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Ranges: 
R: 0.05 mu to 1 M0 in 7 ranges (ac or dc) 
G: 0.05 nti to 10 in 7 ranges (ac or dc) 
C: 0.05 pf to 1000 pf in 7 ranges (series or parallel) 
L: 0.05 ph to 1000 h in 7 ranges (series or parallel) 
at 1 kc: 

Q series L): 0.5 to 50 
Q series R): 0 to 1.2 Inductive Q parallel G : 0 to 1.2 Capacitive 

D (series C): 0 to 1 D (parallel 1: 0.02 to 2 
Q parallel L : 1 to 

Write for Complete Information 

'U.S. Patent 2,872,639 

2 Universal Bridges 

for Precise Measurements with 
0.1% accuracy 

Type 1608-A Impedance Bridge ... $1175 

✓ Digital readout of C,R,L, and G with automatic decimal-
point location. Measures components having any D or Q. 

✓ Appropriate D and Q scales illuminated automatically ... no 
multiplying factors to remember. 

✓ Self-contained oscillator and selective null detector. Plug-in 
modular construction facilitates changing fixed frequency 
(1-kc unit supplied). Provision for external generator or 
detector. 

✓ Three internal dc supplies allow standard EIA voltages to be 
set over most of the resistance range. 

✓ Provision for applying external d-c bias to components under 
measurement. 

SPECIFICATIONS 
Accuracy (at 1 kc): .0.1% of reading .0.005% of full scale 
except on lowest R and L ranges and highest G and C ranges 
where it is .0.2% of reading .0.005% of full scale. D and 1/Q 
accuracy are .0.0005 .5% at 1 kc for L and C; .0.0005 .2% in 
Q for R and G. 

Residual Terminal Impedance: R z 1 mo, C z 0.25 pf, L z 
0.15 ph. 
Power Requirements: 105-125 or 210-250 volts, 50-60 cycles. 

for General-Purpose Measurements 

with 1% accuracy 

Type 1650-A Impedance Bridge... $460 

ef Wide Range — 0.001 Sr/ to 10 M12, 1 pf to 1000 pf, 1 ph to 
1000 h; 0.02 to 1000 for Q at 1 kc, 0.001 to 50 for D at 1 kc. 
Useful to 20 kc with external generator. 

✓ Patented ORTHONULL* feature eliminates "sliding bal-
ance" — enables easy measurement of low-Q inductors and 
high-D capacitors. 

✓ C, R, and L measurement accuracy within ±I% (±5% for 
D and Q); accuracy holds over all ranges — not reduced at 
range extremes. 

✓ Unique "flip-tilt" cabinet serves as adjustable stand and 
doubles as protective carrying case. 

✓ Panel controls designed for operator convenience — switch-
ing arrangement and panel engraving make bridge operation 
self-explanatory. 

✓ Battery operated and portable — completely self-contained; 
built-in transistorized 1-kc oscillator and null detector; single 
null indicating meter for both a-c and d-c measurements. 

GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 

General Radio 
(Overseas) 

Zurich, Switzerland 

NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA, 424-7419 WASHINGTON, D.C. SYRACUSE DALLAS, SAN FRANCISCO LOS ANGELES ORLANDO, FLA. 
Ridgefield, N. J., 943.3140 (Oak Park) 848-9400 Abington, 887.8486 (Rockville, Md.) 946-1600 454.9323 899.9065 (Los Altos) 948-8233 HO 9-6201 425-4671 

CIRCLE 900 ON READER SERVICE CARD 

IN CANADA 
(Toronto) 246-2171 
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CROSSTALK 

How Much Reliability? 

NOBODY CAN SERIOUSLY DISPUTE that we 
must have more reliable electronic equipment. 
The need is most critical in military equipment, 
where the fate of the nation may hang in the 
balance. Reliability is also important in the in-
dustrial and consumer fields, although here the 
cost of unreliability is usually measured in dol-
lars rather than lives. 
But sometimes the cure can be worse than 

the disease. In the present state of knowledge 
there are only two bullet-proof ways to insure 
reliability: use simple tried-and-true equipment, 
or thoroughly life-test newly developed gear. 
There is nothing more reliable than a scrub-
board, but what housewife would be content 
with that kind of reliability? The military could 
get a lot of reliability from a DC-3 and a Spring-
field rifle, but that kind of reliability can lose 
wars. 
We must have new equipment, especially elec-

tronic equipment, that constantly pushes the 
state of the art. Right now the answer with re-
spect to reliability is to run extensive life-tests 
on new equipment and components. This is ex-
pensive, both to the manufacturer and to the 
taxpayer. It also takes a lot of time; equipment 
may be obsolescent before the life-testing is 
finished. 

Is the answer to relax reliability requirements ? 
In some cases it may be. A piece of equipment 
must be sufficiently reliable so that enough units 
survive to do their job when the chips are down. 
The number that must survive is a problem 
that concerns military strategy and tactics 
rather than engineering. But we must rely on 
the military to be realistic in its demands and 
not ask for more reliability than is needed. Re-
liability is an expensive commodity. 
But sometimes a reliability spec must be high, 

and to handle these cases the engineer will have 
to come up with a better answer than life-test-
ing equipment until it becomes obsolete or until 
his employer goes bankrupt. 
Here are a few things engineers can do: 
• Get to know basic materials and manufactur-

ing processes better, to find out not just when 
equipment or parts will fail but why 
• Try to relate obvious anomalies, such as high 

noise or excessive debugging failures to subse-
quent failure on life-test 
• Take another long look at accelerated life-

CART (Central Automatic Reliability Tester) at Texas 
Instruments, Inc. life-tests 30,000 operating devices 

testing and see if valid relationships between 
stress-level and life can be established 
• Study use of modern mathematical methods, 

such as Markoff chains, to predict reliability 
from smaller samples, shorter tests. 

Finally, we can all work just a bit harder for 
reliability, from the research engineer to the 
girl on the production line. There are already a 
lot of good guidelines for more reliable design. 
We need a more general application of the 

original reliability specification: MIL-TFB-41— 
Make It Like The Foolish Blueprint For Once. 

COLLISION COURSE. No one can sit in an airplane 
today without occasionally wondering if another 
plane isn't just behind that mountainous cloud off 
to the left. No one visiting a busy control center 
can leave without increased admiration for the job 
the controllers do, nor without worrying about the 
equipment they do it with. 
FAA knows the nation's air traffic control system 

is rapidly becoming inadequate and has plans to 
carry the system through 1975. Implementing this 
plan will cost about $l billion. It will also strain the 
ingenuity of the electronics industry. 

Details of the plan and a review of existing and 
proposed control equipment will be reported by Senior 
Associate Editor Mason in three articles beginning 
next week. The first covers data processing, display 
and radar. The others will report on navigation aids, 
communications and meteorological networks. 
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Vila( DELIVERY 
FROM 

SPRAGUE 

THIS IS IS A 
ONE-WATT 

BLUE 
JACKET 

RESISTOR 
P. S. Big brothers available 

up to 11-watts power rating 

P. P. S. For complete data, 

write for 

Engineering Bulletin 7410 D 

Axial-lead Blue Jackets, available in 
ratings from 1 through 11 watts are spe-
cially designed for use with point-to-
point wiring or on printed boards in 
miniature electronic assemblies. 

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

SPRAGUE® 
THE MARK OF RELIABILITY 

COMMENT 

Engineer Shortage 
While your editorials in ELEC-

TRONICS are certainly well-written, 
I don't agree with your November 
2 editorial (p 3) on overcoming the 
"engineering shortage." 
Your analysis is superficial. It 

completely neglects the system of 
writing armament contracts that 
places a greater stake in the num-
ber of engineers on a Government 
job so that a multiplying factor of 
2 to 3 times the engineer's salary 
can be applied; against the order; 
to the quality and productivity of 
the engineer. Result: big, fat "EN-
GINEERING SHORTAGE"! 

SAM LEVINE 

Doylestown, Pennsylvania 

Further Logic 

Your letter from Mr. Powell with 
the 10-minute problem from Bell 
Labs (p 4, Nov. 2) illustrates a 
symptom of much of our scientific 
and engineering thought, namely, 
the tendency to rely on cumbersome 
general approaches rather than to 
pick out what meaningful informa-
tion is readily available, deduce the 
consequences and go on until we 
come to the end. In this way many 
problems can be unravelled, that 
could not be crushed. 
To restate the problem, find the 

digits in the addition, given that 
D = 5 

donald 5 ona/ 5 

geraldor+geral5 

robert rober0 

Mr. Powell was led down the 
garden path because he did not 
know whether or not a carry should 
be applied to each column (except 
the next to last), and spent much 
time formulating this uncertainty 
in completely general terms. 
However, take the first column. 

It is apparent that r is 6, 7, 8 or 9, 
because g must be at least 1 (0 is 
taken), and also, g is 1, 2, 3 or 4, 
because r can be no more than 9. 
This is quite a bit of information. 
Should there be a carry from the 
second column? Let's see now. 

If o + e = o, then e is zero, but 
this is wrong since zero is already 
taken. Therefore there must be a 

carry from column 3, and n + r + 
(1 maybe) = b 10. 

If o + e -I- 1 = o, then e is zero, 
which is impossible. Thus o + e ± 
1 = o ± 10, and, aha, e = 9, no 
matter what o is, and we must carry 
1 into the first column. 
Now we have 6 + g = r, and r 

can only be 7 or 8 (9 is taken). 
Which? Let's see now, where else 
does r appear? Column 3 says n + 
r + (1 maybe) = 10 + b. No help 
here. In column 5, we have a carry 
(5 + 5 = 10, in column 6) so, aha, 
2/ + 1 = r + (10 maybe). So r is 
odd. Therefore r = 7, and g = 1. 
Now the problem looks like this: 

5onal5 

1 9 7 a 1 5 

7 o b 9 7 0 

Now let's see, in column 2, o can 
be anything, no help. In column 3, 
n + 7 + (1 maybe) = 10 + b, and 
since b must be at least 2 (1 is 
taken), n must be 4, 6 or 8, but we 
can't tell which yet. How about 
column 4? Siiice a + a can't equal 
9, an odd number, there must be a 
carry from column 5 and, aha, 2/ -F 
1 = 17, since there is a carry from 
column 6, and 1 = 8. Immediately, 
2a + 1 = 9 or 19, but if 19, a = 9, 
which is taken, so a = 4. 
From this, n = 6, 6 + 7 = b 

10, b = 3 and o = 2, the only digit 

left. 
STUART T. MARTIN 
President 

WCAX-TV 
Mt. Mansfield Television, Inc. 
Burlington, Vermont 

Wide, Not High 

Much as we appreciate the pub-
licity you gave us in the issue on 
Electronics In Canada (p 37, Sept. 
28), I must point out that your 
statement regarding our speaker 
system was incorrect. 
The main feature of this system 

is that it is the first full range 
modular electrostatic on the mar-
ket; many other electrostatics re-
produce high frequencies, but none 
the full range from a given number 
of identical transducers. 

J. M. W ALKER 

Sigma Technical Associates Ltd. 
City of Jacques Cartier, Quebec 

We said "reproduces high-fre-
quency audio signals." We should 
have said "reproduces wide-fre-
quency audio signals." 

CIRCLE 4 ON READER SERVICE CARD 
electronics 



MR. RELAY by Allied Control 

Z•5 

• I'D LIKE YOU TO MEET S, THE ONLY e HIS CONTACTS ARE BIFURCATED 
RELAY FOR SANDWICH CIRCUIT 80A ROS. TO INSURE DRY CIRCUIT RELIABILITY 
HE'S WELDED ALL THE WAY AND LESS °OUNCE TOO. 
AND CONTAMINATION-FREE. 

o SEE, S IS ONLY HALF THE SIZE 
OF A CRYSTAL CAN RELAY 

AND INTERCHANGEABLE 
... IN EVERY WAY 

o AND S IS REALLY 
A CHAMP WITH HIS 

PERMANENT MAGNET 
DESIGN. 

There's more news worth noting about Allied's new S relay. 
Flux contamination, for example, is a thing of the past. We use 
the latest heliarc welding techniques to seal the S relay within 
an inert atmosphere. Since there's no bobbin (the coil is wound 
dir(etiy on the magnetic core), Allied eliminates possible 
contamination here, too. And talk about immunity to shock 
and vibration! S is really rugged with its balanced rotary 
action armature. All S relays are calibrated for contact over-
travel of the energized contacts during production, so they 

stay and stay on the job. Want complete ap-
plication data? Write for Catalog Sheet S 
or call your nearest Allied representative. 

C1962 BY ALLIED CONTROL COMPANY 

LOOK POP, 
NO RETURN 
SPRINGS. 

OPERATING CONDITIONS 

Contact Rating: 
(at nominal coil voltage) 

2 amperes resistive at 29 volts d-c 
Low level contacts available 

Contact Arrangement: Two pole double throw 

Shock: 50g operational 

Vibration: 5 to 55 cps at 0.125 inch D. A. 
55 to 2000 cps at a constant 20g 

Operate 8. Release Time: 
(at +25°C) 

4 milliseconds maximum at nomi-
nal coil voltage 

Terminals: Plug-in, printed circuit, hook type 
solder terminals and 3 inch leads 

Weight: 0.3 ounce maximum 

ALLIED CONTROL COMPANY, 
2 EAST END AVENUE, NEW YORK 21, N. Y. 

INC. 
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Enna has the tubes 

STEAM 
zINSULATOR 
TUBE 

VAPOR-PHASE COOLING? 

SCHEMATIC OF TYPICAL EIMAC MULTI-TUBE VAPOR COOLING INSTALLATION 

PRESSURE 
RELIEF VALVE 

ADAPTER-

WATER 
INLET 
INSULATOR 

MODULATOR 

WATER 

R F AMPLIFIER 

CONDENSER 
STEAM AIR OR 
STEAM WATER 

LEVEL 

and all the components. 

RESERVOIR 

CONTROL 
BOX 

SOLENOID 

EIMAC VAPOR-PHASE COOLING TUBES AND COMPONENTS Vapor-Phase Cooling Components* 

Tube T Type Typical Operation 
Anode 

Dissipation 
Socket Boiler Control Box Adaptor 

4CV8000A Tetrode Class AB1 Power Output 10 Kw per tube 8 Kw SK1400 BRIO° CB101 AD100 

4CV20,000A Tetrode 
Class AB) Power Output 17 Kw per tube 
Class C, CW Power Output 17.5 Kw 

20 Kw SK300A BR200 CB200 AD200 

3CV30,000A Triode 
Industrial Heater Service; Power Output, 30 Kw 
Plate-Modulated AM Serv.; Power Output 17 Kw Carrier 

30 Kw SK1300 BR200 CB200 AD200 

4CV35,000A Tetrode 
Class ABi Power Output 30 Kw per tube 
Class C CW Power Output 40 Kw 

35 Kw SK300A BR200 CB200 AD200 

4CV100,000C Tetrode 
Class AB; Power Output 130 Kw per tube 
Plate-Modulated AM Power Output, 135 Kw Carrier 
Class C Power Gain, 100 Times 

100 Kw SK1500 BR300 CB200 AD300 

Each tube in a system requires a socket, boiler, steam Pyrex tubing, water return Pyrex; Condensers of appropriate Kw rating and thermo-activated 
vent available. Reservoir and Solenoid valve optional. 

Write for complete applications bulletin, Eitel-McCullough, Inc., San Carlos, California 
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ELECTRONICS NEWSLETTER 

Superconductor Maser Has Low Pump Frequency 

MILLIMETER-WAVE MASER newly developed by Westinghouse 
Electric for the Air Force gets its applied field from a lightweight 

superconducting magnet and operates with a pump frequency con-
siderably lower than the signal frequency. 
Once the magnet is started up, by 

a 12-v battery, the power can be dis-
connected and the magnet will con-
tinue to supply the field in a persist-
ent-current mode. Field strength is 
8,000 gauss. 

Westinghouse says that a conven-
tional electromagnet with an equiv-
alent field would weigh 1,200 
pounds and require continuous in-
put of 3 Kw. 
The maser operates at 96 Gc. 

Pump frequency is 65 Ge. The de-
sign incorporates a low-frequency, 
five-level pumping technique. Gains 
of more than 10 db have been 
achieved at noise levels near 2 db, 
the company reports. The maser 
can be tuned by varying the field 
value. 

Both the magnet, made of nio-
bium-zirconium wire, and the 
iron-doped titanium-oxide (rutile) 
maser operate at liquid-helium tem-
perature (4.2 K). 

Organic Lasers May Go 
From R-F to Ultraviolet 

LOS ANGELES—Hughes Aircraft is 
investigating the possibility of liq-
uid lasers with emissions at 
submillimeter and ultraviolet wave-
lengths. So far, laser action at near-
infrared through far-infrared has 
been achieved with benzene, nitro-
benzene, deuterated benzene, tolu-
ene, bromonaphthalene, cyclohexane 
and pyridine. No limit is seen to 
the number of liquids that can be 
lased. 
Company scientists have been 

working with a pulsed reflector 
using a 1 by 3-inch pink ruby as the 
pulse source. The liquid is in ordi-
nary glass absorption cells. Lasing 
results from a process known as 
two-quantum stimulated Raman 
scattering, rather than the single-
quantum induced fluorescence of 
earlier lasers. An atom simultane-
ously absorbs and emits a single 
quantum instead of just emitting a 

single quantum of light. 
The phenomenon was first ob-

served in a nitrobenzene-filled Kerr 
cell. Stimulated emission at 7,670 
angstroms accompanied the usual 
6,943 emission, and its energy was 
about that of the latter. Beam 
collimation at both wavelengths was 
about 6 milliradians. 

Computer Data Dialing 
System is Tried Out 

BOSTON—Potentials for data com-
munications in business were indi-
cated this week by the linkup of a 
computer to Western Union's Telex 
dial telegraph network. 

In a demonstration by Honey-
well's Electronic Data Processing 
division, dialed Telex signals con-
trolled and communicated with lab 
model of a Honeywell 400 located 
in nearby Newton. 
The program is now experimen-

tal. But possibilities are seen for 
such commercial applications as 
dialing to get information from a 
central sales file in a computer. 

Japan Extending Radio 
Quotas Until Mid-1963 

ToxIto—Japan Machinery Export 
Association said last week that the 
quota system for transistor radio 
exports to the U. S. would continue 
to mid-1963, subject to approval by 

the Ministry of International Trade 
and Industry. Quotas were to ex-
pire December 31. 
MITI reportedly favors maintain-

ing the quota system. The quota 
for the additional six months is ex-
pected either to level off or increase 
by 10 percent over the estimated 
1962 exports of 7 million radios. 

Telstar's Communications 
Command Circuit Fails 

TELSTAR'S communications command 
circuit has failed, Bell Telephone 
Laboratories reported this week. 
The cause, and whether the failure 
is permanent, had still not been de-
termined. The satellite's communi-
cations system itself is apparently 
still operable, but it cannot be 
turned on or off. Telemetry is still 
functioning. 

Bell Labs says that it had com-
pleted all of its scheduled experi-
ments during the past four months. 
The communications system had 
been made available recently to 
other companies for demonstra-
tions, such as the recent round of 
computer data transmission tests. 

Mulitifont Reader Sees 
Letters as Dot Patterns 

hIULTIFONT PRINT READER has been 
developed by IBM as a research tool 
to study and generalize methods of 
print recognition. 
The programmable system can 

recognize in real time a variety of 
alphabets and type styles, including, 
for example, the Russian Cyrillic 
alphabet. Input characters are de-
scribed by a relatively small num-
ber of measurements that are 
essentially independent spatial con-
figurations of black and white 

Opposition Expected to $1.52 Minimum Wage 
ELECTRONIC INDUSTRIES ASSOCIATION committee was to meet this 
week in San Francisco to consider the U. S. Labor Department's 
proposal to set a $1.52 minimum wage for the electronic equip-
ment industry under the Walsh-Healey Act (p 10, Nov. 23). 

Leonard Kane, of Raytheon, chairman of the EIA committee, 
said prior to the meeting that there is every reason to believe the 
electronics industry will file a statement of exceptions to the 
ruling. At the September hearings, EIA urged a $1.40 minimum 
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points. The measurements are com-
pared to a stored reference for iden-
tification. 

Plug-in adjustments and pro-
gramming changes can insert dif-
ferent recognition logics. The logic 
is such that the reader can identify 
fonts which were not considered in 
preparing the reference sets. 

All-Purpose Aircraft 
Work Gets Underway 

FORT WORTH—Development contract 
for TFX, a supersonic jet fighter-
bomber to be used by both the Air 
Force and Navy, has been awarded 
General Dynamics-Ft. Worth and 
Grumman Corp. of Bethpage, N. Y. 
The $750-million order calls for 

22 test models. Production contract, 
expected after delivery of test mod-
els within the next two and one-
half years, could run over $5 billion. 

Design requirements call for a 
craft that can fly at 1,650 mph, and 
at supersonic speed at sea level, can 
be launched and recovered by air-
craft carriers, and use conventional 
or nuclear weapons against ground 
and air targets. 

Central America Seeks 
Integrated Communications 

INTEGRATED TELECOMMUNICATIONS 

system for Central America will 
be blueprinted by a year-long study 
beginning next month under United 
Nations sponsorship. 

Five and 10-year programs will 
be developed for El Salvador, 
Guatemala, Honduras, Nicaragua 
and Panama, signers of agreements 
with the World Bank, and for Costa 
Rica, expected to sign soon. 
A regional study will also be 

made. The UN pointed out that 

the systems in the six countries 
require expansion and moderniza-
tion and are of different types. This, 
said the UN, offers an opportunity 
for regional integration as well as 
local improvements. 

Cost of $770,000, including $75,-
200 from the six countries, will be 
paid by the UN Special Fund. Ex-
perts from the French Ministry of 
Posts and Telecommunications will 
make the study. 

Military Information 
Systems Need Debated 

INFORMATION SCIENTISTS met in Hot 
Springs, Va., last week to hammer 
out guidelines for future develop-
ment of automated military infor-
mation systems. Among key ques-
tions being debated were how auto-
mated such systems can be, and 
how much of the command decision 
load can be shared by systems. 
Brockway McMillan, Air Force 

assistant secretary, warned against 
bringing over-automation into mili-
tary decisions. 

Topics at the First Congress on 
the Information System Sciences 
included new communication and 
control theories, biological models 
for command automata, joint man-
computer decision processes, self-
organizing and self-adaptive sys-
tems. The congress was sponsored 
by the Air Force and Mitre Corp. 

Radars Double Up 
30-Mw Transmitters 

TWO DUAL-FREQUENCY pencil-beam 
radar systems will be installed next 
year at White Sands Missile Range 
by Ling-Temco-Vought. Both will 
have two 30-Mw transmitters and 
will operate with dual polarization 
as well as dual frequency. Pulse-
forming lines will be triggered by 
ignitrons. One system will have a 
30-foot parabolic antenna and the 
other an 84-footer. The Air Force 
contract can exceed $40 million. 

Space Tv Designers Get 
Versatile Scan Converter 

NASA HAS ORDERED development of 
a scan converter that can handle 
incoming tv signals varying from 
5 to 25 frames a second and from 
100 to 525 lines a frame. 

It will be used to evaluate dis-
plays at standard tv broadcast rates, 
as an aid in designing slow-scan 
tv systems for spacecraft. 

Image Instruments will develop 
the converter under a $71,000 con-
tract. The company says it will use 
three crt charge-storage tubes in a 
time-sharing fashion. This is ex-
pected to eliminate flicker and 
smear in the tv display. 

In Brief . . . 

ALL-CHANNEL TV standards 
posed by the industry last 
mer (p 8, Sept. 14) have 
approved by FCC. 

pro-
sum-
been 

DEFENSE DEPARTMENT has released 
another $50 million for develop-
ment of radar and other RS-70 
aircraft equipment. Congress had 
voted an extra $200 million. 

GE WILL SELL research samples of 
gallium-arsenide diode lasers for 
$1,300 each, 10 times cost on di-
odes with noncoherent emission. 

NEMA ESTIMATES that total sales of 
the electrical industry will hit 
$25 billion in 1962 and 1963. 
R&D is estimated at $2 1., billion 
for 1962. E. R. Perry was re-
elected president of NEMA at its 
annual meeting. 

VENUS-BOUND MARINER has broken 
Pioneer 5's communication's dis-
tance record of 18 million miles. 

LITTON INDUSTRIES plans to buy 
Emertron, a subsidiary of Emer-
son Radio. 

CORNING GLASS has purchased a 
substantial interest in Signetics 
Corp., manufacturer of integrated 
circuits. 

PACKARD INSTRUMENT will develop 
two gamma-ray detectors for 
lunar spacecraft. The units will 
measure gamma-emitting ele-
ments on the surface of the moon. 

SPERRY won radar contracts from 
the Air Force totaling $4 million. 
Major portion is for production 
of APN-59 radars, spare parts 
and ground support equipment. 

UNITED CONTROL will supply tem-
perature control units for Min-
uteman's guidance compartment 
cooling system, to be used while 
the missile is stored in its un-

derground launch silo. 

HALLICRAFTERS received an Air 
Force contract for airborne and 
ground electronic equipment that 
is expected to top $10 million. 
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How Important is Experience? 
When you select a microwave spectrum analyzer, remember that Polarad is the pioneer. 
In fact, we have had more experience in designing, building, and helping engineers apply 

microwave spectrum analyzers than all of our competitors combined . . . several times 
more. We wrote the only textbook in the field — in its fifth printing now. (Write for one 
— it's free.) 

So What? Why should it matter to you that we have the most experience? Does experience 
really count? We think it does. In fact, we believe it is the most important factor in your final 
decision. Let us tell you why. 

Every circuit in a Polarad spectrum analyzer 
is a second- or third-generation design. That 
means: 

•refinements that make it more precise and 
stable. 

• sophistications that make it more versa-
tile and useful. 

• revisions that make it more reliable and 
economical. 

•updating that assures state-of-the-art 
capability. 

On the other side of the coin is what experi-
ence spares you. You know the kind of thing 
we mean: 

• subtle surprises . . . the mixer, or other 
circuit that isn't there, just when you 
need it. (All Polarad Spectrum Analyzers 
are furnished complete.) 

• inconveniences . . . like the hard-to-read 

scale, the oversensitive control, or the 
awkward panel arrangement. 

• weak links . . . the causes of sudden fail-
ure right in the middle of an important 
test. 

Everyone is plagued by these things . . . and 

only experience —properly applied to the evo-

lution and elaboration of a design —ever elim-
inates all of them. 

To sum up, when you buy a Polarad spectrum 
analyzer, you benefit in two ways: you get the 
most instrument for your money; and you get 
the accumulated experience of thousands of 
engineers, in many hundreds of installations 

all over the world. No one else can offer you 
that much. 

Call your Polarad Field Engineer for positive 
proof. 

Newest in a Distinguished Family — 
the Model SA-84 WA 

Extended-Range Spectrum Analyzer 
Extended Frequency Range: 10 MC-63,680 MC in a single self-
contained instrument! Extended Dispersion Range: 25 KC to well 
over 80 MC (to 100 MC on special order!) Highest Sensitivity 
ever offered in this class of spectrum analyzer! 

Wide-Range Variable Resolution: 1 KC-80 KC! Many other fea-
tures: 0.01% Crystal-controlled markers over entire frequency 
range . . . log-linear display . . . (up to 36 dh calibrated log dis-
play) accurate IF attenuator . .. full 5" usable display. 

HAVE YOU MADE 
RESERVATIONS YET? 

Polarad's new "Project Mohammed" is now 
bringing the "Mountain" (our new Mobile 
Microwave Calibration Laboratory) to "Mo-
hammed" (your microwave instruments). Be 
sure to take advantage of this opportunity 
to have your gear checked — at your door-
step. Save weeks of delay and needless ex-
pense. Call your Polarad field engineer for 
details and schedules! 

