about specific types, talk with your RCA Field Representative. e. The Most Trusted Name in Electronics 

RCA ELECTRON TUBE DIVISION FIELD OFFICES ... EAST: 744 Broad 
Street , Newark 2, New Jersey, HUmboldt 5-3900 • MIDWEST: Suite 1154, 
Merchandise Mart Plaza, Chicago 54 , Illinoi s, WHitehall 4-2900 • WEST: 
6801 East Wash ington Boulevard, Los Angeles 22, California , RA ymond 
3-8361 ; 1838 El Cam ino Real, Burlingame, California , OXford 7·16W. 