Polarad Electronics Corporation 
World Leader in 

Microwave Instrumentation 
43-20H 34th Street 

Long Island City 1, New York 
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TOTAL 
COVERAGE 

in quality Îe 

SC PES 
Easy, fast, accurate measurements 

DC to 1000 MC 
OSCILLOSCOPE Description Features 

I 

I hr 185B 

High-speed sampling-type scope, dc to 1,000 MC, conven- 
tional convenience over entire range (3 db point beyond 
800 MC). Dual trace presentation with e 1878 plug-in. cep, 
186A Switching Time Tester available, 

High sensitivity, wide dynamic range, high impedance 
signal probes. Versatile signaling up to 1,000 MC. Rise 
time less than 0.5 nanosecond. X-Y recorder output; time, 
amplitude calibrators. Rack mount available. 

t. 

Af 175A 

Dual trace 50 MC universal scope. Horizontal and vertical 
plug-ins for dual trace to 40 MC; high gain, single chan- 
nel viewing, sweep delay, display scanning for X-Y output, 
time markers. Modular packaging for bench or rack mount. 

12 Kv post-accelerator CRT with 6 x 10 cm display with 
internal graticule, no front panel astigmatism control; 
beam finder; simplified circuitry, no distributed ampli-
fiers. 

(i, 1606,170A 

Militarized scopes, 1-f) 1608, dc to 15 MC; (% 170A, dc to 
30 MC. Plug-ins: dual trace, fast rise, high gain vertical 
amplifiers; marker generator, display scanner, sweep de- 
lay generator horizontal plug-ins. 

Designed to withstand shock, vibration, humidity, tern-
perature variations; beam finder; meet environmental 
requirements of MIL-E-16400. Rack mount available. 

(le 120B 
General purpose 450 KC scope. Human engineered front 
panel, simplified circuitry; no-parallax no-glare CRT; 
modular packaging for bench or rack mount. 

Beam finder, automatic triggering, amplifier calibrator. 

ee 122A, AR 
Dual trace 200 KC scopes. Twin vertical amplifiers for 
either dual or single trace viewing. Bench or rack models. 

Alternate, chopped presentation; differential input; auto-
matic sync; x 5 sweep expansion. 

q 130B, BR General purpose 300 KC scopes. 1 mv sensitivity. Sim- 
ilar vertical, horizontal amplifiers. Bench or rack models. 

Minimum controls, easy operation, balanced inputs, high 
sensitivity. 
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130B 

175A 

120B 

There's a dependable, accurate 

Hewlett-Packard oscilloscope for 

your every measuring task from 

de to 1,000 MC. In addition to 

conservative design and rugged 

construction, scopes offer such 
error-free operating features as 

human engineered front panels, 

beam finder and automatic preset 

triggering. 4È scopes are easy to 

use and easy to maintain. 

1859 

122AR 
130BR 

170A 

CRTs eliminate scope 
parallax error! 
Hewlett-Packard developed cath-

ode ray tubes, standard on ee, 

175A, 185B, and 120B Oscillo-

scopes and optional for other eÈ 

scopes, use an interal graticule 

to eliminate parallax error! The 

graticule is inside the CRT so that 

trace and graticule are in exactly 

the same plane. These CRTs also 

122A 

16013 

have the exclusive 9 no-glare, no-

reflection faces. Select the scope 

for your job and call or write to-

day for complete information. 

HEWLETT 
PACKARD 
COMPANY 
1501 Page Mill Road, Palo Alto, California, 

Area Code 415, DA 6-7000 
Sales and service representatives in all principal areas; 
Europe, Hewlett- Packard S. A., 54 54bis Route des 
Acacias, Geneva; Canada, Hewlett-Packard (Canada) 
Ltd., 8270 Mayrand Street, Montreal 7900 

Data subject to change without notice. Prices f o. b. factory. *Prices do not incude plug-ins. 

Vertical Sensitivity Horizontal Sweep Price, basic oscilloscope 

10 to 200 mv/cm, vernier to 4 mv/cm, with dual 
trace amplifier. 0.1 nsec/cm calibrated (0.04 nsec with vernier) to 

10 gsec/cm. $2,300.00* 

5 mv/cm with high gain amplifier plug-in; 0.05 
v/cm to 20 v/cm (50 v/cm with vernier) with 
dual trace amplifier. 

0.1 gsec/cm to 5 sec/cm, vernier to 12.5 sec/cm. x 10 
magnifier increases max. sweep speed to 10 nsec/cm. $1,325.00* 

5 mv/cm with high gain amplifier. 0.02 v/cm 
to 50 v/cm with dual trace am plifi er; 0.05 
v/cm to 50 v/cm with fast rise pream plifi er. 

0.02 ¡sec/cm with expander to 15 sec/cm with vernier. 1j. 160B, $1,850.00* 
170A, $2,150.00* 

10 mv/cm to 100 v/cm 
1 gsec/cm to 200 msec/cm, vernier to 0.5 sec/cm. $475.00 

10 mv/cm to 100 v/cm 1 gsec/cm with expander to 0.5 sec/cm with vernier. $ra6c7(.0m0o, ucnatbixti(eA1R2)2A) or 

1 mv/cm to 125 v/cm 0.2 ,sec/cm with expander to 12.5 sec/cm with 
vernier, 

$650.00, cabinet (l¡i 130B) or 
rack mount (p 130BR) 
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WASHINGTON OUTLOOK 

DEFENSE BILL 

GOING UP, 

NOT DOWN 

PENTAGON PUTS 

CLAMP ON 

COST-PLUS 

ENGINEERING 

INDUSTRY IS 

LUKEWARM TO 

INCENTIVES 

NEW MISSILE 

STILL IN AIR 

FOREIGN TRADE 

BARS FALLING 

INSTRUCTIONS TO CUT PROCUREMENT have been issued 
to all agencies by the White House, due to its commitment to cut 
taxes in the face of a mounting federal deficit. Even the Pentagon is 
involved. 

But defense spending will still rise at least $2 billion next year. 
Gossip that existing production schedules will be stretched out to defer 
payments to help ease the deficit is untrue, officials say. 
Economy moves are to affect only "marginal, postponable" projects 

(like administrative planes and vehicles, and replacement-type con-
struction), not "combat power." Some officials fear that more of a 
damper will be put on programs now facing stiff administration oppo-
sition, like Nike Zeus. The economy drive may also offset any budget 
boosts prompted by the Cuban crisis. 

APPLIED ENGINEERING CONTRACTS will be limited from 
now on by the Pentagon to fixed-price or incentive awards. Applied 
engineering covers advanced hardware development of systems or com-
ponents deemed technically feasible and approved for operational use. 
This year's budget provides over $3.5 billion for such projects. 
The new policy is part of the effort to restrict severely cost-plus 

fixed-fee awards. In the past year, the Pentagon has cut this type of 
contracting from 38 percent of total procurement to 33.2 percent. Fixed-
price incentive contracts are up from 9.7 to 12.5 percent éf total pro-
curement and cost-plus incentive contracts have risen from 2.7 to 3.5 
percent of total procurement. 

MANY PENTAGON OFFICIALS are dismayed by what they 
consider to be industry's lukewarm reception to the stress on incentive 
contracts. Says Joseph M. Imirie, Air Force assistant secretary for 
materiel: "It seems to be one thing (for industry) to decry low profit 
and government control. It seems to be quite another to leave the 
sanctuary of guaranteed fee and cost recovery." In cost-plus incentive 
contracts, the fee can range from minus a few percentage points to 
the legal limit of 15 percent, depending on the contractor's performance. 

MOBILE MID-RANGE BALLISTIC MISSILE'S future is still 
very much up in the air. But if it ever goes into full-bloom develop-
ment and production, Hughes Aircraft would be a key contractor. 
Hughes has been picked to finish preliminary design and cost studies 
on the project's "integration, assembly and checkout" phase. Hughes 
is still competing against a Martin-Sylvania team for MMRBM's com-
mand and control system. General Precision has a $185-million contract 
for guidance and control, the only phase approved beyond program 

definition. 

ADMINISTRATION IS MOVING FAST on its program to ease 
foreign trade restrictions. The new presidential representative for trade 
negotiations, ex-Secretary of State Herter, wants to scale back tariffs 
rapidly so that the European Common Market and the U.S. can eventu-
ally be brought together in a virtual merger. He decries trade restric-
tion efforts by "special interest industrial groups." 
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NEXT DOOR TO THE CAPITAL AND CAPITOL 
The more, the merrier. That's how Maryland feels 

about its many kinds of commerce and industry. 

30,000 separate businesses , . , nearly 3,500 indus-

trial establishments . . products and services so 

varied that the region's economy never depends on 

one or two. Result: stability that encourages sound 

planning, steady growth, prosperity. 

PUT YOUR PLANT IN 

Baltimore and its neighboring counties make just 

about everything . . . adding up to over 80% of the 

major industrial categories in the U.S. census of 

manufacturers. They're suppliers of what you need, 

buyers of what you sell. And this bustling world-port 

location is closest to the rich markets of the North-

east, South and Midwest. When you really want to 

think big, think BALTIMORE. 

ORE 
For confidential information, write Robert J. George, 
BALTIMORE GAS AND ELECTRIC COMPANY, Balti-
more 3, Maryland. Or call him at 301-539-8000. 
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LAND MOBILE RADIO Seeks End to 

EIA calls for more 
space, urges FCC to 
reevaluate allocations 

MOBILE RADIO USERS face a 
serious frequency congestion prob-
lem—a problem that will continue 
to grow unless the FCC does some-
thing about it, said an Electronic 
Industries Association spokesman 
during a recent visit to New York. 
EIA is petitioning FCC to reallo-

cate the frequencies now assigned 
to uhf-tv channels 14 and 15 (ELEC-
TRONICS, p 7, Oct. 12) to land mo-
bile services. This would be a move 
in the right direction, but overall 
spectrum-use reevaluation is the 
only long-range solution, said Wil-
liam Weisz, a Motorola vice-presi-
dent, who heads EIA's Land Mobile 
Communications Section. 
The problem, EIA feels, won't be 

solved by further technical sophis-
tication. Weisz said that no other 
service has gone as far as land mo-
bile in pushing the state of the art 
to get more users onto available 

channels. 
Weisz added that the demand for 

space is so rapidly exceeding the 
supply that unless FCC acts quickly 

FAST-GROWING SERVICE 
/n 1959, predictions were that land mobile radio services would have 1i 
million operational transmitters by the end of 1962, 2.4 million by 1967. 
EIA now figures there will be 1.7 million transmitters by the end of this 

year and that the number will climb to 5 million by 1977—if there are 

enough channels. 
In 1959, total bandwidth available for land mobile was 38 Mc. This pro-

vided 761 channels. Subsequent channel splitting expanded the possible 
number of channels to 1,376. 

If the EIA request for an increase in total bandwidth to 40.8 Me is 
granted, the number of possible split channels would increase to 2,576 

to ease the situation, land mobile 
will come to the end of the line. 

CHANNEL SPLITTING—During 
the past 20 years, land mobile users 

have split the original 120-Kc chan-
nels to 60 Kc, then 30 Kc and even 
to 15 Kc in some cases. 

This has cost land mobile service 
users millions of dollars in equip-
ment changeovers as well as sub-
stantially degraded service, Weisz 

said. 
He expects the situation to get 

worse. The number of users has 
far outstripped the number antici-
pated when allocations were origi-
nally made and is increasing more 
rapidly than had been predicted 
even a few years ago. 

Unlike public safety licensees, 
business users are promised no pro-

Light Beam Transmits Television Signals 

tection against interference by 
other users. A man who invests 
$500 and $800 per vehicle in radio 
equipment wants some assurance he 
can use it, Weisz pointed out. The 
businessman doesn't mind sharing a 
frequency with a few other users, 
but when he must share it with 20 
or 30 other companies, each with 
as many as 15 or more mobile units, 
communications becomes unreliable 
and hardly justifies the expense, 

Weisz said. 

EIA PETITION—There are sev-
eral reasons why EIA is now re-
questing reallocation of channels 14 
and 15. Among these are: There are 
now only a few stations in rural 
areas on these channels; these 
bands would provide immediate re-
lief to land mobile services in areas 

TV PICTURE AND AUDIO signals are transmitted over a light beam at Grundig Research Labs, Bonn, Germany. 
Kerr cells polarize and split light from a mercury lamp into two components, then modulate brightness of the beam's 
components. Signals are received by multiplier phototube. Prototype's bandwidth is 100 Mc. Grundig expects develop-
ment of commercial and space applications. Smaller photo shows modulator construction 
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NEXT DOOR TO THE CAPITAL AND CAPITOL 
The more, the merrier. That's how Maryland feels 

about its many kinds of commerce and industry. 

30,000 separate businesses , .. nearly 3,500 indus-

trial establishments . products and services so 

varied that the region's economy never depends on 

one or two. Result: stability that encourages sound 

planning, steady growth, prosperity. 

PUT YOUR PLANT IN 

Baltimore and its neighboring counties make just 

about everything . . . adding up to over 80% of the 

major industrial categories in the U.S. census of 

manufacturers. They're suppliers of what you need, 

buyers of what you sell. And this bustling world-port 

location is closest to the rich markets of the North-

east, South and Midwest. When you really want to 

think big, think BALTIMORE. 

ORE 
For confidential information, write Robert J. George, 
BALTIMORE GAS AND ELECTRIC COMPANY, Balti-
more 3, Maryland. Or call him at 301-539-8000. 
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Your program can be the next to benefit from the unprecedented 
dependability of General Electric High Reliability solid and foil 
Tantalytic capacitors- - products of a major breakthrough in capaci-
tor reliability. What made the High Reliability line possible? A 
completely separate management group, a separate white room 
facility, and constant testing of capacitor designs (250,000 unit 
test hours weekly); then, in-process computer control of unit manu-
facture to assure adherence to test results. Now, our unit failure 
rate goal of .001% per thousand hours on foil has been achieved. 
Foil ratings available from 10V (.25uf) through 150V (300uf), 85C or 
125C—solid ratings from 6V (.033uf) through 35V (120uf), all 85C. 
Join the seven programs which have already qualified these capacitors. 
Build General Electric High Reliability capacitor dependability 
into your present or future programs. See your G-E Sales Engineer, 
or write Section 430-09, General Electric Co., Schenectady 5, N.Y. 
Capacitor Department, Irmo, South Carolina. 
*Reg. Trade-mark of General Electric Company. 



OPERATES FULL CYCLE 
IN 375 

NANOSECONDS 

'11 

Utilizes New Microferrite Arrays 

For Superior Performance At Lower Cost 

RCA's new Microferrite 
memory system 
achieves ultra-high 
speed and high relia-
bility in a compact, 
plug-in package. This 
new RCA memory sys-
tem uses standard RCA 
Microferrite cores and 

advanced assembly techniques. Here are 
some of the outstanding advantages of 
this new, complete memory system: 

• Broad Application... Can be used for 
scratchpad or buffer memory applications 
...available in capacity ranges from 32 
to 1024 words, 1 to 72 bits. 

I• High Efficiency... At drive current levels 
below 350 ma the new RCA memory 
system delivers outputs to 50 mv per bit 
and has superior noise discrimination. 

Im Inherent Reliability and Ruggedness... 
Mechanized production techniques per-
mit more precise control of each fabrica-
tion step... produce a rugged, high-relia-

bility structure designed to meet military 
mechanical and environmental specifica-
tions. 

• Important Economy... Use of Microfer-
rite cores and mechanized production 
techniques keep Microferrite memory 
system prices lower than other systems of 
comparable speed. 

Immediate Adaptability... Standard com-
ponents and circuits used in the new RCA 
Microferrite Memory System make it 
compatible with existing systems. 

• Plug-in Design... Each stack, all associ-
ated circuitry and entire memory system 
are "plug-in-designed" for fast, easy in-
stallation—minimum down-time. 

Im Quick Delivery... RCA can deliver the 
standard Microferrite memory system in 
short delivery cycles. 

• Custom Systems... RCA Memory Spe-
cialists are ready now to custom design 
systems of 1/2  usec or less to meet your 
requirements. Whatever your require-
ments, custom or RCA standard, your 

THE MOST TRUSTED NAME IN ELECTRONICS 

local RCA Semiconductor and Materials 
Division Field Representative is prepared 
to provide a completely coordinated ap-
plication service for all RCA Computer 
Memory Products. Call him today at your 
nearby RCA Field Office. 

For technical information on new RCA 
Microferrite Memory Products and Systems, 
write RCA Semiconductor and Materials 
Division, Commercial Engineering, Section 
FN 11-5, Somerville, N. J. 
RCA SEMICONDUCTOR & MATERIALS DIVI-
SION FIELD OFFICES... EAST: Newark, N. J., 
744 Broad St., Ht) 5-3900 • (Camden-Philadelphia 
Area) ErIton, 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 e1, GA 4-4768 • EAST CENTRAL: 
Detroit 2, Mich., 714 New Center Bldg., TR 5-5600 
• CENTRAL: Chicago, Ill., Suite 1154, Merchan-
dise Mart Plaza, WH 4-2900 • Indianapolis 5, Ind., 
2132 East 52nd St., CL 1-1405 • Minneapolis 16, 
Minn., 5805 Excelsior Blvd., WE 9-0676 • Denver 
IL Colorado, Continental Terrace Bldg., Suite 301, 
2785 N. Speer Blvd., 477-1688 • WEST: Los An-
geles 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 • SOUTH-
WEST: Dallas 7, Texas, 7905 Carpenter Freeway, 
ME 1-9720 • GOV'T: Dayton, Ohio, 224 N. Wilkin-
son St., BA 6-2366 • Washington, D. C., 1725 "K" 
St., NW., FE 7-8500 • RCA INTERNATIONAL 
DIVISION, SO Rockefeller Plaza, New York 20, 
N. Y. Cable Address: RADIOINTER, N. Y. 
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MINUTEMAN 
A TRIGGERS 

PRODUCTION 
REVOLUTION 
In 1960, our decision to produce 10 sophisticated 
types of Minuteman semiconductors on a regular 
production basis, on established production lines, 
triggered the intensive Transitron Total Reliability 
Program. 
Because the production of these ultra-reliable 

devices — for North American Aviation's Autonetics 
Division — cut across the entire Transitron family 
of transistors, diodes, rectifiers and special prod-
ucts, the Program has resulted in a steep upgrading 
of the already high quality and reliability of every 
product we make. 
To meet Minuteman's uncompromising demands, 

the Program was carefully developed through two 
extensive phases. First, we created an entirely new 
philosophy of manufacture and testing. Then, we 
developed the unique equipment and procedures 
that fulfilled this philosophy. From initial lot control 
at crystal formation to final intensive life and en-
vironmental tests, we imposed rigid in-process con-
trols and checks upon ourselves. 
Today, every Transitron customer enjoys the bene-

fits of our extensive Total Reliability Program. 
Thorough product improvement documentation, 
continuous lot control, comprehensive failure analy-
sis and complete visibility of change assure you of 
unmatched quality and dependability whether you 
order one or 10,000 Transitron semiconductors. 
Today, more than ever before, wherever there's 

electronics — in medicine, industry, defense, busi-
ness, space exploration — there's Transitron, con-
tinuing to lead the way toward greater semiconduc-
tor reliability. 

For further information regarding the products 
and philosophy of Transitron's Total Reliability Pro-
gram, write our Wakefield installation.   

ra n iron 1952111962; 

electronic corporation 
wakefleld, melrose, boston. mass. 

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT 
THE U.S.A. AND EUROPE. CABLE ADDRESS: TRELCO CIRCLE 17 ON READER SERVICE CARD 



LAND MOBILE RADIO Seeks End to 

EIA calls for more 
space, urges FCC to 
reevaluate allocations 

MOBILE RADIO USERS face a 
serious frequency congestion prob-
lem—a problem that will continue 
to grow unless the FCC does some-
thing about it, said an Electronic 
Industries Association spokesman 
during a recent visit to New York. 
EIA is petitioning FCC to reallo-

cate the frequencies now assigned 
to uhf-tv channels 14 and 15 (ELEC-
TRONICS, p 7, Oct. 12) to land mo-
bile services. This would be a move 
in the right direction, but overall 
spectrum-use reevaluation is the 
only long-range solution, said Wil-
liam Weisz, a Motorola vice-presi-
dent, who heads ETA's Land Mobile 
Communications Section. 
The problem, EIA feels, won't be 

solved by further technical sophis-
tication. Weisz said that no other 
service has gone as far as land mo-
bile in pushing the state of the art 
to get more users onto available 
channels. 
Weisz added that the demand for 

space is so rapidly exceeding the 
supply that unless FCC acts quickly 

FAST-GROWING SERVICE 
In 1959, predictions were that land mobile radio services would have 
million operational transmitters by the end of 1962, 2.4 million by 1967. 
EIA now figures there will be 1.7 million transmitters by the end of this 

year and that the number will climb to 5 million by 1977—if there are 
enough channels. 

In 1959, total bandwidth available for land mobile was 38 Mc. This pro-
vided 761 channels. Subsequent channel splitting expanded the possible 
number of channels to 1,376. 

If the EIA request for an increase in total bandwidth to 40.8 Mc is 
granted, the number of possible split channels would increase to 2,576 

to ease the situation, land mobile 
will come to the end of the line. 

CHANNEL SPLITTING—During 
the past 20 years, land mobile users 
have split the original 120-Kc chan-
nels to 60 Kc, then 30 Kc and even 
to 15 Kc in some cases. 

This has cost land mobile service 
users millions of dollars in equip-
ment changeovers as well as sub-
stantially degraded service, Weisz 
said. 
He expects the situation to get 

worse. The number of users has 
far outstripped the number antici-
pated when allocations were origi-
nally made and is increasing more 
rapidly than had been predicted 
even a few years ago. 

Unlike public safety licensees, 
business users are promised no pro-

Light Beam Transmits Television Signals 

tection against interference by 
other users. A man who invests 
$500 and $800 per vehicle in radio 
equipment wants some assurance he 
can use it, Weisz pointed out. The 
businessman doesn't mind sharing a 
frequency with a few other users, 
but when he must share it with 20 
or 30 other companies, each with 
as many as 15 or more mobile units, 
communications becomes unreliable 
and hardly justifies the expense, 
Weisz said. 

EIA PETITION—There are sev-
eral reasons why EIA is now re-
questing reallocation of channels 14 
and 15. Among these are: There are 
now only a few stations in rural 
areas on these channels; these 
bands would provide immediate re-
lief to land mobile services in areas 

TV PICTURE AND AUDIO signals are transmitted over a light beam at Grundig Research Labs, Bonn, Germany. 
Kerr cells polarize and split light from a mercuey lamp into two components, then modulate brightness of the beam's 
components. Signals are received by multiplier phototube. Prototype's bandwidth is 100 Mc. Grundig expects develop-
ment of commercial and space applications. Smaller photo shows modulator construction 
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Frequency Squeeze 

of high population density; mobile 
equipment designed for use at 450 
to 470 Mc is readily adaptable to 
use at uhf-tv's lower frequencies. 
Weisz stressed that the realloca-

tion would have to be made soon, 
before the introduction of all-chan-
nel tv sets in 1964. 

BANDWIDTH NEEDS — Weisz 
said that EIA considers the mini-
mum space requirements of the land 
mobile services to be a total of 40.8 
Mc in three bands, instead of the 
total bandwidth of some 38 Mc now 
allocated. 

Here's how he adds up the 40.8 
Mc total: 
• 4.8 Mc at frequencies below 100 

Mc. These are considered best for 
rural or long-haul service. They 
have lower space attenuation, but 
are more susceptible to degradation 
by urban noise and interference. 
• 18 Mc at frequencies between 

100 and 300 Mc. These frequencies 
seem ideal for suburban use. In-

creased space attenuation is offset 
by reduced susceptibility to noise 
and increased tendency to reflect 
into difficult propagation areas. 
• 18 Mc at frequencies above 300 

Mc. These are well suited to urban 
use because they can penetrate 
buildings, are less susceptible to 
noise from neon signs, motors and 
other types of interference that 
bother lower frequencies. 

Why Aren't Sets Smaller? 
Microcircuits are 
available, but not 
outputs and display 

By LESLIE SOLOMON 
Associate Editor 

TORONTO — Consumer electronic 
products will have to wait for the 
development of microminiature dis-
play and output devices, and 
smaller, longer-lived portable power 
sources, before they can take full 
advantage of microelectronics. 

That was how a majority of a six-
man panel at the 1962 Radio Fall 
Meeting sized up the future role of 
microelectronics in consumer sets. 

SIZE LIMITERS—Such items as 
loudspeakers, batteries, tuning and 
volume control devices at present 
limit physical size of radio receiv-
ers and audio equipment, the panel-
ists agreed. In television sets, 
cathode-ray tubes, deflection trans-
formers, yokes and power supplies 
take up most space and weight. 
Even when miniature power con-

suming items are used, they pre-
sent a serious heat problem if too 

densely packed. Although miniature 
tv sets are on the market now, they 
do not use microelectronics but 
skillfully packaged printed circuits. 
One panelist thought that some 

manufacturers are holding back be-
cause only a few companies have 
the facilities to make microelec-
tronic units. There are fears that 
some competitive advantage will be 
lost because the same subsystem 
would be available to all manufac-
turers and that manufacturers will 
be dependent on few suppliers. 
With the introduction of micro-

electronic s ubsys terns, radical 
changes may be needed in produc-
tion techniques. Some circuit de-
signers will have to be reeducated 
to using microelectronics. 

All agreed, however, that the fu-
ture is definitely towards increased 
use of microelectronics, that future 
consumer devices will be smaller 
and lighter. 

The six man panel consisted of 
Norman Parker, of Motorola, Ed-
ward White, of Warwick, and 
B. Miller of Zenith, representing 
set manufacturers, and Leo Lehner, 
of Motorola, Robert Cohen, of RCA, 
and E. A. Sack, of Westinghouse, 
representing device makers. 

"Nothing is impossible to diligence and skill" 
Samuel Johnson 

M906 II 

Tape Transport 

E 

These ore the trademarks 

of some of our customers— 

each an important contrib-

utor to a dramatically 

growing industry. We at 

Potter pledge our diligence 

and skills to this growth 

through o constantly 

expanding program of 

research and development. 

couples 

high-performance 

and reliability... 

with the lowest price in the industry. 
The unique design of this versatile 
transport provides compatibility for a 
variety of applications in digital data 
processing and computer systems. 

Five tape widths up to 11/4" may be 
accommodated at speeds up to 120 
IPS. In addition, data transfer rates of 
62,500 BCD digits per second are readi-
ly obtained using conventional record-
ing techniques. When used in high. 
density recording applications, transfer 
rates of over 450,000 BCD digits per 
second with drop-outs fewer than 1 bit 
in 100,000,000 are provided. 

Complete specifications for this highly 
reliable system are available on request. 

Manufacturers of: 

• Digital Magnetic Tape Splems 
• Perforated Tape Readers 
• High Speed Printers 
• Data Storage Systems 

POTTER INSTRUMENT CO., INC. 

Sunnyside Boulevard • Plainview, New York 
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NAVY'S F4H Phantom II is equipped with electronic 
detection gear, an all-altitude bombing system, and once 
set a speed record (1,390.31 mph) for the tight, circular 
100 Km closed course 

F100C-6 Super Sabre flies at 1,000 mph, and is seen 
carrying six bombs 

U-2 PICKS up and records radio signals, photographs 
with visual light and infrared techniques. These high-
flying, unprotected planes did first recon work over Cuba 

F-105 carries bombs, napalm, or the accurate and reliable 
Bullpup missile 

BULLPUP 
arms USAF's 
F-105 and sev-
eral Navy 
planes 

Electronically -Controlled Cameras 
With hopes for on-site 
inspection fading, recon 
planes are vital 

By JOHN F. MASON 
Senior Associate Editor 

THE VALUABLE ROLE that re-
mote reconnaissance played in un-
covering the Soviet missile plot in 
the Caribbean will play an equally 
important role for some time to 
come. The stalemate on arrange-
ments for on-site inspection appears 
to be hardening, rather than eas-
ing up. 

Khrushchev's "word" is being ac-
cepted, while the mounting reports 
by Cuban refugees of missiles and 
aircraft hidden in caves are being 
ignored—at least, officially. 
To protect the security of the 

Western hemisphere against these 
unpropitious conditions, reconnais-
sance by every means at our dis-
posal will continue. The U. S. capa-
bility for this operation is excellent. 

Our capability for knocking out 
concealed sites, if this should ever 
become necessary, is just as good. 

RECONNAISSANCE—First 
knowledge of missiles in Cuba may 
have come from detection of elec-
tromagnetic radiation from missile 
support equipment. This clue might 
well have preceded visual proof ob-
tained by aerial photographs. While 
the actual sequence of events will 
probably never be revealed, the 
tools available are well known. 
The U-2's ferreting gear could 

have picked up test signals from 
Soviet antiaircraft radar before 
flights over the island began. This 
would have tipped off the fact that 
something more important than 
sugar cane was being protected. 
Missile site communications could 
also have been recorded. These sig-
nals could have been received by 
U-2, ground receivers at Guanta-
namo, Navy ships and planes, or 
even by sensitive receivers in 
Florida. 

After the fatal downing of the 
American U-2 on Oct. 27 and Cas-
tro's threat to shoot down further 
reconnaissance planes, the Defense 
Department announced openly that 
surveillance would continue. The 
high-flying, unprotected U-2 flights 
directly over Cuba were abandoned, 
and low-flying supersonic photo-
reconnaissance planes were put into 
service. 
One plane that is probably being 

used is the RF-101 Voodoo—the 
Tactical Air Command's top-rank-
ing photo reconnaissance plane. The 
Voodoo, built by McDonnell, can fly 
at 50,000 ft or just above the trees. 
It can fly at twice the speed of 
sound, and is equipped with six elec-
tronically-controlled cameras. It 
once flew from Los Angeles to New 
York in 3 hours, 7 minutes, photo-
graphing a 16-mile-wide strip 
across the U.S. One KA-2 camera 
(12" focal length) is in the forward 
position, three KA-2 (6" focal 
length) cameras are in tri-camera 
stations, and two KA-1 (36" focal 
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THIS SOVIET missile site in cuba was photographed by low-flying photo-recon plane. Pictures taken 
by obliquely-positioned cameras can be processed to show vertical perspective if desired 

RF-101A Voodoo carries 6 electronically 
controlled cameras, can appear and disap-
pear at tree top level before radar or troops 
know what has happened 

Watch Cuba 
length) cameras are positioned aft 
vertical. At night, flare ejectors are 
carried, and the tri-camera station 
is equipped with three K-46 (7" 
focal length) cameras. 

Cameras for the RF-101 were 
built by Fairchild Camera and In-
strument. USAF's Aeronautical 
Systems div. designed and assem-
bled the camera's electronic con-
trols. Component suppliers were 
Bill Jack Co., Chicago Aerial In-
dustries and DuMont Labs div. of 
Fairchild. 
The Voodoo recon plane probably 

takes off from Florida and skims 
over the white caps of the Florida 
straits. It is blanketed from Cuban-
based radar by the horizon, and 
blends into the water on airborne 
radar scopes. On reaching the Cu-
ban coast, the Voodoo might climb 
to 300 feet. A combination view-
finder provides the pilot with a 
clear view of the terrain below and 
ahead of the aircraft. Using cockpit 
controls, the pilot feeds basic in-
structions into the camera system. 

The photo procedure then becomes 
completely automatic. 

Flying at 850 knots, the Voodoo 
can cover a 12-mile stretch in 51 
seconds; his six cameras recording 
the entire strip. He is relatively 
immune from enemy fire. Manual 
artillery would be useless, and radar 
has hardly had time to detect him 
before he has gone. 

Similar procedures can be used 
by carrier-based Navy planes. The 
F8U-1P Crusader is a photo-recon 
plane (Ling-Temco-Vought) prob-
ably used. The F8U-1P Crusader 
(now designated RF-8A) is one of 
Navy's mainstays for photo-recon 
work. The A3D-2P Skywarrior 
(RA-3B) is another. 

IF FORCE IS NEEDED—Striking 
capability, if that should be called 
upon, is swift and efficient. The 
northern most base in Florida is 
Jacksonville, 240 miles from Cuba. 
A fighter version of Voodoo, the 
F-101, flying at 850 knots, could 
reach its target in 17 minutes. The 

Tactical Air Command has other 
bases in Florida, southern Georgia 
and Alabama. Besides the Voodoo, 
there are F-101s and F-105s ready 
to go. All three can carry conven-
tional bombs—these can be dropped 
from 300 ft altitude if time delays 
are used; and napalm—low altitude 
again is no problem, since the plane 
gets away before the conflagration 
begins. The F-105 can carry the 
very reliable Bullpup air-to-ground 
missile. This moves out from the 
plane so fast that the damage is 
done before the plane gets to the 
target. 

The Navy has an impressive 
inventory of carrier-based planes 
that could swoop into Cuba, 
knock out a few carefully camou-
flaged missiles the Soviets somehow 
hadn't noticed, and be back on their 
carrier in minutes. The A3D Sky-
warrior series, the A4D, the AD-5 
(AlE), A3J (A5A), F4H, F8U-2N 
(F8D). 

These planes carry HVAR rock-
ets and Bullpup guided missiles. 
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AMPEX What name is on the first 1.5 Mc recorder? 

Here it is: a 1.5 Mc per track, multi-track re-
corder! And Ampex is the first to have it. It's 
called the FR-1400. It will give you the broad-
est bandwidth yet in longitudinal recording. 
What's more, it utilizes solid state electronics 
throughout—all in one rack. It has four speeds, 
each electrically switchable with no adjust-
ments needed. And it comes with tape search 
and shuttle to provide quick data location and 
permit any portion of the tape to run repeatedly 
without operator attention. What about per-

formance? Outstanding! It offers better rise 
time and minimum ringing on square waves, 
low intermodulation distortion, and improved 
flutter. Ampex also brings you a new 1.5 Mc 
tape. In both you'll find the same engineering 
precision, the same superior quality, that has 
made Ampex first in the field of magnetic re-
cording. Write the only company providing re-
corders and tape for every application: Ampex 
Corp., 934 Charter St., Redwood City, 
Calif. Worldwide sales and service. 

AMPIEX 
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MICRO-MACHINED PARTS MADE BETTER 
mmeimmueri 
I 2 3 23 
loms 

.1-00TH S 

Larger and more costly lathes can often be relieved of the 
burden of microrange production with the installation of 
the proper LEVIN lathe. In addition, the speed and ease 
of operation of LEVIN instrument lathes generally sur-
passes that attainable on larger machines. With 41 stand-
ard models to select from, there is a proper LEVIN lathe 
for your application. Available in 3/16", 5/16", and 1/2" 
collect capacities. 

SEND FOR COMPLETE CATALOG 

7E VIN 
instrument lathes are 

specifically designed for the production of small 
parts. Due to their high degree of precision, 
these lathes easily operate in the microrange of 
measurements on size, concentricity, and finish. 

LOUIS LEVIN & SON, INC. 

3573 Hayden Ave., Culver City, California 
New York Representative and Showroom 
RUSSELL-HOLBROOK & HENDERSON, INC. 
292 Madison Ave., New York 17, N.Y. 
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CONVENTIONAL black-and-white and color-tv set sales are said 
declines in both annual dollar volume (A) and in unit sales (B) 
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SALES FORECAST by Harries based on 
$300 and $900: (A) is prediction of annual 

Will New Projection System Sharply Boost 

Developer claims it 
will increase not only 
sales, but profits too 

MASS PRODUCTION of his new 
projection-type color television sets 
would result in a sharp upturn in tv 
set sales in the U. S. and provide 
manufacturers with higher profit 
margins, says J. H. Owen Harries, 
president of Harries Electronics 
Corp. Ltd., Bermuda. 

Projection color sets, he thinks, 
could push total set sales beyond the 
$3-billion mark by 1968. The in-
crease in sales—a net rise of almost 
$2 billion over 1962 sales—would be 
accomplished despite a decline in 
conventional color and black-and-
white set sales. 

Harries predicts that without a 
spur to sales, such as the new sys-
tem would provide, manufacturers 
of black-and-white sets will soon be 

faced with shrinking sales and 
profit margins. He also expects that 
sales of conventional color sets 
would soon reach the saturation 
point, after which their profit mar-
gins would also decline. 

SALES PREDICTIONS—The ac-
companying graphs show the size 
and shape of the television market 
as Harries sees it. 
The first set of graphs is his pre-

diction if there is early production 
of projection color-tv sets in three 
price classes, $200, $300 and $900. 
The second set of graphs is how the 
market will look, according to Har-
ries, if only conventional color and 
black-and-white sets are made. 
The first graphs assume that the 

new type of receiver will replace 75 
percent of the existing black-and-
white sets in five years. 

PROFIT MARGINS—The intro-
duction of projection color-tv sets 

LOW-COST SYSTEM 

In its issue of December 14 ELECTRONICS will publish technical 
details on Harries' projection color-tv receiver. 
As reported last week (p 7, Nov. 23), the new system is com-

patible with NTSC transmission, uses low-cost, molded-plastic 
optical elements and provides a bright picture. 

Small picture tubes used in the system can be made on compact, 
high-speed, rotary machines, Harries says. Because the tubes 
will be inexpensive, extra tubes can be used to make the picture 

still brighter 

in several price ranges would make 
tv manufacturing more profitable, 
according to Harries. 
Most black-and-white sets now 

sell at an average price of $160 and 
profit margins are low, he says. The 
reason that profits are low, he con-
tends, is that purchasers tend to 
buy the cheapest set. 

Buyers are aware, he says, that 
the difference in cost between a 
manufacturer's low-priced set and 
more expensive models is primarily 
cabinetry, not picture quality. 

Profit on color-tv sets is good 
now, with set cost averaging around 
$600, he says. But he predicts that 
the market for such sets will be-
come saturated in a few years, after 
which profit margins will also de-
cline. 

PRICE SCALES—The way to get 
better profit margins is to scale 
price to performance as the auto in-
dustry does, Harries believes. 

This can be achieved by the pro-
jection system, he says, since value 
can be improved by increasing the 
number of picture tubes in a set. He 
proposes three price ranges as a 
starter: 
• $200—an economy color re-

ceiver with three picture tubes, a 
19-inch screen and picture lumi-
nance of 25 foot-lamberts. 
• $300—four picture tubes, 23-

inch picture and luminance of 60 to 
70 foot-lamberts. 
• $900—five picture tubes, 33-

24 
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production of projection sets costing $200, 
dollar volume and (B) is unit sales 

$200 

$900 

/BLACK B. WHITE 

OTHER COLOR TV 

Color-Tv Sales? 

inch screen and luminance of 60 to 
70 foot-lamberts, or a 23-inch 
screen and luminance of 120 foot-
lamberts. 
The difference in performance of 

three such sets would be immedi-
ately obvious in a dealer's show-
room, he adds, providing the pur-
chaser with an incentive to buy the 
higher-priced set. 

Aircraft Inertial System 
Gets Radar Map Display 

GENERAL DYNAMICS reports delivery 
of the first of the radars being built 
for Autoneties' radar-equipped in-
ertial navigation system. The sys-
tem is being produced for the 
Navy's A3J attack bomber. 
The radar displays a pitch and 

roll-stabilized ground map, provides 
navigational fixes and, on bombing 
runs, target coordinates. Antenna 
tilt can be controlled to spotlight 
targets and provide uniform illumi-
nation from any altitude. Slant 
range information is obtained by 
manually positioning a range cursor 
over a selected target. Then the 
range cursor automatically tracks 
the target. 
General Dynamics / Electronics 

has so far received an estimated 
$27 million in contracts for the 
radar and its development. 

Wide Selection of 
Silicon Chopper Transistors 
Now Available in 
Production Quantities 

High speed Silicon Precis'on Alloy 
Transistors specifically designed for 
use as low-level choppers and de-
veloped by the Sprague Electric Com-
pany are now available in a broad 
range of types and performance 
characteristics. 

Sprague Silicon Chopper Tran-
sistor specifications have been tailored 
to meet specific circuit requirements. 
Superior in performance to ordinary 
alloy devices, they offer low offset 
voltage, low dynamic resistance, low 
output capacitance, low ICB01 and 
high frequency response. The wide 
selection of types includes a variety of 
matched pairs. 

2N2I62 
Guaranteed 30 volt rating. Typical tT of 
20 Mc and low offset voltage make these 

252165 transistors ideal where high voltage is 
required 

252163 Have 15 volt rating and same high frequency 
252166 performance and low offset voltage as 

252162 
252164 Highest frequency P-N-P Silicon Choppers 
252167 available as standard types 

252185 Extremely low leakage current of 1 nano-
ampere at 10 volts. Has 30 volt rating 

252274 Similar to 252185 but has lower inverted 
dynamic saturation resistance 

252276 Low-cost version of 252274 

252278 Very low offset voltage of 1.75 mV at I 8 = 
1 mA 

252187 Matched pair of 252185 with AV°, f — 
50eN max. from +25 C to +85 C 

252275 Matched pair of 252274 with AV0FF = 
100µV max. from +25 C to +65 C 

252277 Matched pair of 252276 with àVciFF= 
100AN max. from +25 C to +65 C 

2N2279 Matched pair of 252278 with AVorp. 
505V max. from +25 C to +85 C 

These transistors are inherently 
stable. Every Sprague Chopper under-
goes a rigid production conditioning 
of 40 temperature cycles from —55 C 
to +140 C, a 200 hour bake at 
+ 140 C, and a two hour 125 mW 
operational burn-in! 

For application engineering assist-
ance without obligation, write Prod-
uct Marketing Section, Transistor 
Division, Sprague Electric Company, 
Concord, New Hampshire. For com-
plete technical data write Technical 
Literature Service, Sprague Electric 
Company, 35 Marshall Street, North 
Adams, Massachusetts. 
48-469 

CYLINDRICAL 
INTERFERENCE 

FILTERS 

the Smallest, Lightest, 
Most Efficient 

Designs Available! 
• Basic cylindrical design follows 

natural shape of rolled capacitor 

sections and toroidal inductors. 

• Threaded-neck bulkhead mount-

ingsassure proper isolation between 

input and output terminals as well 

as firm peripheral mounting with 

minimum impedance to ground. 

• Popular low pass design, intend-

ed for use as 3-terminal networks 

connected in series with circuits to 

be filtered. 

• Excellent interference attenua-

tion characteristics reflect the use 

of,Thrupass capacitor sections. 

• Designs to meet the require-

ments of Military Specifications 

MIL-I-6181, MIL-I-26600, MIL-I-
16910, and MIL-I-11748. 

For additional information, write for 
Engineering Bulletin 8100A to Tech-
nical Literature Service, Sprague 

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

SPRAGUE® 
THE MARK OF RELIABILITY 
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UHF Tv Gets Set for Boom 

FCC tests show uhf 
tv has no major 
technical problems 

By GEORGE J. FLYNN 
Associate Editor 

WITH OPERATING TESTS fa-
vorable in New York City, and with 
all-channel sets required by law be-
ginning April 30, 1964, the fuse is 
set and lighted for the expected 
boom in uhf tv. Applications for 
station licenses started to increase 
even before the FCC's report was 
released (ELECTRONICS, p 12, Nov. 
9, and p 10, Nov. 23). 

TEST RESULTS—The New York 
City tests were designed to test ac-
tual receiver operation in what is 
regarded as one of the worst uhf lo-
cations. Manhattan's tall buildings 
and concrete canyons cause reflec-
tions and shielding that lead to 
ghosting and loss of picture. The 
premise was that if uhf works in 
NYC it will work anywhere. 

TRANSMITTING antennas atop 
Empire State Building 

Standardized receiving sets were 
installed at 768 locations within 25 
miles of the transmitting antenna 
on the Empire State Building. 

Approximately 10 percent of the 
locations showed better reception of 
vhf than uhf when only indoor an-
tennas were used. When outdoor an-
tennas were installed at sites with 
inferior reception, vhf was still bet-
ter than uhf but only at one or two 
percent of the sites. Inferior recep-
tion of uhf with indoor antennas 
was blamed primarily on poorer 
penetration of uhf signals. 

In general, if vhf reception is 
good, so is uhf reception. 

ANTENNAS—When outdoor an-
tennas were found necessary, sim-
ple types were generally adequate. 

In Manhattan itself, and within 
four miles of the transmitter, 56.8 
percent of the sites had satisfactory 
uhf reception with inside antennas, 
while 60 percent of the sites re-
ceived vhf adequately. When out-
side antennas were used, uhf recep-
tion was satisfactory at 94.6 per-
cent of the sites and vhf was satis-
factory at 93.6 percent. 

Channels 2 and 7 were used to 
compare 31 for black and white and 
channel 4 used for color. 

Viewers of the test installations 
did not always understand the pur-
poses of the tests and often con-
fused picture quality with program 
quality. Trained observers (Jerrold 
Electronics installation crews) also 
checked on picture quality. 

UHF PROSPECTS—Uhf receivers 
are still not considered quite as 
good as vhf receivers. What uhf 
most needs now is a cheap, low-
noise diode mixer or converter, say 
industry sources. Also, the r-f tube 
circuits in vhf receivers have better 
noise performance than similar uhf 
circuits. 

Uhf requires 10 to 20 times as 
much transmitting power as vhf to 
give the same reception. Installa-
tion and operating costs will be 
higher. 

There are now slightly more 
than 100 uhf stations in the U. S. 
Another 1,500 to 2,000 may be acti-
vated eventually. 

Though the missions were different, 

the Mercury Capsule and Telstar trav-

eled some of the same "roads." 

There's something else alike in these 

vehicles — the electrical wire. 

An essential property of an insulated 

wire is as much its performance dur-

ing the process of installation as its 

reliability in use. If stripping, potting 

or marking become a problem, so 

may ultimate reliability. 

Raychem Corporation irradiated modi-

fied polyolefin insulated products are 

non-melting and therefore have excel-

lent resistance to solder iron cut-

through. They are easily potted with 

commonly used elastomeric or rigid 

sealants with no prior surface etching. 

Printing is accomplished as routinely 

as with the common vinyls or nylon. 

These characteristics can be an impor-

tant advantage in your use of high 

temperature wire and cable products. 

fl AYCH E 
CORPORATION 

REDWOOD CITY, CALIFORNIA 
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there is a common denominator... 

where = reliability 
Though Telstar and Mercury differ in function, 

they have a common denominator. The relia-

bility and performance in vacuum and space 

of RAYCHEM wire and cable was vital in their 
success. 

LEADER IN RADIATION CHEIVIISTR'' 

FOR ELECTRONIC WIRE AND CABLE 

IR AYCH E vI 
CORPORATION 
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TYPE 3576 tone OUAL-TRACE 
A macaw:or Kovno.. 

TYPE 3T77 SWEEP 
•Agi3OLL ee- TIME/OW •°' 
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Tektronix Type 
661A OscilloscOP0 

This new low-drift sampling system is as easy to operate 
as a conventional oscilloscope — but with sensitivity and 
bandwidth possible only through sampling. 

HERE'S WHAT YOU CAN DO 
WITH THIS SAMPLING SYSTEM: 

1 Measure millivolt wide-band signals with either 0.4-nsec 
risetime sampling channel. Time-measurement range extends 
to 100 microseconds, 
2 Trigger internally from A and B signals. Matched internal 
delay lines in both channels assure accurate time comparisons. 

3 Display repetitive signals on 15 calibrated equivalent 
sweep rates from 0.2 nsec/cm to 10 ,usec/cm, accurate within 
3%. Magnifier provides 10X sweep expansion ... time per dot 
remains the same for digital readout (with auxiliary equipment). 
4 Measure millivolt signals in the presence of a ±1-volt dc 
component by means of a dc-offset voltage, monitorable at 
the front panel. 

5 Reduce time jitter and amplitude noise, if needed, on the 
more sensitive vertical ranges and faster sweep rates by 
means of a smoothing control. 

6 Show X-Y (lissajous) patterns, observe single or dual-trace 
displays, add signals algebraically. 

7 Change the signal-source impedance without affecting the 
dot transient response. 

8 Vary sweep delay through 100 nanoseconds. 

9 Drive X-Y plotters or similar readout accessories. 

10 Select calibrated vertical sensitivities from 2 to 200 mv/div. 

11 Choose signal probes for higher input impedances,various 
attenuations. 

WIDE OPERATING VERSATILITY, AVAILABLE THROUGH OTHER 2 -SERIES AND 3 SERIES PLUG-INS 
AMPLIFIER UNITS 

TYPE 
PASSBAND 
(3-LIO down) SENSITIVITY PRICE 

TIME-BASE UNITS 
TYPE SWEEP FEATURES TRIGGERING PRICE 

2A60 dc-1 Mc. 50 mv/cm-50 v/cm 
4 decade steps 

with variable control, 

5105 
2B67 

1 µsec/cm to 5 sec/cm, 
1-2-5 sequence, 

variable between rateS. 
5)( Magnifier. 

Single Sweep. 

Internal, External, Line; 

Amplitude-Level 
Selection; AC or DC-
Coupling; Automatic 
or Free-Run; ± Slope. 

$175 

2A63—Differential 
(50:1 rejection ratio) 

dc-300 kc. 1 mv/cm-20 v/cm 
1-2-5 sequence 

with variable control. 

$130 

3B1 
Normal and Delayed 
Sweeps-0.5 µsec/cm to 
1 sec/cm. 1-2-5 sequence 

18 calibrated delay 
settings, 0.5 µsec to 

10 sec, variable 
between rates 
uncalibrated, 

Internal or External; 
AC or DC Coupling; 
Automatic; ± Slope 
Same features for 

Normal and Delayed 
Sweep Modes., 

except automatic. 

$475 3A72—Dual Trace 
(Identical Channels) 

dc-650 be. 
(each channel). 

10 mv/cm-20 v/cm, 
1-2-5 sequence, 

with variable control. 

$250 

3A74—Four Trace 
(Identical Channels) 

dc-2 Mc 
(each channel). 

20 m y/cm-10 v/cm, 

1-2-5 sequence, 
with variable control. 

$550 

3A75—Wide Band dc-4 Mc. 50 mv/cm-20 v/cm, 
1-2-5 sequence. 

with variable control. 

$175 
3B3 Normal and Delayed 

Sweeps-0.5 gsec/cm 
to 1 sec/cm, 

1-2-5 sequence. 
Continuously variable 
calibrated delay from 
0.5 1./sec to 10 sec. 

Single Sweep 
for main sweep. 

Internal or External; 
Line; AC or DC-

Coupling; Automatic; 
± Slope; for Normal 
Sweep Mode; Same 

features (except no Line 
or Automatic) for 

Delayed-Sweep Mode. 

$525 

3A1—Dual-Trace 
(Identical Channels) 

dc-10 Mc. 
(each channel). 

10 my/cm-10 v/cm 
1-2-5 sequence 

with variable control. 

$410 

TYPE 561A CHARACTERISTICS 
UNIQUE CRT 

• 5-inch rectangular ceramic-envelope tube 

• Illuminated no-parallax internal graticule on high quality par-
allel-ground plate-glass face 

• Controllable graticule lighting —for convenient trace 
photography 

• Monaccelerator design and 3.5-KV accelerating potential, 
—for a bright, sharply-defined trace of small spot size 

OTHER FEATURES 

Improved regulated 
power supplies • Reg-
ulated dc heater supply 
• Z-axis input • Amp-
litude calibrator with 
18 steps from 0.2 my to 
100 y • Operation from 
105 v to 125 v or 210 v to 
250 v, 50 to 400 cps. 

TYPE 561A Oscilloscope   $ 470 
(without plug-ins) 

TYPE 3S76 Dual-Trace Sampling Unit $1100 
TYPE 3T77 Sampling Sweep Unit . . $ 650 
Probes: 

Type P6032 Cathode-Follower Probe , $ 160 
Type P6034 Miniature Passive Probe. $ 35 

(10X Attenuation) 
Type P6035 Miniature Passive Probe. $ 35 

(100X Attenuation) 
U. S. Sales Prices, f.o.b. Beaverton, Oregon 

For more information on a Type 561A Oscilloscope and plug-in combinations, please call your Tektronix Field Engineer. 

Tektronix, Inc. P. O. BOX 500 • BEAVERTON, OREGON I Mitchell 4-0161 • TWX-503-291-6805 • Cable: TEKTRONIX 

Tektronix Field Offices are located in principal cities throughout the United Slates. Please consult your Telephone Directory. 
Tektronix Canada Ltd: Field Offices in Montreal, Quebec • Toronto (Willowdale) Ontario. 
Tektronix International A. G,, Terrassenweg 1A, Zug, Switzerland • Overseas Distributors are located in 27 countries and Honolulu, Hawaii. 
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C-BAND ANTENNA (A) and 
L/X-band antenna (B) comprise an 
integrated radar system that can 
track three targets simultaneously, 
get 36 pieces of real-time data 

C-BAND ANTENNA, 30 feet in 
diameter on truck (left) waits for 
shipment as the 40-foot L/X-band 
antenna is hoisted to turntable at 
radar test range 

PROGRAM GETS NEW NAME, NEW MONEY 

Advance Range Instrumentation Ship program carries on with develop-
ments begun under the Mobile Atlantic Range Station program (ELEC-
TRONICS, p 22, July 28, 1961). 
The first two Ans ships are being outfitted by Sperry in a $50-million 

program. Contract awards are expected soon for conversion of two more 
ships and plans are hardened for at least a fifth ship. 
Ships 3 and 4 will get $65 million from the Air Force's 1963 Research, 

Development, Test and Evaluation funds. Ship 5 will get $36 million for 
long-leadtime instrumentation. More funds for ship 5 will come from 1964 
money (ELECTRONICS, p 30, April 27) 

Six-in-One Radar 

Will Track :Nose Cones 

Three radars, each 
with two polarizations, 
integrated on ship 

NEW RADAR for the first Ad-
vance Range Instrumentation Ship 
(Aris)—f ormerly called Mobile 
Atlantic Range Station ( Mars) — 
is significant for the design prob-
lems solved, and for its position as 
forerunner of a long line of missile 
and space tracking equipment to be 
installed aboard ships. 
Main purpose of this ship and its 

successor, Ans 2, is to extend the 
Atlantic Missile Range to over 
9,000 miles. Operating in the Indian 
Ocean, these floating stations will 
gather terminal and reentry phe-
nomena data on ballistic missiles 
launched from Cape Canaveral. 

THREE-BAND DESIGN—The de-
sign problem was to build radar 
that would get as much data on 
missile reentry as possible, and yet 
not take up too much room on the 
weather deck of the ship. 
To acquire comprehensive data, 

three frequency bands are used— 

THIS SHIP WILL go to Indian 
Ocean to track terminal trajecto-
ries of missiles launched from Cape 
Canaveral. The C-band radar is in 
foreground, X/L band radar in 
background 

C-band for signature and tracking, 
and L- and X-band for signature. 
To cut down on space, the L-band 

and X-band radars share one 40-ft 
transmitting and receiving antenna 
(see diagram B)—the center 18 
feet for X-band, with the remainder 
of the dish perforated to provide 
reflection at L-band. Power output 
is 10 Mw for L-band and 1 Mw for 
X-band. Each can transmit with 
pulse compression modulation. 
The X/L-band and telemetry 

antennas and the cameras are all 
slaved to the 30-ft C-band antenna 
by a 120-horsepower servo train. 
For better control and economy of 

space, one console handles the whole 
system, including other instrumen-
tation subsystems. The combined 
radars are called the Integrated In-
strumentation Radar (IIR). 

Below decks, there are separate 
transmitter rooms for each band, 
an IIR room that is master control 
for the system, and the central data 
conversion equipment room where 
radar outputs are translated into 
computer language. 

All radars will transmit with 
alternately vertical and horizontal 
polarization so that the IIR is not 
one radar but six integrated radars. 

C-BAND—The C-band radar uses a 
Cassegrainian system with a two-
horn feed at the paraboloid vertex 
for horizontal polarization. Cas-



segrainian subreflector is polarized 
so that it is transparent to vertical 
polarization and reflects horizon-
tally polarized energy. 
The receivers accept four pieces 

of precision trajectory and signa-
ture data: vertical-vertical, vertical-
horizontal, horizontal-horizontal, 
and horizontal-vertical. The three 
bands together provide 12 pieces of 
information on one target. Three 
simultaneous targets provide 36 
pieces of real-time data. 

C-band radar operators have the 
choice of simultaneous skin and 
beacon tracking, or they can switch 
from one to the other. In general 
practice, tracking will be beacon 
first, then simultaneous beacon-skin 
tracking, then skin tracking until 
the target plunges into the sea. 

Heart of the pulse compression 
technique used in the C-band radar 
is a filter using a staggered triplet 
of bridged-T time-delay sections. 
This provides a linear time delay 
vs. frequency characteristic. To 
achieve adequate compressed side-
lobe reduction, modifications of the 
triplet sections and equalizers were 
added. 

Tracking precision was obtained 
by the use of line-of-sight stabiliza-
tion gyros on the antenna, a two-
channel monopulse receiver that 
virtually eliminates the common 
age and phase shift problems, op-
posed servomotor drives to mini-
mize backlash errors, digital rang-
ing and digital data readout. 

TRANSMITTER—The transmitter 
uses a stable local oscillator that 
drives a traveling-wave tube. Modu-
lation is introduced in an ssb modu-
lator. A final klystron amplifier has 
a high-power pulse output. 

Resonant frequency was planned 
to be above the ship's vibration 
frequency of 0 to 10 cps. Although 
mounts are built of steel, an alu-
minum truss supports the honey-
comb panels of the C-band antenna 
for lightness. 
Radar for Ans 2, also to be built 

by Sperry, will surpass the per-
formance characteristics of this 
radar for Ans 1, Sperry says. 
Other instrumentation subsys-

tems, besides the IIR, on Ans 1 in-
clude: operations control center, 
stabilization and navigation, com-
munications, data handling, teleme-
try, meteorology, timing and optical 
equipment. 

GOT 

COIL 

WINDING 

PROBLEM? 

CAMBION® Custom Winding Service can be the answer 
to your coil winding problems. We're completely equipped to 
wind your coils precisely, to meet your exact electrical and 
mechanical specifications. Coils are unconditionally guaran-
teed in any quantity — as are the more than 10,000 different 
items in the CAMBION line of electronic components. Your 
coils can be thoroughly tested in our environmental labora-
tory whenever necessary, if your problems are unusual. 
CAMBION is prepared to help you design your coils. 

Actually, the CAMBION line of regular and shielded coil 
forms is so broad and so versatile that you rarely have to re-
sort to special designs. There are models and sizes to meet 
practically every requirement for both conventional and 
printed circuits. This means you get faster service, greater 
dependability and easier procurement over the years. Mate-
rials are selected and finishes are applied with the greatest 
care — and all parts are non-ferrous and electro-plated to 
withstand severe service conditions. 

If you're all wound up in coil winding problems, 
call on CAMBION. Discover how we can save you 
both time and money. For estimate, send prints and 
quantity requirements to Cambridge Thermionic 
Corporation, 437 Concord Avenue, Cambridge 38, 
Massachusetts. Phone: TRowbridge 6-2800. 

CAMBRIDGE THERMIONIC CORPORATION 

The guaranteed electronic components ./ 
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'The Lighi Touch In Automation and Control'' 

STARTED USING CLAIREX 

PHOTOCONDUCTIVE 
CELLS 

6 Years Ago 
as 

RELIABLE 
System Components 

And Still Does! 

e 
e e or. r 

Reliability 'n computer components means 
a great deal to IBM and its customers; 
down time is extremely expensive. Clairex 
photoconductive cells, because of their 
rigidly controlled parameters and ability 
to perform indefinitely with little or no 
maintenance, have been among compon-
ents used for years by IBM. The Clairex 
cells function as the "eyes" of important 
IBM light•actuoted tape drive controls. 

These tape drives ore now operating in 
thousands of computer systems around 
the world — providing daily proof 
through performance of Clairex reliability! 

You too con enjoy this confidence in 
supply. Clairex cells have been employed 
by hundreds of major firms in outer 
space, photography and dozens of other 
interesting fields. These cells °offer a 
broad range of characteristics to the de-
sign engineer in the largest line of both 
glass and metal photoconductive cells 
available to the industry. 

CLAIREX 
CORPORATION 

The Oid,st Manufcctur, of Cadmium Sulfide 
and Cadmium n Phoioconducrive Cells 

8 West 30th Street, N. Y. 1, N Y. 

Twin 

Tracker 

Follows 

Missiles 

Infrared system measures 
radiation of missiles 
on Atlantic Range 

TWO NEW INFRARED tracking 
and measuring systems for the 
Atlantic Missile Range will un-
dergo operational tests shortly at 
Patrick Air Force Base, Fla. 
One of the nearly identical sys-

tems will be installed nine miles 
south of Cape Canaveral where it 
will be used to measure missile 
plume radiation during launch 
through second stage burnout. The 
second system is slated for Ascen-
sion Island. It will obtain radio-
metric data from space vehicles 
during reentry and provide trajec-
tory data during electronics black-
outs. 

Heart of each system is a high-
sensitivity, high-resolution infra-
red tracker which provides error 
signals to a modified Nike-Ajax 
pedestal positioning system. The 
composite tracking circuit is ac-
curate to better than ±-0.2 mil in 
both azimuth and elevation, the de-
velopers report. 

TRANSDUCERS — Measurements 
in the infrared spectrum from 1 to 
14 microns are provided by an 
infrared radiometer with a dual-
barrel, 12-inch-aperture optical 
unit utilizing lead sulphide and 
thermistor detectors. 
The spectral region from 0.24 

through 1.0 micron (visible light 
and ultraviolet) is covered by a 
photometer that electromechani-
cally monitors radiation time se-
quentially over six distinct infra-

BUSINESS END of infrared 
tracker and measurement system 

red wavelength intervals. 
An infrared scanner will scan the 

target vicinity making irradiance 
measurements in minute increments 
of its field of view. This instrument 
is capable of resolving the location 
of a source of radiation to 1/784 
of the area it covers. 
System integration and installa-

tion are the responsibility of Metric 
Systems Corp. The system was de-
veloped by Pan American and the 
Atlantic Missile Range Develop-
ment Division. 

New Telephone Exchange 
Works with Old Ones 
GENERAL Telephone & Electronics 
has announced development of an 
electronic telephone exchange com-
patible with existing electrome-
chanical switching equipment. The 
system can be used to expand exist-
ing step-by-step offices or to equip 
new offices. 

It is designed to provide high-
speed control over switching opera-
tions and provide new services such 
as automatic forwarding of calls, 
conference calls, call-waiting tone, 
two-digit dialing and authorization 
codes for direct distance dialing. 
The system is also self-monitoring. 
A pilot model developed by Auto-
matic Electric will be field tested 
next year. 
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New Type IMM 648-1 
Shown Actual Size 

1952-1962...weight reduced 
from 5 ounces to 0.1 ounce! 

The product of 2 years of in-
tensive development work, new 
completely microminiaturized 
magnetic modulators feature an 
essentially drift-free circuit 
with superior phase and gain 
stability over wide environ-
mental ranges. All the rugged-
ness, dependability, wide 
dynamic range and stability 
that are characteristic of the 
larger magnetic modulators are 
engineered into this new mag-
netic circuit. "MICRO MAG 
MODS" are shock and vibra-
tion proof, provide the ultimate 
in reliability and unlimited life. 

il 

absogute Pekoe% 
Ck Mith0 MageditS 

An entire circuit module com-
pensated for phase, gain and 
zero drift over entire tempera-
ture range. 

0.1 Cubic Inch Volume 
0.1 Ounces in Weight 
Infinite Standby and 
Low Milliwatt Service Life 

Power Consumption 
High Shock and 

Vibration Resistance 

GENERAL 

MAGNETICS • INC 

135 BLOOMFIELD AVENUE 

BLOOMFIELD, NEW JERSEY 

Turn to Reverse Side for 
Specifications and Data— 



There is No Substitute for Reliability 

'MICRO MAG MOD: 
:-•? MAGNETIC 
- MODULATORS 

--provide repeatable data over years 
of continuous, unattended operation! 

"MAG MODS" provide four quadrant operation, extreme 
stability with negligible change of phase, gain and zero 
position over a wide temperature range. Design is simple, 
lightweight, rugged with no vacuum tubes, semiconduc-

ADVANTAGES: 

Electrical zero point and gain, 
repeatability and stability over 

entire service life 

Extremely broad bandwidth 

Carrier frequencies as high 
as 1 megacycle 

Input signal current resolution 
better than 0.01 pa 

Absolute reliability—unlimited life 

High shock and vibration proof 

Low milliwatt power consumption 

Micro Magnetic 
Modulator 
Type IMM-655 2 

01 

Amplitude 
Response 

160 

06 

a 

100KOhm 
Load 

tors or moving parts to limit life. "MAG MODS" offer 
infinite design possibilities and impedance levels, and are 
adaptable for algebraic addition, subtraction, multiply-
ing, dividing, raising to a power and vector summing. 

Micro Magnetic 
Modulator 
Type IMM-648-1 

Amplitude 
Response 

Micro Magnetic 
Modulator 
Type IMM-664-1 

Amplitude 
Response 

a 

IN N 60 N -20 
SOLD 

IMM-664-1 IMM-680-1 IMM-648-1 

00 

SOKOlim 
Load 

Micro Magnetic 
Modulator 
Type I MM-680-1 

Amplitude 
Response 

TYPE NUMBER IMM-655-2 

Reference Carrier Voltage and Frequency 

Input Control Signal Range 

DC Resist. of Input DC Signal Winding 

AM Phase Reversing AC Output Range 

Differential Gain 
RMS mv AC Output/µa DC Signal Input 

AC Output Null (Noise Level) mv RMS 

Output Impedance 

External Load 

3 V @ 400 cps 
O to ±-100 µa DC 

3 K ohms 

0 to 0.8 V RMS 
@ 400 cps 

7 wipe 

5 mv RMS Max. 

14 K ohms 

100 K ohms 

2 V® 2 KC 

0 to -1:300 µa DC 

1400 ohms 

0 to 1.0 V RMS 
@.2 KC 

4 mv/µa 

5 mv RMS Max.  

1000 ohms 

5 K ohms 

10V @ 60 KC 

0 to ±.100 pa DC 

90 ohms 

0 to 200 mv RMS 
@ 60 KC 

2 mv/µa 

10 mv RMS Max. 

115 V @ 400 Cps 

0 to -±10 ma DC 

20 K ohms 

0 to 30 mv RMS 
@ 400 cps 

5 mv/µa 

11 K ohms Approx. 150 ohms 

50 K ohms 100 ohms 

100 µv RMS Max. 

Excitation (Carrier Winding) Impedance 

Zero Drift over Temp. Range 
Referred to DC Input Terminals 

Hysteresis in % of Max. Input DC Signal 

% Harmonic Dist. in Output Product Wave 

Temperature Range 

3 K ohms 

±0.1 µ11 Max. 

0.2% Max. 

15% 

—55°C to +125°C 

1700 ohms 

0.5 µa Max. 

0.2% Max. 

10% to 15% 

—55°C to +125°C 

750 ohms 90 to 100 K ohms 

0.5% Max. 

5% 

—55°C to +125°C 

0.05 µa Max. 

0.1% Max.  

20% 

—55°C to +125°C 

Frequency Response 5 K Series, 108 cps Over 200 cps Over 5 KC Over 100 cps 

Overall Dimensions (in Inches) 

Type of Mounting 

I%2 X es x Vua 

Two 2-56 Studs 

Approximate Weight (in Ounces) 0.2 

0.4 x 0.5 x 0.65 

Two 0-80 Inserts 

0.1 

'162 x 3 x 
Printed Circuit Board 
1/10th Grid Plug-in 

0.2 

.80 x 1.2 x .55  

Two 4-40 Studs 

0.2 

GENERAL 
MAGNETICS • INC 

135 BLOOMFIELD AVENUE 
BLOOM FIELD, NEW JERSEY 
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Catalogs available on Micro Magnetic Modulators. Standard Magnetic Modulators, Miniaturized Multiplying Modulators, Transistor Oscillators. 
Call or write for your copies, or ask to have a GENERAL MAGNETICS representative contact you for consultation on specific applications. 



THAT'S ABOUT THE SIZE OF IT 

Slap 10,000 pf of stable capacitance in just .176 of a 
square inch of your circuit board with this new Corning 
TY capacitor. It's the TY09, the biggest of a small but 
stable bunch. 

All our TY's give you ultrastable capacitive elements 
of fused glass and foil. The new case and potting com-
pound eliminate inter-component, wire, or chassis short 
circuits. 

You'll find TY's mount easily because we space the 
parallel leads uniformly on .100" grids and they're 
symmetrical with the case. Welding or soldering is easier, 
too, with the gold-flashed Dumet leads. We weld them 
to the conductive plates to give you greater strength. 

Check this table for the TY sizes and ratings you need. 
All of them perform at 300 volts from —55°C. to 
+ 125°C. with no derating. 

j. 

• 

Capacitance Range pf 

Min. 

TY06 1 

Max. L-4-.005" W4-.010" T±.005" S4-.020" 

560 .300" .200" .115" .200 

TY07 560 1000 

TY08 1001 2700 

.300" 

.500" 

.300"  .115" 

.300" .115" 

.200" 

.400" 

TY09 2701 10000 .900" .700" .195" .800" 

Get more information fast from Corning Glass Works, 
3901 Electronics Drive, Raleigh, North Carolina. 

CORNING 
Electronic Components 
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The 
Bitigua 

in 
Power 

Supplies...TRYGON's New Half-Rack 
With Single Switch. Hi-Lo Meter Range 

The single switch, providing Hi-Lo meter ranges from 0 to 4 or 0 to 40 
volts, and 0 to 50 or 0 to 500 milliamps, is only one of the reasons why more 
and more users will recognize Trygon's new Half-Rack as tops among 
Transistorized power supplies for performance and operational reliability. 
Here's a unit that proves itself time and again with such Trygon exclusives 
as hand-wired circuits, and remote sensing which automatically corrects 
the slightest variation in voltage at the load. 

There are other exciting features too: 
• Constant Voltage Operation with Adjustable Current Limiting 
• Constant Current Operation with Adjustable Voltage Limiting 
• Remote Programming and Remote Voltage Sensing 
• Parallel and Series Operation 
• Highest Quality: Lower Price than any comparable supply 

Add all these up and it's easy to see why the big switch is to Trygon, 
for the ultimate in transistorized half-racks that deliver more performance in 
less space than any other similar units available. 

Output: 
Model HR40-500 0-40 VDC @ 0-500 ma 
Model HR20-1.5  0-20 VDC @ 0-1.5 Amp. 

Ripple: 
Model HR40-500 250 microvolts max. RMS 
Model HR20-1.5  500 microvolts max. RMS 

Regulation: 
Load 0.05% or 10 mv, NL to FL 
Line  0.01% or 2 mv, 105-125 VDC input 

Recovery Time: Better than 50 usec to recover within 10 mv for 100% step 
change in rated load 

Stability: 0.05% or 10 mv for 8 hours after initial warm-up 
Temperature Coefficient: 0.02%/°C 
Price: 

Model HR40-500  $149.00 
Model HR20-1.5   $159.00 

Send today for complete details on the extensive Trygon line of transistorized 
D.C. Power Supplies. 

TRYGON 

Model HR40-500 
(illustrated) and 
Model HR20-1.5 are 
available for rack or 
bench use. 

• .. THE TRUSTED SOURCE FOR 
TRANSISTORIZED POWER 

ELECTRONICS, INC. 
111 Pleasant Ave., Roosevelt, L.I., N.Y. — 516-FR 8-2800 

MEETINGS AHEAD  

ULTRASONIC SYMPOSIUM, IRE-POUR; Co-
lumbia University, New York City, 
Nov. 28-30. 

FALL JOINT COMPUTER CONFERENCE, 
IRE-PCEC, AIEE, ACM; Sheraton Ho-
tel, Philadelphia, Pa., Dec. 4-6. 

VEHICULAR COMMUNICATIONS CONFER-
ENCE, IRE-PGVC; Disneyland Motel, 
Anaheim, Calif., Dec. 6-7. 

SPACE PHYSICS CONFERENCE, American 
Rocket Society; Philadelphia, Pa., 
Dec. 26-31. 

MILLIMETER AND SUBMILLIMETER CON-
FERENCE, IRE; Orlando Section; 
Cherry Plaza Hotel, Orlando, Flor-
ida, Jan. 7-10. 

RELIABILITY & QUALITY CONTROL SYM-
POSIUM, IRE-PGRQC, AIEE, ASQC, EIA; 
Sheraton Palace Hotel, San Fran-
cisco, Calif., Jan. 21-24. 

INSTITUTE OF ELECTRICAL & ELEC-
TRONICS ENGINEERS WINTER GENERAL 
MEETING & EXPOSITION, IEEE; Statler 

and New Yorker Hotels, New York 
City, Jan. 27-Feb. 1. 

MILITARY ELECTRONICS WINTER CON-
VENTION, IRE-PGMIL; Ambassador 
Hotel, Los Angeles, Calif., Jan. 30-
Feb. 1. 

QUANTUM ELECTRONICS INTERNATIONAL 
SYMPOSIUM, IRE, SFER, ONR, Unesco 
Building and Parc de Exposition, 
Paris, France, Feb. 11-15. 

ELECTRICAL & ELECTRONIC EQUIPMENT 
EXHIBIT, ERA, ERC; Denver Hilton 
Hotel, Denver, Colo., Feb. 18-19. 

SOLID STATE CIRCUITS INTERNATIONAL 
CONFERENCE, IRE-PGCT, AIEE, Uni-
versity of Pennsylvania, Sheraton 
Hotel and U. of P., Philadelphia, 
Pa., Feb. 20-22. 

PACIFIC COMPUTER CONFERENCE, AIEE; 
California Institute of Technology, 
Pasadena, Calif., March 15-16. 

IEEE INTERNATIONAL CONVENTION, In-
stitute of Electrical and Electronics 
Engineers; Coliseum and Waldorf-
Astoria Hotel, New York, N. Y., 
March 25-28. 

ENGINEERING ASPECTS OF MAGNETO-
HYDRODYNAMICS SYMPOSIUM; IRE-
PGNS, AIEE, IAS, University of Cali-
fornia, UCLA, Beverly, Calif., 
April 10-11. 

SOUTHWESTERN IRE CONFERENCE, IRE, 
Dallas Memorial Auditorium, Dal-
las, Texas, April 17-19. 

NON-LINEAR MAGNETICS SPECIAL TECH-

NICAL CONFERENCE, IRE-PGEC, PGIE, 
AIEE; Shorham Hotel, Washington, 
D. C., April 17-19. 

ADVANCE REPORT 
ELECTRONIC CIRCUIT PACKAGING SYMPO-

SIUM, University of Colorado, at the 
University. Boulder, Colo., Aug., 14-16, 
1961. Jan. 15 is the deadline for sub-
mitting three copies of a 500-word out-
line to: Sherman B. Sheffield, Bureau of 
Continuation Education, Room 352 Chem-
istry Building, University of Colorado, 
Boulder, Colo. Papers on overall circuit 
packaging techniques and on specific de-
signs are desired. Principal selection 
criterion will be the contribution to 
advancing the state-of-the-art of circuit 
packaging as applied in actual produc-
tion situations. 
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Patented In the U.S.A., No. 3,035,372; 
in Canada, No. 523,390; 

and in the United Kingdom, No. 734,583. 

November 30, 1962 

EsPeciatly Designed tor 
Rapid, easy Installation! 

CLEAR GLASS 
HERMETICALLY 
SEALED 

11111-11101AILI 
-0014 

013S 
Nel ISO OW 

HTW SERIES WINDOWS 
ARE AVAILABLE IN A 
WIDE RANGE OF SIZES 

STANDARD AMERICAN TAPER 
PIPE THREAD (NPT) 
FOR QUICK INSTALLATION 

Dimensions for HTW Series Sealed Windows (In Inches) 

PART NO. A B C o E F G  
HTW-1 .525 .687 .500 3/8 .125 437 5/32  
HTW-2 .675 .875 .562 1/2 .200 .562 3/16  
HTW-3 .825 1.062 .750 3/4 .200 .687 9/32 ' 
HTW 4 1.035 1.437 .812 1 .250 .875 1/4  
HTW-5 1.300 1.790 .875 1 1/4 .250 1.125 11/32  
HTW-6 1.635 2.000 .937 1 1/2 .500 1.468 3/8  
HTW-7 1.990 2.500 1 000 2 .500 1.687 7/16 

Ruggedly constructed and hermetically sealed for 

AIR CONDITIONING, REFRIGERATION AND HEATING EQUIPMENT 
ELECTRICAL AND ELECTRONIC AND PHOTO SENSITIVE DEVICES 
CONTROL AND OTHER SEALED OR PRESSURIZED MECHANISMS 

E-I sealed glass windows are designed for observing in-
ternal conditions in hermetically sealed mechanical, elec-
trical and electronic equipment. These windows are 
precision made to provide "space age" reliability ... fea-
ture super-rugged E-I compression seals that have been 
proven for utmost reliability in major missile and space 
projects. For complete data and recommendations on your 
particular requirements, call or write E-I, today. 

ELECTRICAL INDUSTRIES 
A Division of Philips Electronics ct Pharnutecutiml Industries Corp. 

MURRAY HILL, NEW JERSEY-Telephone: 464-3200 (Code 201) 
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"Ultra-Reliable" is a name that we have given to both a 
new program and a new potentiometer—after 31/2 years 
of evaluation. The program—unprecedented in its sever-
ity, thoroughness, and single-mindedness—has but one 
goal: reliability. The potentiometer—the first of its kind 
ever available—offers statistically verified reliability as 
its key advantage. 
Never before has a company reliability program been so 
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INTRODUCING 
A PROVEN BOURNS 

CONCEPT: 

ULTRAS 
RELIABILITY 
A METHOD NOW PRODUCING 

POTENTIOMETERS 
WITH STATISTICALLY VERIFIED 
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(Curves are based on a constant failure rate (Poisson distribution) 



comprehensively planned and implemented. Never before 
has a potentiometer undergone such relentless checking, 
sampling, screening, and testing. Selected personnel pro-
duce the units, working with small, rigidly controlled lots 
in a separate production area. And behind every potenti-
ometer is the Bourns record of reliability-15 years of 

participation in the most important programs of our time. 
If you want potentiometers that squarely meet the most 

THE EIGHT BASIC STEPS TO ULTRA-RELIABILITY 

1. START WITH HIGH INHERENT 

RELIABILITY 

Basis of the Ultra-Reliable Trimpot 
potentiometer is the familiar Trimpot 
Model 224. chosen because its advanced 
design offers the best inherent reliability 
and because it has the highest level of 
achieved reliability. 

2. ISOLATE PRODUCTION 
Ultra-Reliable units are produced inde-

pendently of all other Bourns potenti-
ometers to preclude the possibility of 
inadvertent use of standard line parts 
and to more effectively implement special 
manufacturing techniques and controls. 

3. KEEP PRODUCTION LOTS SMALL, 

CONTROL RIGID 

Each lot of approximately 240 units is 
numbered, and an individual number is 
printed on every finished product. In 
addition, each production order contains 
the inspection number assigned to indi• 
vidual lot quantities of the piece parts. 
By this means a trace can be made of 
all parts that comprise an Ultra-Reliablu 
unit. 

4. INCREASE Q.C. AND PIECE-PART 
INSPECTION 
All piece-parts undergo 100% inspeC• 

ton (plus audit inspection verification 

urgent demands of critical projects, you want Bourns 
Ultra-Reliable potentiometers. Complete acceptance test 
results accompany every shipment. Documentation of 
reliability as test verification progresses beyond 0.01% 

(FR/1000 hrs.) is sent to each customer on a quarterly 
basis. 

checks) and are tagged with an inspec-
tion lot number. Quality control is main-
tained at the installation of every part 
and throughout process and production 
operations. After in-process inspections, 
units undergo a pre-seal inspection, the 
first of three electrical test sequences. 

5. STEP UP TESTING, RAISE TEST 

STANDARDS 
Units undergo 100% screening under 
the following test conditions to prevent 
the possibility of "infant mortality": 

(a) High:temperature stability: 24 
hours at 175 -C-25" higher than max-
imum operating temperature. 

(b) Temperature cycling: two cycles 
from -65°C to +175°C-25° higher 
than maximum operating temperature.  

(c) Load-life burn-in: 50 hours at twice 
rated power.  

Upon satisfactory completion of these 
tests, all units are again electrically 
inspected. 

6. CROSS-CHECK WITH SAMPLING TESTS 
After the lot is sealed and Iras passed a 
third and final electrical inspection, it is 
impounded by quality control, subject to 
successfully completing a statistically 
representative acceptance test performed 
for vibration, humidity, and rotational 

cycling. Test samples are not released to 
stock; they are either discarded or used 
in extended testing. Failure of any unit 
under test condemns the entire lot. 

7. PACK AND SHIP UNITS INDIVIDUALLY 
Industry records show that component 
reliability is often impaired in handling 
and shipping. To provide maximum pro-
tection, Bourns packs units individually 
in padded shipping containers under sur-
veillance of quality-control, packaging, 
and shipping inspectors. 

8. RUN LONG-TERM TESTS 
Seven hundred units have completed 
a 10,000-hour load-life test with full 

power applied per MIL-R-19A (also some 
at 1/4 , 1/2 , twice, and three times rated 
power) to supply achieved-reliability data. 
Bourns also will soon make available 

wear-out curves for various power levels, 
high-temperature exposure, temperature 
cycling, and humidity. 

40-PAGE ULTRA-RELIABLE PROCUREMENT 

DOCUMENT AVAILABLE 
Ibis comprenensive document is all that 
the standard engineer needs to draft a• 

specification for an Ultra-Reliable poten-
tiometer, complete with all controls and 
call-outs. It is available upon request 
where you desire more specific informa-
tion for your application. Just write or 
call, and your personal copy will be deliv-
ered by a Bourns field engineer. 

SPECIFICATIONS -TRIMPOT® ULTRA-
RELIABLE POTENTIOMETER 

ULTRA  
'"..,RE'L !ABLE 
1-07280 ear • 

ACTUAL SIZE 
Element: Wirewound 
Resistances: 10011 to 20Kfl 
Power rating © 70°C: 0.5 watt 
Max. oper. temp.: 150°C 
Humidity: Meets MIL-STD-202, Method 

106 

AVAILABLE AS AN OFF-THE-SHELF ITEM 

FROM OUR PLANT IN RIVERSIDE, CALIF. 

For your personal, detailed introduction 
to this product, write for three-page 
brochure on the Ultra-Reliable Trimpot 
Potentiometer. 

7E3 OTJI3•T 

DOUR NS. INC., TR I MI POT DIVISION 
1200 COLUMBIA AVE.. RIVERSIDE. CALIF. 

PHONE 684-1700 • TWX, 682-9552 

CABLE: BOURNSINC. 

Manufacturer: Trimpot potentiometers; transducers for position, pressure, acceleration. 
Plants: Riverside, California; Ames, Iowa; and Toronto, Canada. 
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RELIABILITY SE VICES 
In the 1181M Ot yo Mg 

Utilize a single organization capable of planning and 
implementing all phases of reliability. 

United Testing Laboratories' reliability engineering staff, com-

plemented by extensive facilities, provides a total program capa-

bility — planning, organization, documentation, performance, 

analysis, interpretation, decision — United Testing Laboratories 
will perform tasks ranging from assistance in proposals through 

reliability determination and demonstration. 

Reliability objectives are accomplished at significant savings 

by proper planning and appropriate application of data obtained 

in all phases of development and testing. 

United Testing Laboratories offers these serv-

ices which are oriented to the specific require-

ments of the Department of Defense, NASA, and 

other major prime contractors. 

Call or write to the address nearest you. 
Test Facilities • Sunnyvale, Calif. (San Francisco Area), 150 Wolfe Road, RE 9-5900. 

• Monterey Park, Calif. (Los Angeles Area), 573 Monterey Pass Road, Cu 3-4168, 
• Alexandria, Va. (Washington, D.C. Area), 4416 Wheeler Ave., 836-7200. 

tel 
▪ 1! 
▪ dl 

UNITED TESTING LABORATORIES a division of United ElectroDynamics, Inc. NM 

A.C. OR D.C. SMALLEST 
VANEAXIAL BLOWERS 

Only PA" in diameter by a maximum 13/4 " long, these smallest 
blowers move 10 cfm of air against 0.6" H20 back pressure! 
Use these rugged sub-miniature blowers for spot cooling of 
critical components where space is cramped and weight is 
important. 

VAX-1 blowers operate on 26 v.d.c. or less, or 26 v.a.c., 
400 cycles. Weight is 1.4 ounces. Mounts with standard servo 
ring clamps. (Globe makes larger blowers also.) Request Bul-
letin XAV from Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio. 

GLOBE 

GLOBE 

INDUSTRIES, 

INC. 

o 
= 

D .6" 

.4' 

o .• 2' 

I-

C-  8 10 12 14 
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THE NEW 
SUPER 

WEE-DUCTOR 
An ultra reliable MOLDED 

SHIELDED r.f. subminiature 
inductor—available in inductances 

from 0.1 µH to 100,000 µH in 73 values. 

The SUPER WEE-DUCTOR is shielded for 
minimum coupling in high density packaging 

and has extremely low dc resistance. Only 0.410" 
long and 0.157" in diameter, the SUPER WEE-
DUCTOR meets all the requirements of MIL-C-
15305B (Amendment Cl), Grade 1, Class B, in-
cluding moisture and immersion resistance and 
operation from —55°C to +125°C. 

For complete engineering data, write Dept.WL-30, 
or phone 201-464-9300. All values available 
from stock. 

1Víri eta:v.1-c INC. 
550 Springfield Ave., Berkeley Heights, N.J. 

Design Leaders 
STANDARD components to meet CUSTOM requirements 
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Low Loss... 
omi erre, imieem 

11.111teml eîrtijeef LOW COST! cfaii 
JUST ONE CRIMP DOES IT! 
With all COAXICON* connectors you get simultaneous, 
one-crimp termination of inner conductor, outer braid 
and cable support. This exclusive AMP feature results 
in a more than 50% saving in applied costs over other 
solderless coaxial connector assemblies ... even more 

when compared to those applied by solder. The contacts 
are pre-assembled, furnished ready for attachment. This 
means no assembly costs resulting from time loss and 
production slow-ups. Add to this the low initial cost 
(priced lower than comparable coaxial equipment) and 
you have the most economical coaxial connections on 
the market ... by far! 

PERFORMANCE 
Price is nice, but what about quality? Test reports confirm 

minimum discontinuity up to 500 megacycles. At 500 
megacycles impedance mismatch is only 1.06 to 1.09. 
And with the plus feature of AM P's matching tool and 
terminal technique, you further insure reliability by 
eliminating human error, hit-or-miss connections, cold 
solder joints. 

THE STANDARD OF EXCELLENCE 

.000030" non-porous gold over .000030" nickel contact 

*Trademark of AMP INCORPORATED 

plating is standard with AMP This, combined with 
cantilever-beam contact retention springs, assures you 
of maximum conductivity, uniform contact pressures, 
longer insertion/extraction life. 

Choose from a wide range of COAXICON connectors— 
single-in-line, bayonet and threaded nut types; multiple, 
in a wide variety of configurations, including coax and pin 
and socket mixes. Standard, miniature and sub-minia-
ture contact sizes will handle a primary dielectric insu-
lation range of .040" to .146". 

Just add up the advantages: speed of application, lower 
initial and applied costs, low noise level, superior plating, 

wide selection. Then, put an AMP end to your coaxial 
connection problems. Get the complete story today! 

INCORPORATED 
Harrisburg, Pennsylvania 

AMP products and engineering assistance are available through subsi jaro companies in: Australia 
• Canada • England • France • Holland • Italy • Japan • Mexico • West Germany 
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SILICONE NEWS from Dow Corning 

To meet tough-spot specs 

For resilient protection, specify 
easy-processing Sylgard R 183 

Specify Sylgard 183, the new opaque solventless silicone resin, for 
embedding, potting, or encapsulating circuits or impregnating components. 
It is resilient . . . has excellent dielectric properties, heat stability and 
mechanical strength. 

Processing is simple with Sylgard 183. Blend it with a curing agent 
and pour it in place . . . it cures without exothermic heat to a tough, 
flexible, impervious jacket. Because of its low viscosity ... about the same 
as No. 40 engine oil . . . Sylgard 183 flows rapidly around the most 
intricate shapes. It cures in sections of unlimited thickness, and even in 
completely sealed assemblies. Curing time can be varied from four hours 
at 65 C (150 F) to only 15 minutes at 150 C (300 F). After curing, the 
material can be used immediately at temperatures from —65 to 250 C 
( —85 to 500 F). No post cure is required. 

Protection is assured because fully cured Sylgard 183 withstands heat, 
moisture, shock, vibration, ozone, voltage stress and thermal cycling 
over a wide range of temperature, frequency and humidity. This new 
Dow Corning resin is compatible with metals. plastics, glass, asbestos, 
ceramics, natural and synthetic fibers. and also with Dow Corning's 
transparent solventless casting resin, Sylgard 182, as shown above. When 
sealed components must be repaired or replaced, Sylgard 183 can be cut 

Dow Corning is your best source for a broad 
line of silicone fluids, gels, elastomers and 
rigid forms for potting, filling, embedding 
and encapsulating 

first in 

silicones 

away, repairs made, and new Sylgard 183 
poured in place. It bonds tightly to the 
original embedment. To cut application 
costs . . . and to assure recoverability of 
costly components ... specify Sylgard 183. 
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EFFECT OF TEMPERATURE ON 
ELECTRICAL PROPERTIES OF SYLGARD 183 

Measured at 10', 10' and 10' cps Using A 
Cardwell ER-50.F5 Capacitor 
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1 Minute at 500 Volts DC 

50 100 
Temperature, Centigrade 
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specify these silicones 
To package silicon diodes 

Mechanical strength and good dielectric properties at 
temperatures to 175 C minimum were requirements for the 
protective package needed by Motorola Semiconductor 
Products, Inc., for their new glass surface-passivated 
"Surmetic"* zener diode. The material specified is a 
Dow Corning Molding Compound developed for this 
application. It molds easily and quickly at temperatures 
and pressures that will not damage the semiconductor 
junctions . . . produces a void-free package that eliminates 
moisture and corona problems . . . doesn't soften when 
device leads are soldered . . . has withstood storage in air 
at 400 C and operating tests of 1000 hours at 200 C . . . is a 
big contributing factor to the high 175 C operating junction 
temperature rating of these Motorola "Surmetic" devices. A 
plus in military application: the Dow Corning Silicone 
Molding Compound will not flame. 
• "Surmetic" — a trademark of Motorola, Inc. 

CIRCLE 290 ON READER SERVICE CARD 

Silastic spurns corona 
Corona discharge can cause rapid insulation failure, but 
not when wire and cable are insulated with Silastic®, the 
Dow Corning silicone rubber. Samples subjected to over 
12,000 hours of this test, which creates a high concentra-
tion of ozone, show no signs of cracking or checking when 
flexed. Other important Silastic properties: flexibility 
and stability from —130 to 500 F; consistently high 
dielectric strength under adverse conditions; inertness to 
oxygen, many chemicals; resistant to water, vapor, steam, 
weathering; minimum deterioration due to age, thermal 
cycling, or exposure to radiation. 

CIRCLE 291 ON READER SERVICE CARD 

Laminates resist solder heat 
The heat needed to melt solder won't loosen terminals 
from silicone-glass laminates, even where complex wiring 
requires repeated soldering in small, confined areas. Long-
term heat resistance is also exceptional . . . up to 250 C 
continuous for years . . . much higher for short periods. 
In addition, silicone-glass laminates retain excellent di-
electric properties despite moisture, storage, environmental 
aging, changing ambients, and shock. They offer low loss 
factor, low moisture absorption, good resistance to arcing, 
corona, corrosion. Weight-strength ratios are high, and 
machinability, even in thin sections, is exceptional. 

CIRCLE 292 ON READER SERVICE CARD 

For detailed data on these silicones, contact 
Dow Corning Corporation, Dept. 3911, Midland, Michigan 
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Now Multiple PPI Displays Under 

High Ambient Light Conditions. •. 

With G E C Scan Converter 

With GEC's transistorized 6021 
Scan Converter, it is no longer 
necessary to look at rapidly decay-
ing PPI displays in dark surround-
ings. Any number of inexpensive 
TV monitors can be operated from 
one PPI source with controlled 
image storage time affording more 
reliable evaluation of displayed 
information. 

Readily tailored to your 
specific requirements through its 
plug-in functional modules, the 
6021 Scan Converter is capable of: 

• TRANSLATION of video 
information from one scanning 
mode to any other. 
•• *STORAGE and INTEGRA-
TION of video information. 
•••TIME-COORDINATE 
TRANSFORMATION for expan-
sion or reduction of bandwidth. 

Contact GEC for more in-
formation about conversion of radar 
PPI to TV, TV standards conversion 
or conversion of slow scan narrow 
band TV to standard TV or vice 
versa. 

Qualified electronic engineers are needed for work in the field of Scan Conversion. Address inquiries 
to Professional Placement Manager. An equal opportunity employer. 

. . . advanced electronics at work 

eee 
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GENERAL ELECTRODYNAMICS CORPORATION 

4430 FOREST LANE GARLAND, TEXAS • BROADWAY 6-11 6 
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HERE'S WHY FLUKE DC 
DIFFERENTIAL VOLTMETERS 
CHALLENGE COMPARISON 

* ACCURACY 
±0.0.1% 
0-500V DC 

* DURABILITY 

* LOW COST 
'895' FOB 

FLUKE MODEL 821A Now—for the first time—it is possible to obtain ±-0.01% accuracy 
with a differential voltmeter over a 0-500V DC range regardless 

of source impedance! Built-in rugged construction, plus the use of highest quality components and latest 
manufacturing techniques guarantee long, trouble-free operation. Through simplified circuitry and con-
servative design, factory selection of components is virtually eliminated insuring ease-of-maintenance 
... minimum down-time. Fluke instruments cover many applications such as: calibrating, testing, and 
stability measurements of regulated power supplies, DC voltmeter calibration, AC voltmeter calibration 
and precise AC voltage or current measurements when used with an AC/DC transfer standard. The 
John Fluke Mfg. Co. is the most experienced manufacturer of differential voltmeters—with over 18,000 
in use tor1',‘-' P'IV with confidence from the company that developed the differential voltmeter! 

PARTIAL SPECIFICATIONS: 

ABSOLUTE ACCURACY: _r0.01% of input voltage 
from 0.5 to 500V. +0.01% of input voltage plus 
10 microvolts below 0.5V. 

INPUT RESISTANCE: Infinite at null from 0 to 500V 

METER RESOLUTION: 5uv maximum; 1 MV full scale. 

CALIBRATION: 500V working reference supply cali-
brated against built-in standard cell. 

STANDARD CELL STABILITY: 0.003% per year. 

INPUT POWER: 115/230V AC ±-10%, 50-400 cps, 
60 watts. 

FEATURES: 
• Infinite resistance at null over entire 0-500V 

range • Polarity switch • Taut-band suspension 

meter • Standard cell reference • Recorder out-
put • In line readout with automatic lighted deci-
mal • No zero controls 

The complete FLUKE line of differential voltmeters offers 
a variety of test/measuring instruments to meet every 

application at minimum cost. Ask for a demonstration or 
write for detailed information. 

John Fluke Mfy. 
Company, Inc. 
Seattle 33, Wash 
Box 7428 PR 6-111 —Halls Lake TLX-852 

All prices FOB Seattle. Prices and data subject to change without notice. 

'FLUKE' ESTRUMENTS 

November 30, 1962 
CIRCLE 45 ON READER SERVICE CARD 45 



46 electronics 



AE's MM-22 military 
relay (2PDT, 3 amp.) 
shown actual size. 

MINIMUM FRICTION... 
ANOTHER REASON WHY 
AE'S MM-22 MILITARY 
RELAY APPROACHES 
ABSOLUTE RELIABILITY 
A new approach to armature retention has reduced friction to the point 
where the rotary armature virtually floats. 

As shown in the illustrations, the finely balanced armature rotates between 
two precision-ground stainless-steel ball bearings. The bearings are press-

fitted into the upper and lower phosphor bronze bearing sleeves and 
automatically located to the exact depth that assures the precise amount of 
end play for effortless motion. 

This close attention to the smallest details in the design of the MM-22 relay 

has resulted in a degree of reliability heretofore unattainable. For instance, 
AE MM-22's on miss test show contact resistance of less than 50 milliohms 
after 3.5 million operations. 

If your tests of microminiature sealed relays have shown an alarming 

probability of system failure, then the AE MM-22 is the answer to your 

problems. For more information, write for Circular 1999 to: The Director, 
Military Equipment Sales, Automatic Electric, Northlake. Illinois. 

The armature is made "free-floating" 
by the precise positioning of the ball 
bearings that support the armature 
pin. The adjustment is made auto-
matically on each individual relay so 
that the distance between ball bear-
ings is always the same. 

AUTOMATIC ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE &ELECTRON/CS GENERA)L grab 

SYSTEM 
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New Parametronic ARQ equipment requires 
much less power, no maintenance 

Mitsubishi Electric's TZ-3 ARQ equipment for multiplex telegraphy with automatic error 

correction employs a new electronic element called the parametron. This device enables 

the equipment to operate effectively on only one-fourth the power ordinarily required. 

Unlike regular equipment which depends on mechanical parts, vacuum tubes and semi-

conductors, parametronic ARQ equipment requires no routine maintenance and takes up 

only half as much space making possible considerable savings in installation and operating 

costs. For complete details on the technical specifications of parametronic equipment and 

its extensive capabilities, write: 

Ile\ MITSUBISHI ELECTRIC MANUFACTURING COMPANY 
Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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o 
o 

Tempo means aerospace 

programmer flexibility 

o 
From microseconds to months or years—with an infinite number of stops between 

—Tempo Programmers automatically trigger a series of events in precisely-timed, pre-

determined sequence. Modular construction provides flexibility to meet last minute 

changes in program requirements—a necessity for Quick-Reaction Projects. Count 

on—and receive— solid-state timing accuracy and reliability in your next project. 

TeMPO INSTRUMENT INCORPORRTeD Plainview, L. I., New York 
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Microwave, semiconductor and 
fast switching circuits with high 
density packaging, that hereto-
fore have been thought imprac-
tical or impossible to build 
because of their bulk or com-
plexity, are now successfully 
produced in TRI -PLATE Strip 
Transmission Line. D In bread-
boarding, packaging and quan-
tity production, what the 

concept of strip transmission 
promised, TRI-PLATE techniques 
deliver — they've made the 
concept a practical reality: 
TRI -PLATE circuitry provides 
packaging versatility to solve the 
most difficult problems. The 
broadband mono-pulse front end 
for S-band shown below contains 
nine hybrid rings, three chan-
nel step attenuators, three bal-

Compact 
packages 

made possible 
with 

Tri-Plate® 
techniques 

be impossible to achieve with 
conventional coaxial or wave-
guide techniques. o To help you 
speed the time from design to 
breadboard to prototype to pro-
duction with known character-
istics, there are more than 600 
TRI-PLATE Modules — including 
over 150 TRI-PLATE Mounts for 
standard and advanced semi-
conductor devices — available 
from Sanders. They let you test 
new circuit ideas — no matter 
how different or daring - 
with speed, ease and economy. 

anced mixers and six internally 
mounted 1N831 diodes in a 
multi-layer package of less than 
17 cubic inches. Engineered to 
conform to the customer's space 
and size requirements, it meas-
ures just 53/4 " in diameter and 
is less than 3/4 " thick. This is but 
one example of how TRI-PLATE 
circuitry makes possible high 
density packaging which would 

STRIP 
TRANSMISSION 

UNE 
Santl•re tne.. 

"""emtumitieemofflosome‘\ e 
F rrl 

You can go from paper schema-
tics to functioning circuits in 
just minutes to evaluate new 
design concepts. D And a system 
designed in TRI-PLATE Modules 
can be produced in quantity as 
an Integrated TRI-PLATE Pack-
age, with performance equal to 
if not better than that of the 
modular prototype, and with 
great savings in size and weight. 

o For more information about 
Strip Transmission Line and 
how TRI-PLATE Products have 
made it a practical reality, for 
the latest literature — includ-
ing specifications and prices — 
or for consultation regarding 
your specific requirements, 
write to Sanders Associates, 
Inc., Microwave Products Depart-
ment, Nashua, New Hampshire. 

®REG. S.M.; EXTENSIVE PATENT COVERAGE. SANDERS ASSOCIATES, INC. 

CREATING NEW DIRECTIONS IN ELECTRONICS AW 
SANDERS Tre-eu,ipgATEe STRIP TRANSMISSION LINE lid 
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GEMINI 1\111-‘b. ZEUS GE 

SPARROW DEW LINE AT 

AGENA NIKE HERCULES 

SATELLITE PROJECTS 

N ATLAS HAWK 

MINUTEMAN 

TELSTAR 

APOLLO 

MEPCO 

IKE 

UP 

TITAN' 

ADVENT 
MEPCO 

Ala•••••••• 

RESISTOR 
RF1 IABII ITV 

FOR SOPHISTICATED 

MILITARY SYSTEMS 

For more than a decade now, Mepco has been producing pre-
cision resistor components for Hi-Quality — Hi-Reliability military 
systems. The superiority of Mepco film resistors has been demon-
strated in extensive laboratory test programs and in monitored 
field installations where a failure rate of .0002% per 1000 hours 
has been proven. 

Mepco can be of assistance to you by supplying finished proven 
reliability specifications, a testing facility capable of performing 
all types of MIL environmental testing, and Hi—Rel sealed type 
carbon or metal film resistors. 

If your project includes high-reliability programming for resistor 
components, a team of Mepco high-reliability specialists will be 
glad to work with you in the development of standards. 

MEPCO, INC. MORRISTOWN, NEW JERSEY 
Manufacturers of Precision Resistors 



SEPTEMSER 
WEDNESDAY THURSDAY FRIDAY 

There are no "weak-ends" in. Avnet's 

delivery of Bendix Connectors. 

Your local Avnet headquarters supplements Bendix Scintilla by serving your 

emergency and prototype Connector requirements quickly and flexibly. Take 

advantage of Avnet's on-time delivery for your needs of Bendix Pygmy types 

PT and SP and other special types; Pygmy crimp types PTCE and PTSE; MS, 

MS-E, MS-R, QWLD, SR rack & panel. 

A call to your local Avnet stocking facility will prove that you needn't have "weak-

ends" in your delivery of Bendix Connectors. 

BENDIX 

AVNET 

AVNE TAVNET ELECTRONICS CORP. 

THE AVNET SYSTEM 
Men/Methods/Materials/Management 

LOS ANGELES, CAL, 213 UP 0-6141; SUNNYVALE, CAL., 
408 RE 6.0300; SEATTLE, WASH., 206 01 4-4911; PHOENIX, 
ARIZ., 602-273-1261; SALT LAKE CITY, UTAH, 801-487-7566; 
CHICAGO, ILL., 312 GI. 5.8160; WESTBURY, L. I., N. Y., 
516 ED 3-5800; BURLINGTON, MASS., 617 BR 2-3060. .1 
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INTRODUCTION 

For more than a decade everyone in our industry has been talking 

demanding it. But even a few years ago a high proportion of all 

RELIABILITY has been a concern of both manufac-
turers and users of electronic equipment since the begin-
nings of the electronics industry. Reliability is one sub-
ject about which everybody has an opinion and in which 

everybody considers himself to be expert. In the last 
forty years more has been said and written and more 
misinformation circulated on the subject of reliability 
than on any other subject in the field of electronics. Five 
years ago one could make the same observation about 
reliability that Mark Twain did about the weather: Re-
liability was something everybody talked about but no-
body did anything about. However, this state of affairs 
is changing rapidly. Reliability today is becoming as 
much a quantitative discipline as the design of band-

pass filters. 
In the popular conception, reliability is linked some-

how with quality. Moreover, both these attributes are 
somehow related in the level of dependable performance 

consumers have come to expect of a product. And fifty 
years ago nobody really knew what either quality or 

Modern statistics and probability 

permit assigning numerical 

reliability requirements. Even the 

term reliability is defined as 

a probability. Knowledge of 

failure frequency distributions and 

their parameters is essential 

in reliability prediction 

reliability was. Consumers would, however, have a feel-
ing that one manufacturer or artisan made a "good" 
product and others did not do so. In those days the 

consumer could rely only on the manufacturer's brand 
name or the artisan's reputation. 

QUALITY CONTROL—In the 1920's Walter Shewhart 
of Bell Telephone Laboratories made an important dis-
covery that put the control of quality—which will now 
be defined as the ability of a product to meet established 
specifications—on a scientific basis. Shewhart found that 
in repetitively manufactured products, some defects were 
purely random while others were attributable to certain 
definable causes. Furthermore, he found that modern 

statistics, then less than twenty years old, could be used 
to identify from small samples the attributable failures 
and that the corresponding sources of defects could then 

be eliminated or reduced. 
However, statistical quality control didn't really come 

into its own until World War II. Then a whole method-

FAILURE DISTRIBUTION—Assume that time is plotted 

as the abscissa of a chart and that the time base is 
divided into equal units. Then on the ordinate can be 
plotted the number of failures occurring in a given 

population of units within each segment of time. The 
result is a series of abutting rectangles called a failure 
histogram. A smooth curve may be drawn through the 
tops of the rectangles comprising the histogram and this 
curve can then be normalized in terms of percent failure 
of the original population. This results in a failure fre-
quency distribution f (t) that meets the criterion of a 

frequency distribution in mathematical statistics, namely 
that its integral from zero to infinity is equal to one. 

54 
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about reliability — manufacturers promising it, and customers 

military electronics equipment was inoperable at any given time 

ology of control charts and statistical procedures was 
brought to bear on products mass-produced for the 
Armed Forces. However, these techniques were still 
measuring only conformity to established specifications 
and nothing had yet been said about how well or how 
long the equipment would perform in actual service. 

Although industry had largely solved its quality-control 

problems, it had not yet come to grips with its reliability 
problem. 

At first the reliability problem was not too serious. 
When equipment failed, there were usually enough com-
petent technicians and spare parts around so that it could 
be repaired and restored to service in a reasonable time. 
However, in the late 1940's the complexity of electronic 

equipment increased almost exponentially. The electron-
tube complement of late-model equipment went from 
dozens of electron tubes to hundreds and even thousands. 
Meanwhile the electronics industry grew so rapidly that 
an acute shortage of engineers and technicians developed 

—a shortage plagues us even today. Thus by the early 

1950's a Navy survey showed that at any given time 70 
percent of all naval electronic equipment was inoperable 

and Army electronic equipment was just as bad if not 
worse.' 

BASIC APPROACHES--About this time there were two 
basic approaches to reliability. The first was set forth 
by Robert Lusser of the Army Ordnance Corps' Redstone 
Arsenal in Huntsville, Alabama. Lusser emphasized test-
ing equipment and components to destruction to analyze 
and understand the failure modes or means by which 
the items failed. Hopefully these failure modes could 
then be corrected by better engineeering design or im-
proved manufacturing technology. 
The second approach to reliability was set forth by 

the late R. R. Carhart of the Rand Corporation in Santa 

Monica, California. Carhart suggested a statistical 
analysis of failure data—an approach reminescent of 
Shewhart's approach to the quality-control problem of 
earlier times. 

OF RELIABILITY 
RELIABILITY FUNCTION—Now such a frequency 
distribution may be integrated point by point to form a 
cumulative frequency distribution F (t) or CDF. Mathe-
matically this is called a probability function and, in this 
case, the function is a plot of the probability of failure 
(Pr) as the ordinate against time as the abscissa. If the 
probability of failure is subtracted point by point from 
unity, the result is the probability of success (Ps -= 1 — 

Pr). And when this is done the resulting curve is called 
a reliability function, R = 1 — Q, where Q is the prob-
ability of failure (Pr) or the unreliability. 

This experimental work leads to a working definition 
of reliability: reliability is the probability that a unit or 

a part will perform its intended function under design 
conditions for a specified period of time. Also inherent 
in this statement is the definition of failure which is 

that a part or equipment fails to perform its intended 
function under operating conditions. Thus a drift in the 
value of a precision resistor is as much a failure as its 
burning out completely, while burning out a transistor 
when it is used far above rated load should not properly 
be considered a failure. 

EXPONENTIAL FUNCTION—When engineers began 
plotting failure distributions for electronic equipment, 
they found that most of the failure distributions for parts 
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EXPONENTIAL frequency distribution: failure frequency distri-
bution (A), cumulative frequency distribution or probability of 
failure (B), reliability function or probability of success (C) and 
failure rate (D)—Fig. 1 

already "burned in" or for equipment already "debugged" 
but still within its designed useful life took on the shape 
of a negative-exponential curve as shown in Fig 1A. Its 
failure frequency took the form 

1(1) = —1- exp [—(t/m)] 
ni 

where t is mission time and in is mean time between 
failures or MTBF. 
Mean time between failures is estimated by putting 

several equipments on life test under controlled condi-
tions and recording the operating time in hours until 
each one fails. When a unit fails, it is repaired and the 
time until it fails again is recorded. The average length 
in hours of these operating periods is an estimate of in 
and is called MTBF. 
When equipment or parts cannot be repaired, the 

operating time to each failure is recorded and the average 
length in hours determined. This quantity is sometimes 
called MTTF or mean time to failure. In both cases, 
these means estimate parameter in. 
The negative exponential failure frequency function 

integrates to 

Pf = F(t) = 1 — and reliability reliability is given by 

R P. = e- sim 

Figure IB is the cumulative distribution function and 
Fig. IC is the reliability function. 

NORMAL DISTRIBUTION—On the other hand when 
engineers plotted the failure experience with mechanical 
parts such as rotating machinery, they found the failure 
frequency distribution had the classical bell-shaped, nor-
mal or gaussian distribution shown in Fig. 2A. 
A normal failure frequency distribution function has 

the form 

1  f(t) = exp [ — (I — m)2/2c21 
tr.V2tr 

where sigma is the standard deviation and is estimated 
by random variable S where 

S2 ---- (11 — in)2/(n — 1) 

where t, is any operating period, ni is the MTBF and n 
is the number of operating periods. 
The gaussian CDF (Fig. 2B) is equal to 

Pf = F(t) = 

for which complete tables are available. And reliability 
(Fig. 2C) is simply 

R = 1', = 1 — Q = 1 — f (I) t 
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NORMAL frequency distribution: failure frequency distribution (A), probability of failure (B), reliability (C) and failure rate (D)—Fig. 2 

GAMMA frequency distribution: failure frequency distributions 
(A), reliability functions (B) and failure rates (C)—Fig. 3 

But there were some types of equipment whose failure 
experience would be fitted by neither the negative expo-
nential nor by the gaussian curve. So mathematicians 
looked for other functions to fit experience in such cases. 
They tried the gamma distribution illustrated in Fig. 3. 
And they tried the beta distribution. They achieved 
success in certain limited cases. 

WEIBULL DISTRIBUTION—Then they tried, with 

greater success, the Weibull distribution shown in Fig. 4. 
The Weibull distribution is a special case of the gamma 
distribution and includes parameters alpha and beta, 
known respectively as the scaling and shaping parame-
ters. Generally in reliability work alpha is set equal to 
one. Parameter beta corresponds to K in the gamma 
distribution. Now if beta is set equal to one, the negative 
exponential distribution results (Fig. 4A). And if beta is 
set equal to three or more the curve begins to approach 
the gaussian distribution (Fig. 4C). When beta is less 
than one, the distribution looks something like the nega-
tive exponential but has a much steeper dropoff (Fig. 
4B). The Weibull distribution has turned out to be 
extremely useful in reliability work. Corning Glass, for 
example, reports upon running failure tests on 29,000 
fixed glass capacitors for a total of 166 million test hours 
that a Weibull failure distribution results.' 

In the Weibull distribution 

where 

1(0 = adito-1) exp (—at) le 

m — a 
— ( fil ) ! 

FAILURE RATE—An important concept in reliability 

work is that of failure rate or lambda. Failure rate is 
defined mathematically as the integral of the failure 
frequency distribution taken from some time t to another 
time t ± h divided by the integral of the failure fre-

quency distribution taken from t to infinity. Quantity h 
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WEIBULL frequency distributions: failure frequency distributions (A to C), failure rotes (D to F)—Fig. 4 

is the basic unit of time, taken usually as one hour 

FR = = f.i(11 ,n /7 1(I) .11 
For the negative exponential distribution failure rate 

lambda turns out to be a constant and equal to 1/m; 
where in is estimated by MTBF. This is shown graphically 
in Fig. ID. Thus lambda may have the dimensions of 
failures per hour, percent failure per thousand hours 
(10-) or failures per million hours (10'). The constant-
failure-rate property of most electronic equipment makes 
it follow the negative exponential curve of failure fre-
quency distribution and forms the basis of the whole 
science of electronics reliability engineering as it exists 

today. 
The normal distribution leads to an entirely different 

and more complex situation. Here there is a constantly 
increasing failure rate, Fig. 2D. Again, the Weibull dis-
tribution gives a failure rate that depends upon the value 
of beta. Failure rate is increasing when beta is greater 
than one (Fig. 4F); it is constant when beta is equal to 
one (Fig. 4D); and it is decreasing when beta is less 

than one (Fig. 4E). 

BATHTUB CURVE—In plotting the failure rate of 
electronic equipment from the cradle to the grave, it is 

seen that the equipment follows the exponential or con-
stant-failure-rate curve during only part of its lifetime. 
But this part represents the useful life and consequently 

is the period that concerns us the most. Useful life is also 
known as the longevity, normal operating portion, poisson 
portion, and the random-failure portion as well as the 

constant-failure-rate portion. 
This failure-rate curve from cradle to grave takes on 

the classic bathtub shape that is basic to reliability engi-
neering. Fig. 5A. This bathtub curve is also characteristic 
in human mortality experience and there are three dis-
tinct regions. The first region is characterized by a de-

creasing failure rate, which would correspond to a Wei-
bull distribution with a beta less than one. This is known 
to engineers as the debugging phase. It is also called the 

early-failure portion or the infant-mortality portion of 
the curve. The other sloping side of the bathtub repre-
sents a constantly increasing failure rate and denotes the 
wearout phase of life during which a piece of equipment 
can be no longer economically maintained. It represents 
a gaussian failure frequency distribution. 

Going back for analogy to the human-mortality tables, 
for male Americans the infant-mortality phase of life 
effectively ends at about age thirteen, while the wearout 
phase begins at about age thirty-five. Electronic equip-

ment is characterized by a long useful life and this is 
what makes the exponential failure law so important in 
electronics reliability engineering (Fig. 5A). Mechanical 
equipment, on the other hand, is characterized by a short 
longevity (Fig. 58) and it may indeed be said that me-
chanical parts are from, the time they are manufactured, 
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DEBUGGING 
PHASE 

O 

USEFUL 
LIFE 

(A) 

WEAR—OUT 
PHASE 

BATHTUB failure-rate curve for electronic equipment (A) and 
for mechanical equipment (B)—Fig. 5 

embarked on a constantly accelerating journey to the 
scrap heap. 

FAILURE-RATE DATA—The key to reliability predic-

tion is the failure rates of the components making up 
electronic equipment. Much parts-failure-rate data has 
been collected in the last five years, although in some 
cases these data are today justly regarded as apochry-
phal. Generally, failure rates are expressed in percent 
failures per thousand hours or in failures per million 
hours. However, other scales are useful with special 
types of components such as batteries, where failure 
rates are expressed in failures per million charge/dis-
charge cycles or in relays where failure rates are given 
in failures per million cycles of operation. Table I lists 
different methods of reporting failure rates for special 
classes of components.' 

RELIABILITY CALCULATIONS--Use of the exponen-
tial failure law can be illustrated by a simple example. 
Given that an aircraft bombing-navigation system must 
demonstrate 90-percent reliability for a 10-hour mission, 
what should be the MTBF? 

R = exp 
m = 1/0.0105 = 95 hours 

If the reliability were to be 99 percent for a 10-hour 
mission, MTBF would have to be 1,000 hours. The 
valves given in Table Il help in reliability calculations. 

UNITS FOR EXPRESSING 

FAILURE RATES — TABLE I 

COMPONENT UNIT 

battery failures 106 
bolt, explosive failures 106 

connector failures 106 
magnetic amplifier failures '106 

Primacord failures 106 
Jato rocket failures 106 

relay failures 106 
switch failures 106 
socket failures 106 

cathode-ray tube failures/106 

charge-discharge cycles 
cycles of operation 
hours pin 
hours core 
cycles of operation 
cycles of operation 
cycles of operation 
cycles of operation 
hours pin 
hours, gun 

11111111111111.111111111111•1111MINI 

VALUES FOR RELIABILITY 

CALCULATIONS — TABLE Il 

e-x In x 

0.01 
0.02 
0.05 
0.07 
0.09 
0.10 

0.99005 
0.98020 
0.95123 
0.93239 
0.91393 
0.90484 

0.7 —10 + 9.643 
0.8 —10 + 9.777 
0.9 —10 + 9.895 
0.95 —10 + 9.949 
0.99 —10 + 9.990 
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LIFE TESTING 
The reliability of a small sample can tell a lot about what to 

expect from a production run if you analyze the data properly. 

New sequential testing techniques are gaining wide favor. But are 

we in danger of life testing ourselves into national bankruptcy? 

In practice, the reliability of a class of equipment or 

component part is determined by life-testing samples 
selected randomly from a larger population. The act 
of making predictions about the behavior of a large 

population is known as statistical inference. Statistical 
inference does not tell how any given unit from a popu-
lation will behave but it does permit making a statement 
that, for example, 95 percent of the units in a popula-
tion will have a minimum MTBF of 200 hours. The 

interval from 0 to 95 percent is called the confidence 
interval. 

CHI-SQUARED DISTRIBUTION—In reliability testing 
another frequency distribution known as the chi-squared 
distribution is frequently useful. From a normal dis-

tribution with a mean iz and a variance Q.', n independent 
observations xt, . . are made and the so-called 
standardized variables computed 

= (x, —) / a 

X2 (n) = 142 

is called chi squared. Now if several values of chi 
squared are computed, the distribution of their appear-
ances f (e) can be plotted against values of chi squared 
to produce a frequency distribution function. The mean 
of the chi-squared distribution is n, the sample size, and 

the variance is equal to 2n. 
The negative exponential distribution is a special case 

of the more general chi-squared distribution with two 
degrees of freedom. (See Fig. 6A). In this application 
the term two degrees of freedom refers to a sample size 
of two used in deriving the chi-squared function. There-
fore, x2 (2 df) = 2t/m and for a random sample of life-
test results (t. t. • • •• 

xt (2n df) = 2n-i/m 

where us the mean of the sample times. Extensive tables 

of the chi-squared distribution are available. An ab-
breviated table is presented in Table 111. This table 
tabulates degrees of freedom against probability in per-
cent, which for this purpose corresponds to the con-

fidence level. 

The quantity 

PRACTICAL EXAMPLE—As an example' consider that 

five pieces of equipment are put on life test and the 
following results are achieved: 3, 5, 179, 229 and 204 
hours until failure. The first step is to estimate mean 
time betwen failures. This is estimated by 

2 tilt/ = 1,020/5 = 204 hours 
,-1 

Next, find the minimum true mean time between fail-
ures at the 95-percent confidence level. With a sample 
size of 5 there are 5 x 2 = 10 degrees of freedom. Since 
only the minimum true MTBF is sought the upper tail 
of the chi-squared distribution curve is selected. See 
Fig. 613. 
Note that the chi-squared distribution for 10 degrees 

of freedom begins to look a normal distribution (Fig. 
6A). Looking at Table III, x2 for 10 df at the 95-per-

cent confidence level corresponds to x2 = 18.3. 
A probability equation may now be set up stating that 

the probability is 95 percent that chi squared is greater 
than or equal to 0 and less than or equal to 18.3. Re-
calling that 

and 

2nr 2,010 
x- 

2,040  
Prob (0 5 5 18.3) -- 0.95 

Prob (111.5 .5_ m op) = 0.95 

This means at the 95-percent confidence level, the mean 
time between failures is at least 111.5 hours. 
To determine the reliability of the equipment for a 

mission time of 50 hours R = exp (-50/111.5) = 0.638 
or a reliability of 63.8 percent. If, however, the MTBF 
must be known with 99-percent confidence then we can 
state only that minimum MTBF is 88 hours and the 
reliability for this particular application is 56.7 percent. 

POISSON DISTRIBUTION—The problem of reliability 
testing can also be examined from the point of view of 
the poisson distribution. The poisson distribution is a 
discrete distribution as opposed to continuous distribu-
tions such as the exponential, normal or chi squared. It 
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RELIABILITY test of transistors at Raytheon's Mountain View, Calif. plant 

FRACTILES OF CHI-SQUARED 

DISTRIBUTION — TABLE III 

DEGREES OF PROBABILITY IN PERCENT 
FREEDOM 90.0 95.00 99.0 

2 4.61 5.99 9.21 
4 7.79 9.49 13.3 

6 10.6 12.6 16.8 

8 13.4 15.5 20.1 
10 16.0 18.3 23.2 

CHI-SQUARED distributions for 2, 5 and 10 degrees of freedom 
(A) and chi-squared distributIon showing one-tailed test at 95-
percent confidence level (B)—Fig. 6 
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minimum of 600 hours of operation without failure must 
be achieved but this only gets into the accept region. 
The test would have to continue at least 1,800 hours be-
fore any decision could be made to accept or reject the 
equipment. 

INDUSTRY EXPERIENCE—Today most major mili-
tary contracts have numerical reliability requirements and 

The proof of the pudding may indeed be 

in the eating but the electronics 

engineer can make a good estimate of 

the reliability of a circuit before 

it even gets to the breadboard. 

The key to design of reliable circuits 

is to know your basic components welt 

SAMPLE RELIABILITY CALCULATION 

capacitors 3 x 0.01 = 0.03 
diode 1 x 0.20 = 0.20 
joints 22 x 0.008 = 0.18 

potentiometer 1 x 0.25 = 0.25 
resistors 6 x 0.25 = 1.50 
solenoid 1 x 0.05 = 0.05 
switch 1 x (negligible) 

transistors 2 x 0.50 = 1.00 
3.21 x 150 = 481.5 

MTBF = 106/481.5 = 2,077 hours 
R = exp (-200/2,077) = 0.908 = 90.8 percent 

provide for tasks to be performed by contractors. Much 
of the accepting testing done today is done to Agree 
standards. But the first implementation of the Agree test-
ing procedures was done at Hoffman Electronics.° The 
firm contracted to manufacture 10,000 airborne Tacan 
navigational transceivers model AN/ANK-21C for the 
Air Force. Hoffman had already made 3,000 Tacan 
airborne sets for the Navy to conventional specifications. 

Despite the recent emphasis on testing both in reliability 
and quality control work, an astute observation credited 
years ago to some unknown quality-control engineer still 
holds true: "You cannot make a Ford into a Cadillac 
by inspecting it." The truth about reliability is that it 
must be built into a part, circuit or system from the 
beginning. Unless reliability is designed into a unit no 
amount of inspection, repair or modification will gain 
back the lost opportunity of making a reliable unit in 

the first place. 
Fortunately, the constant-failure-rate characteristic of 

most electronic components makes it possible for the 
engineer to estimate the reliability of a proposed system 
before it ever conies to the breadboard stage, and in many 
cases, a quantitative estimate of reliability must be part 
of a bid for a government contract. 

INITIAL ESTIMATE—An initial reliability estimate for 
electronic products can be made by merely counting the 
number and type of active elements in the product and 
specifying the environment in which it will be operated. 
This can be accomplished using the chart of Figure 9.7 
The chart is applicable to any heterogeneous equipment 

with at least 10 active elements. Active elements include 
electron tubes, transistors, relays, capacitors and diodes. 

This initial estimate is, however, only the first step in 
reliability synthesis. The next step is to determine the 
reliability of the equipment circuit by circuit using the 
failure rates of each component. When two components 
are in series in a reliability sense, their total reliability 
is the product of the two reliabilities. Consequently, their 
combined failure rate is the sum of their two failure 

rates. Figure 10A illustrates this concept. The term series 
is used here in a reliability sense not in a circuit-analysis 
sense. Two components of a circuit are considered to 
be in series as far as reliability is concerned if the failure 
of either component will cause the circuit to fail. 

CIRCUIT ANALYSIS—Figure II is a simple transistor 
control circuit for which it is desired to estimate reli-
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RELIABILITY test of transistors at Raytheon's Mountain View, Calif. plant 

FRACTILES OF CHI-SQUARED 
DISTRIBUTION — TABLE III 

DEGREES OF PROBABILITY IN PERCENT 
FREEDOM 90.0 95.00 99.0 

2 4.61 5.99 9.21 
4 7.79 9.49 13.3 
6 10.6 12.6 16.8 
8 13.4 15.5 20.1 

10 16.0 18.3 23.2 

CHI-SQUARED distributions for 2, 5 and 10 degrees of freedom 
(A) and chi-squared distribution showing one-tailed test at 95-
percent confidence level (B)—Fig. 6 
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POISSON distributions for a equal to 0.7 (A) and for a equal to 3.3 (B)—Fig. 7 

is used to perform probability studies on events that occur 

infrequently. Two poisson functions are illustrated in 
Fig. 7. 

Suppose a piece of equipment is observed for a long 

period of time. And this period of time is then divided 
into many smaller time periods of equal length. A count 

is made of the time periods in which no failures are ob-
served, in which one failure is observed, two failures and 
so on. Then these data are normalized with respect to 

the total number of time periods observed and the prob-
ability of failure plotted against x, the number of failures 

in a given time period (0, 1, 2, . . . n). 
The poisson distribution function is defined as the 

probability of x failures occurring in a time period 0 to 

t„ that is 

p (x) = e-' &ix ! 

where a = i/m. When x = 0 this represents the prob-
ability that no failures occur in the test interval. 

In the poisson distribution, as in all discrete frequency 
distributions, the cumulative frequency distribution or 
probability function is derived by summation rather than 

integration. This is to say, adding up the probabilities of 
no failures in the unit time period, one failure, 2 failures 
and so on. This summation, of course, is equal to unity, 

which fulfills the requirements of a probability function. 
In determining confidence levels in the poisson situa-

tion, work with a chi-squared distribution having (2x 
2) degrees of freedom. In this case, chi squared equals 

quantity 2A. 

CALCULATION—As an example:' find how long a 
piece of equipment must be run on test without failure 
to demonstrate at the 95-percent confidence level a re-
liability of 99 percent or greater for a two-hour mission. 

Reliability is given by 

R = exp (—i/na) 

and 
0.99 = exp (-2/m) or in = 200 hours MTBF. A prob-

ability equation is set up to determine A, the poisson con-
stant, equal to thn, such that 

Prob (0 a .«_5 A) = 0.95 

Since this is a poisson case and there is to be no fail-

AGREE TEST ENVIRONMENTS — TABLE IV 

ENVIRONMENT 

LEVEL OF SEVERITY 
H X 

Temperature 25 71-- 5°C 

Vibration none 

40 ± 5°C cycled cycled 
—55 to 55 C —65 to 70°C 

25 ± 5 cps same as M same as M 
± 1/32 in. max 

amplitude 

Input Voltage nominal max permissible same as M same as M 
+0, —2% 

Three hours on plus long enough to stabilize at both 
high and low temperatures by actual measurement 
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Y = HOURS OF TESTING 
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3 
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X 

Y = 1386.3X-1049.4 

Y:1386.3X + 573.6 

500 

(B) 

SEQUENTIAL TESTING setup for AGREE testing (A) and results of example given in text (B)—Fig. 8 

ure within the time period studied, x = 0, consult Table 
III to find the 95-percent confidence level with two 
degrees of freedom. Here chi squared = 5.99 and con-
stant A = 3. The probability equation becomes 

Prob (0 5 t 200 - 5 3) - 0.93 

which requires a test time t of 600 hours. If this test 
is to be conducted at 99-percent confidence level, test 
time t = 1,842 hours or 77 days. 

SEQUENTIAL TESTING—One of the most important 
developments in the field of reliability testing was the 
report of the Advisory Group on Reliability of Elec-
tronic Equipment, or so-called Agree Report, published 
in 1957.' One portion of this report recommends stand-
ards for acceptance testing of electronic equipment based 
on the technique of sequential testing. The Agree Report 
recommends four levels of severity of environment: L, 
M, H and X corresponding to low, medium, high and 
extra high. These environments include operation at 
elevated ambient temperatures, which may involve tem-
perature cycling; operation under conditions of vibration; 
varying input voltage; and on-off cycling. The environ-
mental requirements of the Agree Report are shown in 
Table IV. 

In sequential testing a chart is set up in which the 
number of failures x is plotted as the ordinate and test 
time y is plotted as the abscissa as shown in Fig. 8A. 

The xy plane in the first quadrant is divided into three 
regions by two parallel lines of positive slope.' The lower 
line is called the accept line; the upper line is called the 
reject line. The three regions are called the accept region, 
continue-to-test or continue region and reject region. The 
equation of the accept line is 

y = (In k/C)x - (In B/C) 

The equation for the reject line is 

y = (ln k/C)x - (In A/C) 
where A = (1 - tIt)/a 

B = 13/(1 - a) 
k = Ti/T2 

and C = (1/T2) - (1/n) 

Quantity a is defined as the producer's risk. This is the 

risk of incorrectly rejecting a good item because of an 
unfavorable test report. Quantity /3 is defined as the con-
sumer's risk or the risk of incorrectly accepting a poor 
item because of a good test report. Factor T, is the con-
tract mean time between failures, while T3 is the minimum 
acceptable MTBF. The contract usually establishes T3 
and p; the manufacturer may then select T, in accordance 
with the test plan he is going to follow and frequently 
sets a equal to p. Two common test plans are in use: 
the 2/1 plan and 3/2 plan. 
The first plan implies a T,/T, ratio equal to two. This 

is the loosest requirement recommended in the Agree Re-
port. In a 2/1 plan, the manufacturer can truncate the test 
even if still in the continue region at 14 times MTBF or 
TI. However, a 3/2 plan is often required and in this 
case, he can truncate in the continue region only after 

33 times MTBF. In any event he must wait 3 times 
MTBF before making any decision to accept or reject. 

EXAMPLE—Consider the testing example given in the 
poisson case now carried out under the Agree test pro-
cedure. It is required to demonstrate an MTBF of 200 
hours. A customer wants to take no more than a 5-per-
cent chance of accepting a defective unit. In this work 
consumers' risk is equivalent to the confidence level of 
the test. 

Now the manufacturer must set T, equal to 200 hours 
and /3 equal to 0.05. Assume a 2/1 test plan and set T3 
equal to 100 hours. Let a equal 0.05 meaning the manu-
facturer will take no more than a 5-percent risk of fail-
ing to ship an acceptable unit. In this example 

A = (I - /3)/a = 19 
B = 0'(I - a) -= 0.053 
K = T1/7'2 = 2 

and C = (1'n- ur,) = 0.005 
The equation for the accept line is therefore 

y = 1,386.3.r ± 573.6 

The equation for the reject line is 

y = 1,386.3.r - 1,049.4 

These lines are plotted in Fig. 8B. 

The results illustrate the severity of Agree testing. Note 
that under these conditions, as in the poisson case. a 
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minimum of 600 hours of operation without failure must 
be achieved but this only gets into the accept region. 
The test would have to continue at least 1,800 hours be-
fore any decision could be made to accept or reject the 
equipment. 

INDUSTRY EXPERIENCE—Today most major mili-
tary contracts have numerical reliability requirements and 

The proof of the pudding may indeed be 

in the eating but the electronics 

engineer can make a good estimate of 

the reliability of a circuit before 

it even gets to the breadboard. 

The key to design of reliable circuits 

is to know your basic components welt 

SAMPLE RELIABILITY CALCULATION 

capacitors 
diode 
joints 

potentiometer 
resistors 
solenoid 
switch 

transistors 

3 x 0.01 = 0.03 
1 x 0.20 = 0.20 

22 x 0.008 = 0.18 
1 x 0.25 = 0.25 
6 x 0.25 = 1.50 
1 x 0.05 = 0.05 
1 x (negligible) 
2 x 0.50 = 1.00 

3 21 x 150 = 481.5 

MTBF = 106/481.5 = 2,077 hours 
R = exp (-200/2,077) = 0.908 = 90.8 percent 

provide for tasks to be performed by contractors. Much 
of the accepting testing done today is done to Agree 

standards. But the first implementation of the Agree test-
ing procedures was done at Hoffman Electronics." The 
firm contracted to manufacture 10,000 airborne Tacan 
navigational transceivers model AN/ANK-21C for the 
Air Force. Hoffman had already made 3,000 Tacan 
airborne sets for the Navy to conventional specifications. 

Despite the recent emphasis on testing both in reliability 
and quality control work, an astute observation credited 
years ago to some unknown quality-control engineer still 
holds true: "You cannot make a Ford into a Cadillac 
by inspecting it." The truth about reliability is that it 
must be built into a part, circuit or system from the 
beginning. Unless reliability is designed into a unit no 
amount of inspection, repair or modification will gain 
back the lost opportunity of making a reliable unit in 
the first place. 

Fortunately, the constant-failure-rate characteristic of 
most electronic components makes it possible for the 
engineer to estimate the reliability of a proposed system 
before it ever conies to the breadboard stage, and in many 
cases, a quantitative estimate of reliability must be part 
of a bid for a government contract. 

INITIAL ESTIMATE—An initial reliability estimate for 
electronic products can be made by merely counting the 
number and type of active elements in the product and 
specifying the environment in which it will be operated. 

This can be accomplished using the chart of Figure 9.' 
The chart is applicable to any heterogeneous equipment 
with at least 10 active elements. Active elements include 
electron tubes, transistors, relays, capacitors and diodes. 

This initial estimate is, however, only the first step in 

reliability synthesis. The next step is to determine the 
reliability of the equipment circuit by circuit using the 
failure rates of each component. When two components 
are in series in a reliability sense, their total reliability 
is the product of the two reliabilities. Consequently, their 
combined failure rate is the sum of their two failure 
rates. Figure 10A illustrates this concept. The term series 
is used here in a reliability sense not in a circuit-analysis 

sense. Two components of a circuit are considered to 
be in series as far as reliability' is concerned if the failure 

of either component will cause the circuit to fail. 

CIRCUIT ANALYSIS—Figure 11 is a simple transistor 
control circuit for which it is desired to estimate reli-
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The Air Force, however, required a demonstrated mean 
time between failure of 150 hours and a longevity of 
2,000 hours. The tests were to be conducted at Agree 
testing level H and a confidence level of 90 percent. The 
contract required testing of 60 sets out of 1,000 sets 
manufactured each month. Total test time was to be 
3,150 hours with less than 20 units failing and no more 
than 6 failures in any one piece of equipment. 

CIRCUITS 

ability. The equipment of which this circuit is a part 
will be airborne. Mission time will be 200 hours. The 
first step is to list the number and types of components 
whose failure will cause the circuit to fail. Recall that 
a failure in reliability work occurs when a circuit no 
longer performs within design limits. This circuit con-
tains 3 paper Mylar capacitors, I silicon diode, 2 silicon 
amplifier transistors, a solenoid, a toggle switch, 6 carbon 
deposited resistors, a potentiometer and 22 printed-circuit 
solder joints. 

Now the failure rate of each type of component is 
determined from tabulated data and modified by use of 
environmental factors and by reference to derating curves 
if necessary. Then the failure rates are multiplied by 
the number of components of each type. All the failure 
rates are now added together since the assumption is 
made that all the components are in series in a reliability 
sense. 

At this point a major problem arises: namely that of 
component failure rates. There are many compendiums 
of component failure-rate-data, one of which is shown in 

abbreviated form in Table V. Note that there are three 
columns in Table V. Usually the middle column, repre-
senting a mean failure rate, is used and multiplied by 
an environmental factor greater than or equal to one. 
Some companies, however, select the higher failure rate 

INITIAL ESTIMATE of equipment reliability from number of ac-
tive elements—Fig. 9 

RELIABILITY SYSTEM configurations: series reliability (A), paral-
lel reliability or redundancy (B) and time-sequenced redundancy 
(C)—Fig. 10 

TRANSISTOR circuit used in example of reliability estimation— 
Fig. 11 

Tests run on existiug, Tacan sets by Naval Air Develop-
mental Center seemed favorable. Reliability calcula-
tions indicated a 210-hour mean time between failures. 
However, when sets produced to existing design were 
subjected to Agree testing, they proved to be below 
standard by almost an order of magnitude. This re-
quired extensive redesign of the sets and some original 
development work. 

z 105 2. 
4 w— gnu" =103 oz: zZ7_102 

10 10 102 103 104 105 NUMBER OF ACTIVE ELEMENTS 
FIG.9 

KEY: 
I. AIRBORNE (TUBE) 2. GROUND (TUBE) 3. AIRBORNE (TRANSISTOR) 4. SPACEBORNE (TRANSISTOR) 5. GROUND (TRANSISTOR) 

RT R1 X R2 
(A) 

IR 2  
FRT = FRI + FR2 

(B) 

R 3 
RT = 3R1 - 3R12 + R13 ( R1 = R2: R3 ) 

R1 

(C) R3  
RT= [31'0 - 2R13] R4 

FIG .I0 

R2 

R 2 =R 
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TYPICAL FAILURE RATE DATA—TABLE V 

COMPONENT FAILURES/106 HOURS 
Upper Mean Lower 

capacitor, paper Mylar 
diode, silicon 

joint, solder, printed circuit 
potentiometer, carbon deposited 

resistor, carbon deposited 
solenoid 

*switch toggle 
transistor, silicon, amplifier 

0.014 0.010 0.006 
0.250 0.200 0.150 
0.080 0.008 0.004 
0.750 0.250 0.100 
0.570 0.250 0.110 
0.910 0.050 0.036 
0.123 0.060 0.015 
0.840 0.500 0.310 

*failures per 106 cycles 

ENVIRONMENTAL 
WEIGHTING FACTORS — TABLE VI 

ENVIRONMENT K FACTOR 

Laboratory 
Ground 

Shipboard 
Trailer 

Rail 
Bench 

Aircraft 
Early Missiles 

Present Missiles 

1 
10 
20 
'30 
40 
60 
150 
400 

1,000 

PROCESSING DATA on power transistor life tests at Delco Radio div of General Motors 

and multiply by environmental factors less than or equal 

to one. However, much of the failure-rate information 
in use in our industry was derived under less-than-con-

trolled conditions. In fact, a lot of it represents nothing 

more than some engineer's informed guess. Moreover, 

several years of use in reliability engineering has had the 

I 0-2 

10-3 

10-4 

(A) 

150% RATED VOLTAGE 

100% 

50% 

(15 0.27 cc 

o 
o 

7, 0.027 
e 

ig 0.0027 

<Tr 

0.00027 
200  lO 25 50 

TEMPERATURE IN 

effect of canonizing much of this apochryphal informa-

tion. 
However, remembering that reliability synthesis from 

a circuit diagram is only an estimate and that its prime 

value is in identifying the most reliable of alternative 
ways of designing a circuit, existing failure-rate data 

50 100 
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of failure rate with storage temperature for power transistors—Fig. 12 
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IMPROVEMENTS DESIRED IN PARTS FAILURE RATES - TABLE VII 

Military Parts 

Typical Failure 

COMPONENT Rates at 70C 

70% Rated 

%/1,000 Hr 

TYPICAL FAILURE RATE REQUIREMENTS 

Minuteman 

Objectives 

%/1,000 Hr 

Estimated 

Midas Reqts 

%/1,000 Hr 

Estimated 

Polaris Reqts 

%/1,000 Hr 

Estimated 

Manned Space 

Vehicles 

%/1,000 Hr 

Transistors - Silicon 

General Purpose 0.1 0.001 0.0008 0.05 0.0005 

Diodes - Silicon 

General Purpose 0.075 0.001 0.0008 0.02 0.0005 

Capacitors 

Solid Tantalum 

Foil Tantalum 

Glass 

Paper 

0.5 

0.17 

0.006 

0.016 

0.001 

0.001 

0.0006 

0.0006 

0.0008 

0.0008 

0.0004 

0.0004 

0.06 

0.03 

0.001 

0.005 

0.0005 

0.0005 

0.0003 

0.0003 

Resistors 

Metal Film 

Wire Wound 
0.053 

0.23 
0.0004 

0.001 
0.0003 0.03 

0.0008 0.06 
0.0002 

0.0005 

does provide a valuable first approximation to reliable 
circuit design. 

ENVIRONMENTAL FACTORS-The next step in the 

reliability synthesis detailed in the editorial panel is to 
apply an environmental factor to the failure rate of the 
circuit. A list of environmental factors is given in Table 
VI." These are the so-called K factors used by the Martin 
Co. 

With the circuit under study the total failure rate 
comes to 3.21 per million hours. Multiplying this by a 

K factor of 150 for airborne equipment, the final failure 
rate is 481.5 per million hours. This corresponds to a 
mean time between failures of 2,077 hours. Putting this 
into the reliability formula yields a reliability of 90.8 
percent for a 200-hour mission. 

DERATING CURVES-An additional refinement may 
be had over the use of mean failure rate data by employ-
ing the so-called derating curves. Figure 12A is a typical 
failure-rate versus temperature curve for one type of 
capacitor.' This curve also takes into account the percent 
of rated voltage applied to the unit. In this way derating 
curves relate the failure rate to operating conditions for 
components that are particularly sensitive to certain envi-
ronmental factors. Figure 12B is a curve for resistors° 

derived from 1,000-hours test data and represents 60-
percent confidence estimates for the case in which failure 

is defined as a plus or minus 0.5-percent change in 
resistance. Figure I2C shows a curve of failure rate 
versus storage temperature for a type of power transistor. 

A detailed study of failure-rate data indicates a large 
amount of work remains to be done in component part 
reliability." Table VII compares a few existing compo-
nent-part failure rates with present and future require-
ments." An objective of seeking to improve parts failure 
rates by 2 or more orders of magnitude is not at all 
unusual. 

IMPROVING FAILURE DATA-Much work has been 
done in connection with the Minuteman components im-
provement program to derive failure-rate data based on 
laboratory experience under controlled conditions. Also 
the Electronic Industries Association is compiling a com-

pendium of parts failure rate data based on 100 billion 
hours of operating time: airborne, shipborne, ground and 
laboratory; 26 sources have contributed data on 61 basic 
components." 

An important factor in disseminating parts failure data 
is the Interservice Data Exchange Program (IDEP),' 
which collects and makes available part and component 
test results to eliminate redundant testing by military 
contractors. Only data first discussed with the parts 
manufacturer are circulated. 

As of June, 3,000 reports had been circulated and the 
number is increasing at the rate of 300 a month. As of 

June, 100 contractors were participating in the program. 
There are three offices: Army Ballistic Missile Agency, 
Huntsville, Ala. for Army missile contractors; Naval 
Ordnance Laboratory, Corona, Calif. for Navy missiles 
and Aerospace Corp., Los Angeles, for Air Force missile 
and space work. 
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Failure-rate data is essential to design of reliable circuits but much 

of the data available represents only someone's educated guess. However this 

situation is changing. The armed services are exchanging failure data and 

manufacturers have hit on the real answer: make it right the first time 
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INITIAL QUALIFICATION SAMPLE SIZES - TABLE VIII 

40% CONSUMER'S RISK 

Allowable Cum. Probability of Rejection 
Failures Unit Hr at 2.6 x Qualification Level 
c n (M level = 1%/1,000 hrl 

0 91,500 90.6% multiply unit hours 
1 202,000 96.7% for P (0.1%/1,000) 
2 310,000 98.7% level by 10, for R 
3 418,000 99.5% (0.01%/1,000) level by 
4 525,000 99.8% 100, and for S (0.001% 
5 630,000 99.9% 1,000) level by 1,000 

DISQUALIFICATION TEST - TABLE IX 

10% PRODUCER'S RISK 

Allowable Cum. Probability of Disqualification 
Failures Unit Hr at 2 x Qualification Level 
C n (M level = 1%/1,000 hrl 

0 10,600 19.02% multiply unit hours 
1 53,200 28.8% for P (0.1%/1,000) 
2 110,000 37.8% level by 10, for R 
3 175,000 46.1% (0.01%/1,000) 
4 243,000 53.5% level by 100, and 
5 315,000 60.1% for S (0.001%/1,000. 

level by 1,000 

ALLOWABLE DEFECTS 
IN SINGLE LOTS - TABLE X 

Allowable Defects 
(c) from 

Disqualification Table 

Allowable Defects 
Permitted in 

Single Lot Sample 

1 1 
2 1 
3 2 

2 
5 3 



COMPONENT RELIABILITY 

The problem of determining failure rates for electronic 
components has been studied closely by both government 
and industry. An answer to this question was suggested 
in the Darnell Report also know as PSMR-1 (Parts Speci-
fications Management for Reliability)." The new view 
of failure-rate data is that parts should be manufactured 
to specified failure-rate levels so that the designer may 
confidently use the manufacturer's failure-rate figures. 
Accordingly, provision has been made for component fail-
ure-rate levels from 1 percent to 0.001 percent per thou-
sand hours." These rates are designated by the letters 
M, P, R and S. There is also a provision for an L level 
if the current state of the art for a particular part is such 
that the existing failure rate is higher than one percent 
per 1,000 hours. 

INITIAL QUALIFICATION—A manufacturer must 
qualify initially at a desired failure-rate level at a 40-
percent consumer's risk. In doing this, a process produc-
ing a product whose failure rate is the qualification 
level is qualified at least 9 times out of 10 while a process 
producing a product whose failure rate is 2.6 times higher 
than the qualification level will fail to qualify at least 
9 times out of 10. Initial qualification sample sizes are 
given in Table VIII. Suppose a manufacturer wishes to 
qualify at level R and chooses the plan that allows one 
defect in his sample. For initial qualification he must 
log 20.2 million unit hours with only one defect (m = 
202,000 at level M x 100 = 20,200,000 hr). 

DISQUALIFICATION—Disqualification criteria is de-
rived with a producer's risk of 10 percent. A process 
producing a product with a failure rate of twice the 
failure-rate level will be disqualified at least 28 percent 
at the time. Table IX gives the disqualification sample 

sizes. If the manufacturer wishes to retain his qualifica-
tion at the R level, he must, on a continuing basis, log 
5.32 million unit hours with only one failure. Thus, 
if the specification to which the producer is supplying 
the products requires 1,000 hours of life testing and per-
mits no acceleration, he must test 5,320 parts with no 
more than one failure or suffer disqualification. If the 
manufacturer's product fails to pass these tests he can 
elect either to ship goods at a higher failure-rate level 
and presumably a lower selling price, or in the hope he 
can still qualify, to increase the allowable failures by 
taking a larger sample size. 

TEST CONDITIONS—In lot-by-lot testing, the sample 
size for each lot in any continuous series of 10 to 40 
lots must be equal. At levels L, M and P the lot sample 
size must be at least ia the disqualification sample size 
and in no case less than 10. At level R, the lot sample 
size must be at least 1/20 the sample determined for 

the disqualification sample and for level S at least 1/40. 
Table X relates allowable defects from the disqualifica-
tion table to allowable defects permitted in a single lot 
sample; thus even by increasing sample size the manu-
facturer can never outdo the damage done by having 
produced a single unreliable lot. 

Figures 13 and 14 are nomographs relating test time, 
failure rate, confidence level, and defect levels. Figure 
13 assumes no observed defects; Fig. 14 assumes one 
observed defect. Thus, assuming a test experience of 
10 million unit hours with one observed defect, Fig. 14 
shows this to correspond to a failure rate of 0.016 per-
cent per thousand hours at the 50-percent confidence 
level, 0.039 percent per thousand hours at the 90-per-
cent confidence level, and 0.095 percent per thousand 
hours at the 99.9-percent confidence level. 

The Electronic Industry Association's proposals have 
been completed and submitted to the military with respect 
to paper, solid tantalum and tantalum foil capacitors and 
fixed film and fixed composition resistors. Work is under-
way on several other classes of parts.' 

TUBE IMPROVEMENT—Meanwhile, the military is 
doing some work on its own with respect to setting 
failure-rate specifications for electronic parts." Noting 
that 70 percent of maintenance actions and spare parts 
usage by the Strategic Air Command is for electronic 
equipment, the Air Force recently contracted to purchase 
6AH6 vacuum tubes to a 1 percent per thousand hour 
reliability specification. A failure was defined to be a 
change in transconductance, variation in heater current, 
open or short circuit or any of seven other defects. 
Tests were to be conducted at 100 percent rated voltage 
and power and at 165 degrees C ambient. A lot was 
defined as one mount-line week or one Selex-machine 
run. The required sample size was 75,000 tube hours 
per lot meaning 75 tubes life tested for 1,000 hours each. 
Producer's risk set at 5 percent and consumer's risk at 
a 10 percent chance of accepting a lot having a failure 
rate of 7 percent per 1,000 hours. 
As a result of this work, the mean failure rate of 

reliable tubes decreased to 0.65 percent per 1,000 hours, 
sample size was raised to 110,000 hours and the yield 
from 85 to 95 percent. Field testing showed that the 
reliable tube produced no failures in 204,764 tube 
hours while conventional tubes of this type produced 
2 failures in 243,414 tube hours. 

MARKOV CHAINS—The advanced mathematical con-
cept of Markey chains has been used to extrapolate 
reliability predictions on components for which life-
test data is incomplete." Failure time is given as 
T = N e where E is a column unity vector and N is 
the fundamental matrix. Here N = (1 — Q)' where 
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/ is the identity matrix and Q is a submatrix of the 

Markov transitional matrix P 

P 
[1 
R Q 

where 0 is the null vector, R is a matrix containing transi-
tional elements that describes the process entering an 
absorbing state and Q is a matrix containing transient 
elements. The originator of this technique considered 
the design life as 20 units. He tested 3 elements for their 

design life then used 2-unit acceptance tests on the others. 
Of course, not all reliability problems in circuit design 

are solved by analyzing the schematic diagram. Reliable 
design is a result of continuing attention from the initial 
concept through breadboarding, prototype fabrication and 
manufacturing. It requires a constant feedback of 
information and a monitoring of engineering work 
through frequent design reviews. Many firms have 
set up a formal system of design reviews that bring to 
bear the experiences of many engineers upon a problem. 

MEASLES CHART—One example of a reliability tech-
nique applicable to equipment that has moved from the 
diagram to the hardware stage is the so-called measles 
chart." This technique is useful in the field, in the 
factory and on the test bench. As shown in Fig. 15, 
failures are indicated on the schematic diagram. A red 
dot shows a true failure, a green dot shows failure 
through a testing error, mishandling, or a failure asso-
ciated with the primary failure. In the example shown, 
an accidental grounding or loading of grid No. 1 of 
vacuum tube V, was found to be the reason for repeated 
failures. Accidental grounding removed the grid bias 

from the tube causing excessive plate current. 
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MEASLES CHART used to locate and diagnose reliability problem 
areas—Fig. 15 

SYSTEMS DESIGN 

It is not all component reliability or even circuit design but how the 

circuits work together that tells whether a mission is GO or not. Systems 

design includes many exotic techniques: group redundancy, majority 

logic, fail-safe design, time-sequenced redundancy—even self repair 

The formula for a series reliability has an analogy in the 
technique of parallel or redundant reliability." Group 
redundancy may be defined as the use of two or more 
components operating in parallel such any one fulfills 
system requirements. Should one component fail, the 
remaining members of the group can function ade-
quately." Thus parallel reliability provides an alterna-

tive path in case one path becomes inoperable due to a 
failure. 
Redundancy may be adapted on almost any level. 

Consider, for example, the bombing navigation system 
in the B-58 bomber, the model AN/ASO-42V." Here 
redundancy is provided by paralleling complete systems 
with identical spare units, by paralleling selected units 
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with rendundant replacements and by providing spare 
units to replace any of several units having similar func-
tions. Furthermore, the plan provides less accurate 
alternative methods of performing complex computations 
and uses self-sensing, fail-safe design techniques. 

BINOMIAL DISTRIBUTION—The formulas for par-
allel or redundant reliability are derived from the 
binomial distribution. The binomial distribution is an-
other discrete probability distribution like the poisson. 
The binomial distribution gives the probability of x sur-
vivals out of the population n. As in the poisson case, the 
probabilities are found from x = 0 to x = n, and the 
sum of survival probabilities from x = 0 to x = n is 
equal to 1. Probabilities given by 

n!  Prob (x survivals out of n) = Pz — p)"-' 
x! (n — x)t 

where p is the probability of survival or reliability of 
one unit. 

PARALLEL REDUNDANCY—Consider the block dia-
gram in Figure 10B. There arc 3 parallel units. As long 
as one unit survives the equipment will function. Each 
unit has the same reliability, which is to say, the same 
probability of survival 

= R2 = R3= p 

The binomial distribution for success of the mission is 
found by calculating the probability that one unit 
survives, two units survive and all three units survive. 
The sum of these probabilities is the probability of 
success of the mission or the reliability of the redundant 
system 

3X2X1  
3p — 6p2 3p3 1X2X1 

3X2X1 
2X 1 X-1- P2 (1 = 

3X2X1  
3X2X1 X1 

3p2 3pi 

1)3 

3p — 3p2 p3 
RT = 3Ri — 3/42 R13 

MAJORITY LOGIC—Figure IOC shows another type 
of redundancy that is called majority or voting logic. 
In this case there are three parallel circuits and a gate 
or voting circuit. To have successful operation, at least 
two of the three parallel circuits must survive as well as 
the voter. Therefore, the overall reliability of the system 
is the parallel combination of R„ R, and Rs in series with 
124. In this instance, parallel reliability is calculated using 
binomial distribution to find the probability of three cir-
cuits surviving and of two circuits surviving 

= R2 = R3 = p 
Prob (2 survive) = 3p2 — 3p3 
Prob (3 survive) = 

31e — 2p3 
RT = f3R12 — 2R131 

TIME SEQUENCING—A move complex situation oc-
curs where parallel circuits are time sequenced. Here two 
circuits are arranged in parallel, but only one carries 
the signal at a time. The second channel is not activated 
unless and until the first channel fails. The formula for 

time-sequenced parallel reliability is 

RT  2i1 =  
i-o i! 

where t is mission time, X the failure rate of each circuit 
since circuits are assumed to have equal failure rates, and 
n is the number of circuits. For the case of two paths 
only this formula simplifies to 

Ri. = RI (1 — ln R1) 

ON-AIR REPAIR—There is also the case in which the 
repairs can be made to equipment while it is operating 
and in this case reliability is given by 

n! Xrn t  RI' =   
(n — q — I)! ?if 

where n is the number of redundant circuits, q is the 
number of failures that can be allowed without causing 
system failure, u is the repair rate, which must be less 
than failure rate by a factor of 500 or more, and X 
is the failure rate.' 

Systems reliability work often involves advanced 
mathematics. One graphical method has been developed 
for solving for the reliability of a system that uses 
majority logic in which three out of four parallel circuits 
must operate and uses failure detecting and switching 
circuits. This method traces out all possible combina-
tions of subsystem performance of a hypothetical popu-
lation of 1,000,000 systems and determines how many 
successes result after attrition due to failure.' 

VALUE ANALYSIS—Monte Carlo techniques have 
been used in reliability studies. Given the reliability data 
for each system component, it is possible to determine 
the reliability of a multimoded system such as a radar 
with search, acquisition and track modes of operation." 
The method can influence systems design by indicating 
those components of a set that should have the highest 
reliability. The system yields MTBF for any system 
mode sequence, can evaluate equipment changes and 
compare and evaluate different tactical operations. 

Sometimes in systems reliability work it is convenient 
to look at the availability of a piece of equipment. Avail-
ability is defined as the ratio of total operating time less 
down time to total operating time and takes into account 
not only of the reliability of equipment but also of its 
maintainability. 

Studies of reliability from a value-engineering point 
of view have related availability to fire power in each of 
several configurations of a proposed weapons system. 
Possible improvements in reliability can then be evaluated 
in terms of resulting improvements in relative firepower 
and in terms of the cost of making these reliability 
improvements.' 

EQUIPMENT DESIGN—A recently designed f-m 
S-band receiver for use in space vehicles has been 
described that corporates several modern approaches to 
reliability. The equipment uses all solid-state components 
and is designed in modular form. It has a 96.3-percent 
probability of success in a one-year mission considering 
a 25-percent duty cycle and a 92.3-percent probability of 
success with a 50-percent duty cycle. 

Its noise factor is 12 db for all environmental life 
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SPACE TELEMETRY receiver embodying several reliability design concepts—Fig. 16 

conditions and its r-f center-frequency stability is plus 
or minus 0.003 percent over a temperature range of 
—40 to 80 deg C. The set weighs 13 lb and occupies 

290 cubic inches. The receiver makes use of both func-
tional and component reliability. Component reliability 
results from series-parallel connections used in the local 
oscillator, power regulating and filter circuits. Func-

Some engineers think that statistical 

techniques may have gone about as 

far as they can go. If so, we must 

now look to the solid-state physicist 

to tell us what really makes 

one part fail and another last forever. 

We have to know about radiation, 

how metals work together and 

what goes on inside crystal lattices 

tional reliability is derived from use of dual i-f amplifiers 
and discriminators. The receiver uses transistors having 
high h,,, and h,, cutoff frequencies to compensate for 
degradation of performance in the Van Allen radiation 
belt. The receiver is made up of 40 potted modules with 
welded grid-matrix wiring. The receiver's block diagram 

is shown in Fig 16. 

As reliability of electronic parts and equipment has im-
proved during the past decade, the job of the reliability 
engineer has become more difficult. Testing parts for 
their conformity to the stringent Minuteman failure-rate 
specifications or even to lower failure-rate specifications 
requires putting extremely iarge lot samples on life test. 

In equipment testing there may frequently not be 
enough units manufactured so that an adequate sample 
can be taken for life testing. This often means that an 
undue amount of time is required for reliability testing. 
In an industry that moves as fast as ours, the equipment 
may become obsolete before it is accepted. 

Furthermore, a substantial investment in time and 
equipment is required for reliability testing. All these 
problems are compounded as the military services de-
mand ever lower failure rates and ever higher confidence 
levels. One may reasonably inquire if we are not in 
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danger of life testing ourselves in this national bank-
ruptcy. The biggest problem in modern reliability engi-
neering today is to obtain trustworthy reliability data 
cheaply, conveniently and in the shortest possible time. 

The Markov-chain technique may be one approach to 
this problem. But it is too early to have much real con-
fidence in such a method. 

ACCELERATION—One of the earliest approaches to 
this problem was accelerated life testing. It is known 
that operating stresses such as voltage, current and fre-
quency and environmental stresses such as temperature, 
radiation, mechanical shock and vibration, moisture, and 
low air pressure compound a reliability problem. Ad-
mittedly, the useful life of a part or piece of equipment 
is related in some way to the operating and environ-
mental stresses to which it is subjected. The trouble is 
that no one has ever written a valid functional relation-
ship and who is then to say if 1,000 hours at 150 deg 
C is equivalent to 10,000 or 100,000 hours at 50 deg C? 

Generally, structural weaknesses, susceptibility to cor-
rosion and to arc-over at low atmospheric pressure can 
be determined by short-term testing under high-stress 
conditions. Furthermore, operating stresses and tempera-
ture can certainly be controlled for an accelerated life 
test." But a great deal of engineering experimentation is 
necessary to correlate life-test data taken at high operat-
ing stress and temperature levels to useful life under 
design conditions. This is doubly true in regard to radia-
tion environments. 

NUCLEAR RADIATION—Figure 17 illustrates that the 
semiconductor devices are indeed affected by nuclear 
radiation. But there arc many conflicting experimental 
results as to what this effect is. In one study silicon and 
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germanium diodes and transistors were exposed to radia-
tion after the conventional high-temperature stresses and 
operating life tests. After a dose of 3 x 10' roentgens it 
was found that forward and reverse currents decreased 

in silicon diodes but increased in germanium diodes." In 
another study, abrupt-junction silicon diodes for use as 
particle counters were radiated with 2 Nlev electrons to 
a total dosage 7 x 10" electrons per square centimeter. 
It was found that barrier-junction capacitance increased 
as much as 130 percent during radiation in high re-
sistivity diodes but did not noticeably increase in lower 
resistivity units.' 

NOISE ANALYSIS—There is a quiet ground swell of 
iaterest in correlating the noise of a device with failure 
experience. In one study of tin-oxide resistors it was 
found that although not all noisy resistors were poor 
performers, all resistors that failed early were abnormally 
noisy. Perhaps this line of investigation can be pursued 
further with other electronic parts.' 
The author has often noted intuitively that equipment 

that gives a good deal of trouble in the debugging phase 

frequently has a short MTBF during its operating life. 
However, no correlation studies have been done due to 
:he general lack of documented failure experience during 
debugging. 

The problems of life testing have lead many engineers 
to observe that statistical reliability studies may have gone 
about as far as they can go and that future improvement 
in electronic equipment and parts will result only from 

better understanding of the physical mechanisms of fail-
ure. On the surface this seems to imply a return to the 
Lusser philosophy of testing to destruction. However, 
today we are dealing with failures that occur very infre-

quently and there is a serious problem in getting sufficient 
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be enabled to meet the stringent parts-failure-rate require-

ments now coming into general use. 
On the systems level, the engineer has at his disposal 

many useful techniques among which are parallel 
redundancy, majority logic, time-sequenced redundancy, 
fail-safe circuit design, and provision for on-the-air 
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danger of life testing ourselves in this national bank-
ruptcy. The biggest problem in modern reliability engi-
neering today is to obtain trustworthy reliability data 
cheaply, conveniently and in the shortest possible time. 
The Markov-chain technique may be one approach to 

this problem. But it is too early to have much real con-
fidence in such a method. 

ACCELERATION—One of the earliest approaches to 
this problem was accelerated life testing. It is known 
that operating stresses such as voltage, current and fre-
quency and environmental stresses such as temperature, 
radiation, mechanical shock and vibration, moisture, and 
low air pressure compound a reliability problem. Ad-
mittedly, the useful life of a part or piece of equipment 
is related in some way to the operating and environ-

mental stresses to which it is subjected. The trouble is 
that no one has ever written a valid functional relation-
ship and who is then to say if 1,000 hours at 150 deg 
C is equivalent to 10,000 or 100,000 hours at 50 deg C? 

Generally, structural weaknesses, susceptibility to cor-
rosion and to arc-over at low atmospheric pressure can 
be determined by short-term testing under high-stress 
conditions. Furthermore, operating stresses and tempera-
ture can certainly be controlled for an accelerated life 
test." But a great deal of engineering experimentation is 
necessary to correlate life-test data taken at high operat-

ing stress and temperature levels to useful life under 
design conditions. This is doubly true in regard to radia-
tion environments. 

NUCLEAR RADIATION—Figure 17 illustrates that the 

semiconductor devices are indeed affected by nuclear 
radiation. But there are many conflicting experimental 
results as to what this effect is. In one study silicon and 

germanium diodes and transistors were exposed to radia-
tion after the conventional high-temperature stresses and 
operating life tests. After a dose of 3 x 10' roentgens it 
was found that forward and reverse currents decreased 

in silicon diodes but increased in germanium diodes.' In 
another study, abrupt-junction silicon diodes for use as 
particle counters were radiated with 2 Nlev electrons to 

a total dosage 7 X lOn electrons per square centimeter. 
It was found that barrier-junction capacitance increased 
as much as 130 percent during radiation in high re-
sistivity diodes but did not noticeably increase in lower 
resistivity units.' 

NOISE ANALYSIS—There is a quiet ground swell of 
interest in correlating the noise of a device with failure 
experience. In one study of tin-oxide resistors it was 
found that although not all noisy resistors were poor 
performers, all resistors that failed early were abnormally 
noisy. Perhaps this line of investigation can be pursued 
further with other electronic parts.' 
The author has often noted intuitively that equipment 

that gives a good deal of trouble in the debugging phase 

frequently has a short MTBF during its operating life. 
However, no correlation studies have been done due to 
the general lack of documented failure experience during 
debugging. 
The problems of life testing have lead many engineers 

to observe that statistical reliability studies may have gone 
about as far as they can go and that future improvement 
in electronic equipment and parts will result only from 
better understanding of the physical mechanisms of fail-

ure. On the surface this seems to imply a return to the 
Lusser philosophy of testing to destruction. However, 
today we are dealing with failures that occur very infre-
quently and there is a serious problem in getting sufficient 
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PURPLE PLAGUE or gold-aluminum corrosion in a transistor, (top right); one-hundred-percent short in transistor, Univac (lower right) 

FAILURE THERBLIGS — TABLE X1 

Adhere —cling or stick fast at interfaces 
Arc — electrical discharge through ionized gas 
Backlash — lost motion in mechanical movement 
Bind — hinderence in mechanical movement 
Brinnel — indentation of surface 
Carborize — destructive distillation of organic substances out of 

contact with air 
Chafe — unwanted rubbing with friction 
Contaminate — render unfit by adding foreign substances, particles or 

coatings 
Deform — change in form of design feature due to stress 
Distort — change in signal characteristics 
Drift — change in operating parameters due to change in material 

characteristics 
Fracture — break, part or whole 
Leak — loss of energy through imperfect seal or insulation 
Noisy — signal disturbances, random 
Open — discontinuity of circuit, flow path or equipment interface 
Short — path of low resistance shunting a high resistance 
Unstable — fluctuation of strength level related to energy acceptance 

and stress generation 

failure experience to analyze and identify physical failure 
modes. However, a good deal of work on the physics of 
failure is presently underway. 

FAILURE MODES—Table XI lists seventeen failure 
therbligs, so named analogy to the basic work motions 
categorized by Dr. Lillian and the late Major Frank Gil-
breth. It is proposed that a symbol be assigned to each 
block of the success diagram and that boolean algebra 
be used to develop a success or failure model. This cate-
gorizing of failure modes may also be useful in assigning 
failure rates, determining and studying alternate con-
figurations, and as a first step in fail-safe analysis." 

MESAS AND PLANARS—Most failure-mode studies 

today deal with semiconductor components although 
some work concerns newer electron tubes such as the 
traveling-wave tube where special emphasis is attached 
to maintaining a hard vacuum to avoid cathode deteriora-

tion, catastrophic arcing and beam spreading.' One semi-
conductor study concerned new type mesa and planar 
transistors. In one example, the first samples of a mesa 
failed 100 percent on environmental test. The failures 
were found to be in the thermal compression bonds. In 
some cases the lead whisker had been almost cut through 
by the bonding tool. In other cases, the whisker lifted off 
the junction and sometimes a brittle gold-silicon eutectic 
formed. Other failure modes proved to be surface con-
tamination, leaks in cans or glass-to-metal seals, junction 
degradation by uneven diffusion, foreign particles in the 

can and detachment of the chip from the header in planar 
units." 

In another study, trouble with thermal compression 
bonds turned out to be caused by overlaying the bond 
with heat-sensitive lacquer. When the lacquer expanded. 

the whisker lifted off the die. Of course, some of the 
failure modes lie in the test procedure, as in the case 
where a transistor was being 100 percent rejected because 
someone was putting npn units into a pnp test set.33 

POWER TRANSISTORS—Considerable work has been 
done in studying failure modes of germanium power 
transistors. One investigator found that burn through or 
punch through caused by melting or vaporizing of ger-
manium is the highest single cause of failure. Failure 
rates for power transistors were seen to increase almost 
exponentially with voltage or temperature. The rate 
doubles for every 10 deg C rise in temperature and in-

creases 21/2  times for every 10 volts of collector voltage.' 
Secondary collector breakdown causes a collector-to-

emitter short circuit and occurs in a region a few mils 
in diameter extending through the germanium wafer. 
When secondary breakdown occurs, an increase in col-
lector to emitter voltage at first causes only a slight in-
crease in collector current but more applied voltage 
causes the actual collector-to-emitter voltage to decrease 
as the current avalanches and is limited by only a very 

small resistance.' 
The internal moisture problem in power transistors 

has been attacked by use of hermetic seals and by using 
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BURN THROUGH in a ¡unction power transistor, Delco 

dessicants such as molecular sieves or getters of BaO or 

Al,(S0,)3. Poor hermetic seals can cause breathing 
of the unit. 

Modern circuit design has largely done away with 
the problem of thermal runaway and devices are stable 
to 125 deg C or higher but above 150 deg C, indium 
melts and in some units this can cause short or open 
circuits.'° 

Studies have been done on silicon power transistors 
to determine why hot spots occur. These areas with di-
ameters of 100 microns may attain temperatures of 300 
deg C. The current density buildup in hot spots causes 
localized alloying or diffusion resulting in eaply failure 
of the device." 

Some workers feel that crystal in dislocations are at 
the root of many semiconductor problems. These dis-
locations enhance diffusion causing doping inhomogeni-
ties and can result in emitter-to-collector shorts or weak 
spots in base layers. Furthermore foreign metals precipi-

tate at these dislocations causing softness in p-n junc-
tions." 

TUNNEL DIODES—In tunnel diodes, motion of ions 
has been detected in the strong electric fields of de-
generate p-n junctions. Under these conditions additional 
band-gap states are introduced, the transition region 
widens, and the probability of tunneling diminishes." 

THIN FILMS—Reliability studies have turned to thin-
film devices in anticipation of future developments in 

the components field. One study involved thin-film 
metal-electrode to glass-dielectric interfaces, semicon-
ductor-resistance-film to substrate interfaces, and metal 
film to anodized-oxide interfaces. Structural defects 
found in dielectrics were due in part to chemical and 
mechanical interaction at the electrode-dielectric inter-
face and diffusion of the electrode material into the 
dielectric. Contamination of semiconductor films from 

their substrates and structural defects in the films due to 
thermal and structural properties at the interface were 
also revealed.' 

SUMMING UP—Interesting as all these physics of 
failure studies are, they are as yet of little help in design-
ing reliable equipment. However, that they are being 
done is in itself an important fact. Reliability engineer-
ing cannot forever remain wedded to statistical tech-
niques. On the other hand neither does the solid-state 

physicist offer any panacea for all the problems of relia-
bility. The truth is that the battle for reliable electronic 
equipment must be fought on many fronts. 
The formalized program for parts reliability inspection 

at the factory will in time provide circuit designers with 
trustworthy failure-rate data from which they can make 
valid estimates of circuit reliability and choose the best 
alternate design for the circuit based on intelligent 
trade-offs between cost and reliability. 

Studies of the physics of failure will permit the parts 
manufacturer to better understand the materials he works 
with and the production processes he uses and thereby 
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be enabled to meet the stringent parts-failure-rate require-

ments now coming into general use. 
On the systems level, the engineer has at his disposal 

many useful techniques among which are parallel 
redundancy, majority logic, time-sequenced redundancy, 
fail-safe circuit design, and provision for on-the-air 

repair and maintenance to be performed either manually 
or automatically.".". As yet only first approximation solu-
tions are available for most practical systems reliability 
problems. However, much work is being done in this 
area and modern mathematical techniques are making 

important inroads. 
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Resistor X-rays in the frontispiece of the report 

were made by International Resistance 
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Which cable has the 

BeIcilloir? 

Both shielded cables have the same number of twisted pairs with 
identical AWG. But . . . the cable with exclusive Belden BELDFOIL 
is smaller in diameter. 

What does this mean to you? It means that when you specify 
BELDFOIL, you are really buying extra space—extra conduit space, 
extra raceway space, extra console and rack space. 

A new development by Belden —BELDFOIL shielding is 100% effec-
tive. It is a major development in quiet cables. BELDFOIL eliminates 
crosstalk and is superior for statipnary or limited flexing at both 
audio and radio frequencies. 

BELDFOIL shielding is a lamination 
of aluminum foil with Mylar which 
provides a high dielectric strength 
insulation that is lighter in weight, 
requires less space, and is usually 
lower in cost. For multiple- paired 
cables, with each pair separately 
shielded, the Mylar is applied out-
side with an inward folded edge." 
This gives 100% isolation between 
shields and adjacent pairs. 

For complete specifications, ask your Belden electronics jobber. 

*Belden Trademark 
Reg. U. S. Pat. Off. 

**Patent applied for 

8-5-0 

Belden 
WIREMAKER FOR INDUSTRY 

SINCE 1902 
CHICAGO 

power supply cords • cord sets and portable cordage • electrical 

household cords • magnet wire • lead wire • automotive wire 

and cable • aircraft wires • welding cable 
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The chart above shows a circuit failure rate of about 0.13% 
per 1000 hours at 85° C. Use of acceleration factors deter-

vD1 

mined through test data would give an approximate circuit 
failure rate of 0.02% per 1000 hours at room ambient. 

First Report Issued on Reliability of 
1vi wateurr* Semiconductor Networks 

Texas Instruments has just pub-
lished a 50-page report, com-
prehensively covering tests on 
Series 51 SOLID CIRCUIT semi-
conductor networks. A total of 

365 of these micro-electronic de-
vices manufactured during the 
fourth quarter of 1961 and the 
first quarter of 1962 were placed 
on environmental tests, life tests 
and step-stress tests. Here is a 
summary of the test results: 

ENVIRONMENTAL TESTS: The en-
vironmental test series indicated 
that the 85 units tested were 
capable of withstanding environ-
mental stresses in excess of those 
normally required of semicon-
ductor devices used in military 
applications. 

LIFE TESTS: A total of-255 TI semi-
conductor networks were placed 
on life test — both operating and 
storage — for a total of 355,000 
circuit hours. Since each network 
contains approximately 20 dis-

crete components interconnected 
as a circuit, this is the equivalent 
of more than 7,000,000 compo-
nent hours. The results of these 
tests and similar data obtained 
subsequent to the issuance of the 
report show the reliability trend 
indicated by the chart above. 

STEP-STRESS TESTS: Twenty-five 
semiconductor networks were 
temperature-stressed to destruc-
tion. Defect-analysis of all failed 
parts were performed to deter-
mine failure modes. Process im-
provements and even more strin-
gent process control have already 
been established as a result of 
the tests. 
If you would like a personal copy 
of the complete semiconductor-
network reliability report, ask 
for Bulletin 549-1. 
•Trademark of Texas Instruments Incorporated 
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Over-all Circuit Reliability Increased With TI Unijunctions 
HERE'S HOW: A single Texas Instru-
ments unijunction transistor will do 
the job of several ordinary transis-
tors and resistors in many applica-
tions. This means greater. over-all 
reliability (and economy) for your 
circuits, since fewer components 
and fewer connections mean fewer 
opportunities for trouble to occur. 
In addition, TI unijunctions are 
highly reliable semiconductor de-
vices themselves. More than a half-
million unit test hours (both high-
temperature storage and operating 
life) have already been accumulated 
— without a single catastrophic or 
degradation failure. Operating 
characteristics of the devices have 
remained well within acceptable 
parameters (see the charts on oper-
ating life below). 

A full line of 22 unijunction tran-
sistors is now available from Texas 
Instruments. These units feature 
dissipation to 600 milliwatts, inter-
base resistance from 4.0 to 12 kil-
ohm, intrinsic standoff ratios from 
0.47 to 0.8, and extremely low peak 
emitter current ranging from 6 to 
25 microamps. 
The special characteristics of TI 
unijunctions — particularly their 
highly stable negative resistance — 
make the devices ideal for high. 
reliability applications such as re-
laxation oscillators, sawtooth gen-
erators, trigger circuits, counters 
and bi-stable circuits. 
Ask for bulletin 504-2, containing a 
number of useful circuit applica-
tions for unijunctions. 37500 75.000 
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10,000 HOUR LOAD LIFE TEST ON 100 CG% (Ri160G) 
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30 Million Test Hours Now Run on TI Hermetic Film Resistors 
More than 30 million unit hours of 
extended load life have been run on 
Texas Instruments CG series hard-
glass, hermetic film resistors. Not a 
single catastrophic failure has oc-
curred during these tests, for a re-
markably low failure rate of 0.003% 
per thousand hours (60% confidence 
level). In addition to this impres-
sive evidence of built-in resistor 
reliability, TI has accumulated a 
"library" of test data on resistor 
stability. 

TEST CONDITIONS: Over the past 
two years, more than 60 standard 
production lots of CG1/4 and CG1/8 
resistors have been subjected to 

SEMICONDUCTOR-COMPONENTS 

DIVISION 

long-term load life tests, up to 
10,000 hours per lot. These tests in-
clude: five ambient temperatures — 
from 25°C to 175°C; seven wattage 
levels — 0, 1/64, 1/32, 1/16, 1/8, 
1/4, 1/2 w; three maximum volt-
ages — 250, 300, 350v; and 35 ohmic 
values — 24.9 ohms to 1 megohm. 

STABILITY PROOF: The graph above 
shows one test, typical of the series. 
Notice the exceptional stability in-
dicated by the drift curve, even 
under conditions of maximum power 
and maximum continuous working 
voltage. 
You may be surprised to learn how 
economically you can buy TI her-

metic resistors which provide all of 
the superior performance indicated 
by the test data. Ask your Texas 
Instruments sales engineer for more 
detailed information, or write for 
Bulletin 504-3. 

If you would like to have more detailed 
specifications and application informa-
tion on the products featured in this 
advertisement, call your local TI sales 
engineer or write to Texas Instruments 
Incorporated, P. 0. Box 5012, Dallas 
22, Texas. 

Semiconductor Networks Bulletin 549.1 
Unijunction Transistors Bulletin 549.2 
Hermetic Film Resistors Bulletin 549.3 

TEXAS INSTRUMENTS 
INCORPORATED 
13500 N. CENTRAL EXPRESSWAY 

P. 0. BOX 5012 • DALLAS 22. TEXAS 19549 
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To Contractors and Subcontractors 
on U.S. Government Projects 

Western Electric 
offers high reliability diodes, 
transistors and magnetrons 

•Western Electric's Laureldale, Pennsylvania, plant is now in its tenth year of 

producing semiconductor devices of ultra-high quality and reliability for government 

applications. 

• Devices designed by a resident Bell Telephone Laboratories group have performance 

standards exceeding specification requirements which are based on MIL-S-19500B. 

• Mechanized production facilities and a comprehensive statistical quality control 
program assure uniformity and contribute to obtaining ultimate process capabilities. 

• For further information on Western Electric-Laureldale electron devices and 

magnetrons ... 

Telephone—Area Code 215 — 929-5811 

LAURELDALE PLANT 
MAKER OF ELECTRON PRODUCTS 

Wegtern Electric 
MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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PLASMA FREQUENCY PROBE mounted in payload of Astro-
bee 200 rocket 

By exciting the ionosphere plasma with a varying r-f signal, this probe 

measures plasma resonance, from which electron density is calculated 

By OBED C. HAYCOCK and KAY D. BAKER 
Upper Air Reeearch Lab.. Univ. of Utah. Salt Lake City, Utah 

WHY IONOSPHERE RESEARCH? 

Highly ionized layers of the earth's 
atmosphere, known collectively as 
the ionosphere, are produced by 
radiation from the sun and from 
outer space. Studies of ionization 
intensity, measured by electron 
densities and spatial and temporal 
variations, aid in understanding 
the interactions between the earth's 
atmosphere and the sun's radia-
tions. Also, because the ionosphere 
affects and sometimes controls 
radio transmission, data on electron 
density can improve radio com-
munication 

THE UPPER AIR Research Lab-
oratory at the University of Utah 
has for several years used rocket 
and satellite techniques for de-
termining electron density of the 
ionosphere. The first method used 
was the pulse delay system in which 
pulses of r-f energy are trans-
mitted through the ionosphere be-
tween a rocket and ground and the 
electron densities calculated from 
the variation of propagation.' The 
second technique was the r-f im-
pedance probe.' This system meas-
ures the induced impedance changes 
of an antenna mounted on a rocket 
or satellite. Electron densities are 

calculated from the measured 
changes. Recently a technique has 
been developed that directly meas-
ures the plasma frequency of an 
ionized med'um from which the 
electron density can be calculated. 
The probe (photo) measures the 
plasma frequency of the ionosphere. 
The interaction of an electro-

magnetic wave and the free elec-
trons of an ionized medium give 
the electrons an oscillatory motion, 
thus adding a conduction current 
to the displacement current. (In 
the ionosphere, ions other than 
electrons need not be considered 
since these other ions, due to their 

81 



much higher mass, will not achieve 
significant velocities compared to 
those of the free electrons.) The 
velocity of the electrons not suffer-
ing collisions with other particles 
will lag the exciting electric field by 
a phase difference of 90 degrees, 
that is, the conduction current of 
electrons will lag the exciting elec-
tric field by this phase difference. 
The free-space displacement cur-
rent leads the exciting electric field 
by a phase difference of 90 degrees; 
therefore, these two currents differ 
in phase by 180 degrees and the 
magnitude of the resultant current 
will equal their difference. Since 
each of these currents is in phase 
quadrature with the exciting elec-
tric field, the average energy ab-
sorbed from the exciting electro-
magnetic wave is zero when elec-
tron collisions are neglected. 

EQUIVALENT CIRCUITS — The 
excited electrons will suffer col-
lisions with other particles, how-
ever, dissipating energy and appear-
ing as a loss term. An equivalent 
circuit of the ionosphere showing 
the effects of these components is 
shown in Fig. 1A, with a phasor 
diagram. The quantities are con-
sidered to be values per unit volume, 
that is, the equivalent circuit treats 
a cubic meter of the plasma. In 
Fig. 1A, e, is the permittivity of 
free space, E electric field inten-
sity, m and e the mass and charge 
of the electron, respectively, N the 
number of electrons per unit vol-
ume, and y is the collisional fre-

quency or the average number of 
electron collisions per second per 
cubic meter of the plasma. At high 
frequencies the capacitive displace-
ment current term, i„ predominates 
and thus the free-space condition is 
approached. As the frequency is 
lowered, the electron current, ix, 
becomes larger until the plasma fre-
quency or parallel-resonant point is 
reached where the two opposed com-
ponents are equal. It should be pos-
sible, therefore, to excite the plasma 
with an r-f signal, vary the fre-
quency of the exciting field, and 
measure the resonant frequency. 
Once the plasma frequency of 

the medium is known, it is easy to 
calculate the electron density. When 
terrestrial magnetic field effects are 
neglected, and at altitudes where 
collisions are negligible (above 80 
Km), the operation becomes simply 

N = (1 84 (10") (fN') 

where f, is the plasma frequency 
in megacycles and N the electron 
density in electrons per cubic 
meter.' 
To determine the plasma res-

onance frequency, a dipole antenna 
mounted on a vehicle passing 
through the ionosphere is excited 
with a low-level r-f signal. The an-
tenna voltage and current are com-
pared in phase as the frequency is 
varied; the frequency where they 
are in phase will be the plasma 
frequency, corresponding to parallel 
resonance in the equivalent circuit 
shown in Fig. 1A. 

A dipole from 8 to 12 feet in 
length is used to excite a fair sized 
region of the plasma away from 
the vehicle body even though a zero 
phase relationship between antenna 
voltage and current at plasma res-
onance exists independently of the 
physical length of the antenna. As 
the plasma frequency is approached 
the antenna element becomes in-
finitesimally small electrically, re-
gardless of its physical length, since 
the wavelength in the medium ap-
proaches an infinite value. (The 
wavelength in the ionized me-
dium is 

x [11 — (lN/f)2] 

where A, is the free space wave-
length and f is the exciting fre-
quency.) This is the condition where 
quadrature component of the elec-
tron current iN just equals and can-
cels the displacement current flow-
ing from the antenna. Hence, only 
a small current flows in the antenna 
circuit, the condition pf resonance 
in Fig. 1A. 

EXPERIMENT—A plasma fre-
quency experiment was flown in an 
Astrobee 200 sounding rocket from 
Eglin Gúlf Test Center, 12:35 CST 
on April 30, 1962. The payload sec-
tion and lower portion of the nose 
cone are shown in the photo. This 
payload, denoted as AA15.196, also 
contains other experiments. 
The plasma frequency probe sys-

tem is shown in Fig. 1B. In the 
sweep mode, which corresponds to 
the switch in position A, a sawtooth 

M/Ne2 

Mv/Ne 2 

ANT 

SAWTOOTH 
GEN 

INPUT__A 
1 

INPUT 2 

0.01 RU-IC 

EQUIVALENT circuit of ionosphere (A); probe system for rocket (B); and phase detector (C)—Fig. 1 
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generator sweeps the frequency of 
r-f oscillator over a frequency range 
of 2 to 11 Mc. The locked mode is 
obtained when the switch is in 
position B. In this position the 
oscillator will lock onto the plasma 
frequency, if it is within the range 
of the instrument. The low r-f volt-
age, less than a volt in magnitude, 
is applied to the antenna. 
The antenna consists of two tele-

scoping elements. The elements are 
stored collapsed to a length of 20 
inches in a cavity in the rocket 
skin (photo) until the rocket is 
out of the dense portion of the 
atmosphere, about 60 Km. It is then 
released and folds out to a position 
normal to the rocket body and is 
telescoped out to a length of 10 
feet by a gas generator. One an-
tenna element is electrically driven 
with respect to the rocket body; the 
other half of the dipole is for an-
other experiment. 
The r-f voltage is applied to the 

antennas and the antenna current 
monitored by a current trans-
former. The transformer consists 

of a ferrite toroid about 11 
inches in diameter with a s-inch 
hole and wound with ten turns 
of small wire. It is mounted at the 
base of the antenna element with 
the element passing through the 
hole in the toroid. Thus, the cur-
rent is sampled at the point where 
it flows into the antenna element. 
The output of the antenna current 
transformer is amplified and con-
stitutes one input to the phase de-
tector. The other input, the an-
tenna voltage monitor, is derived 
as is the current input, except that 
the transformer samples the cur-
rent through a small fixed capacitor. 
This signal is sent through an am-
plifier, which is matched to the 
antenna current amplifier, and then 
to the phase detector. The voltage 
and current sampling circuits are 
matched from the transformers up 
to the phase detectors so that any 
phase shifts through the two cir-
cuits will be equal. 
The phase detector, Fig. 1C, is 

a balanced demodulator in which 
there is no output when the two 
signals are in phase quadrature. 
This will be true when the antenna 
voltage and current are in phase, 
since the antenna voltage is sampled 
as a current through the fixed 
capacitor. As the frequency is swept 
through its range, the output of 

the phase detector will pass from a 
value corresponding to a positive 
antenna phase angle, through zero 
phase at the plasma frequency, to 
a negative phase, assuming the 
plasma frequency lies in the range 
swept. The output of the phase de-
tector is biased positively so that 
the voltage will be in the range of 
0 to +5 v. This voltage is applied 
to a voltage controlled subcarrier 
oscillator of the f-m/f-m telemetry 
system. 
To obtain data, the frequency 

of the oscillator must be accurately 
known. The frequency meter con-
verts the frequency to a voltage 
that gives an analog output in the 
range of 0 to +5 v. This modulates 
a second subcarrier oscillator in 
the telemetry system. 
The analysis of the data for this 

sweep mode consists of inspecting 
the output of the two telemetry 
channels and by correspondence 
noting the frequency at which the 
phase passes through zero. Also, 
the losses or collisions of the iono-
sphere can be determined by not-
ing the slope of the phase plot as 
it passes through the zero position. 

TELEMETRY — The sweep-fre-
quency plasma probe requires two 
telemetry channels for display of 
the data. In some applications, 
particularly in earth satellites, 
there is shortage of telemetry chan-
nels. An experimenter may be 

allowed only six commutator seg-
ments, each sampled once a second. 
Such data sampling prohibits use 
of the sweep system. The locked 
frequency system is being developed 
for these applications. Here the 
oscillator frequency is not continu-
ously swept, but locks on the plasma 
frequency. As a system check, this 
system was incorporated in the 
Astrobee 200 flight and required 
the d-c amplifier and the switch 
shown in Fig. 1B. When in the 
locked mode, switch position B, the 
output of the phase detector is 
used as a signal that is applied 
through a feedback loop to control 
the oscillator frequency. Thus, in 
the locked mode it is necessary to 
measure only the frequency of the 
oscillator. This can be done by 
sampling the frequency meter. At 
satellite altitudes the plasma fre-
quency gives complete information 
since collisions are negligible. 

In the Astrobee 200 system, the 

ELECTRON DENSITY measure-
ments made on rocket flight—Fig. 2 

sweep and locked modes were used 
in a time-sharing sequence by 
electronically switching the input 
of the frequency control point of 
the oscillator alternately to the 
sawtooth generator and the output 
of the d-e amplifier. 

Figure 2 shows the results of 
three rocket borne electron density 
measurements for Rocket AA 
15.196 as well as the h'f record from 
the Santa Rosa Island ionosphere 
sounder taken at 12:30 CST, 30 
April. The h'f record is plasma fre-
quency versus height data taken 
from the ground by sending r-f 
pulses into the ionosphere at ver-
tical incidence and noting the high-
est frequency that is reflected at 
the various heights above the earth. 
Thus, certain regions of the iono-
sphere can be investigated from the 
ground.' Data analysis for the 
plasma-frequency probe is still 
underway; only preliminary data 
are available. Data points are 
shown from the plasma-frequency 
experiment and are in agreement 
with other methods of electron-
density measurement. 

This reasearch was sponsored by 
Air Force Cambridge Research Lab-
oratories. The authors express their 
appreciation for this aid and also 
to W. Pfister and James C. Ulwick 
of that agency for their cooperation. 
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Better Speech Quantizing 
Linear ratio encoder uses automatic-gain-controlled 

amplifier. It requires only a six-bit binary code 

for quantizing, has constant-level output and needs 

no complementary expansion at the receiving end 

—30 

MEAN SIGNAL STRENGTH RELATIVE 

(A) 

—10 

TO PEAK INPUT IN 

o 
DB 

VARIATION of signal-to-quantizing-noise ratio for a 6-bit 
bias error of 1 percent (B)— Fig. 1 

TO OBTAIN pulse-code modulation 
(pcm) from speech, the input volt-
ages, handled by a quantizing stage, 
must be compressed by either an 
instantaneous compandor or an 
age (automatic gain controlled) 
system. 
While attention has been given to 

compandor,"'" age schemes have 
been rejected, mainly because they 
require an amplifier in each input 
channel. 

This system performs as an age, 
employs 6-bit linear encoding, re-
moves speech mean-level variations 
and does not require an amplifier 
on each input. It is based on a 
reference voltage for the digital 
converter derived from the mean 
level of the sampled waveform. The 

NO D-C BIAS ERROR 

PERCENT D-C BIAS ERROR 

# =100 

7-BIT SYSTEM 

REQUIRED OPERATING 
RANGE 

—40 —30 —10 

STRENGTH RELATIVE TO PEAK INPUT IN DB 

(B) 

speech encoding system (A) and degradation of ratio for 

MEAN SIGNAL 

digital output of the converter is 
the ratio of the instantaneous input 
and mean input levels. 
The system performs better than 

an instantaneous compandor in that 
it does not require accurate match-
ing of nonlinear characteristics and 
needs no complementary expanding 
at the receiving end. 

PCM REQUIREMENTS—A pcm 
system must handle voltage ex-
cursions and mean-level variations 
of speech. 
The voltage distribution of a 

speech envelope may be represented 
by a negative exponential; this is 
valuable in analyzing a system's 
performance, but does not indicate 
the range of reproduction. The 

—20 o 

upper limit may be estimated by 
noting that the probability of oc-
currance of a voltage four times 
larger than the mean value is only 
1 percent. Hence, it is reasonable 
to clip the voltage peaks 12 db 
above the mean value; the sub-
jective distortion is detectable, 
however, and some relaxation would 
be acceptable. 
At low levels, the amplitude 

distribution of speech affects the 
quantizing noise of the digitized 
signal. By taking the distribution 
into account, it is possible to cal-
culate the signal-to-quantizing-
noise ratio for various pcm sys-
tems.' Sources" indicate that 30 db 
is tolerable for high-quality speech. 

Consider the variation in mean 
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for Pulse-Code Modulation 
By J. D. HOWELLS 

English Electric Aviation Ltd., 
Luton, England 

SIMPLER AND BETTER 
ENCODING 

This ratio quantizing system is said 
to be simpler and better than pre-
vious ones. It uses a 6-bit binary 
code where conventional systems 
would need 7 bits or more. Since 
speech compression is linear,neither 
accurate matching of the character-
istics nor complementary expansion 
are needed at the receiving end. 
Instead of quantizing the instan-
taneous speech input, the ratio of 
input to mean level is encoded. 
Thus, not only is a mean constant 
output obtained, but the advantages 
—and none of the disadvantages— 
of both logarithmic and linear en-
coding are combined 

MAKING TEST recordings of 
linear ratio quantizing system 

level at the input of a pcm system; 
98 percent of signals lie within 
=L13 db of the median level. For a 
military system, the talker volume 
and land-line loss gives a variation 
of ±15 db. Therefore, a variation 
of 30 db may be taken as a design 
criterion. 
A pcm system is therefore re-

quired to handle a variation of 30 
db in the mean input level, and 
reproduce the speech at a signal-to-
quantizing-noise ratio of at least 
30 db, with peak clipping 12 db 
above the mean of any input. 

SIGNAL COMPRESSION—With a 
linear system, an 11-bit code would 
be required. However, using non-
linear compression, a 6 or 7-bit code 

would be sufficient to compress the 
same signal. 

Nonlinear compression gives 
preferential treatment to low-level 
signals. A logarithmic transfer 
characteristic V„„t = log (1 4- ea) 
where g is a constant and y is the 
instantaneous input voltage, is 
normally used. 

SPEECH 
INPUTS 

CHANNEL MULTIPLEXING 

TIME MULTIPLEXED 
PC M OUTPUTS 

MULTIPLEXED channels in a pcm 
system—Fig. 2 

The parameters of the system 
are determined by considering the 
signal - to - quantizing - noise ratio 
over the input range of 30 db (Fig. 
1A). The exponential distribution 
of speech amplitudes is taken into 
account in the construction of the 
curves, which are drawn for a 6-bit 
code (64 level) at /2 = 0, 20 and 100. 
Since the signal-to-quantizing-noise 
ratio is directly proportional to the 
number of quantizing steps, a 6 db 
improvement is obtained if the code 
is increased from 6 to 7 bits. (20 
log (272°) = 6 db.) 

Logarithmic compression pro-
duces a region in which the output 
signal-to-noise ratio is substantially 
independent of changes in the input 
level; the region becomes larger as 
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p. increases. For the 6-bit code sys-
tem, the best signal-to-ratio per-
formance occurs at p, =. 100, which 
gives a ratio of between 21 and 27.5 
db over the 30-db range. An in-
crease in the maximum input level 
to allow for 6 db of peak limiting, 
which produces apparent but not 
severe distortion, brings the ratio 
up from 21 to 24 db; this is still 
short of the required 30 db. Re-
sorting to a 7-bit code, the signal-
to-quantizing-noise ratio over the 
30-db input range is between 27 
and 33.5 db for 12-db peak clipping, 
or 30 to 33.5 db for 6-db peak 
clipping. 

It has been assumed that there 
is no d-c bias error at the input of 
the compandor; otherwise, at low 
signal levels, a degradation occurs. 
Figure 1B shows the effect of a bias 
equal to 1 percent of the peak 
input, which gives rise to a loss of 
2 db in the signal-to-noise ratio. 

Thus, a logarithmic compandor 
needs a 7-bit code, and comple-
mentary expansion and compres-
sion at the two ends of the link. 
All signals are reproduced at their 
correct amplitude; a quiet speaker 
or a high land-line loss appears as 
a weak signal at the receiving end. 

CONSTANT LEVEL ENCODING 
—In a gain-controlled encoder it 
is convenient to assume that all sig-
nals presented to the pcm are at a 
constant mean level. Using loga-
rithmic encoding, there is no gain 
in the signal-to-quantizing-noise 
ratio. 
With linear encoding, the signal-

to-noise ratio of a 6-bit system with 
12-db peak limiting is 29 db, or, 
with 6-db peak limiting, 35 db. 
Therefore, there is no need for a 
7-bit code, since the improvement 
can hardly be detected. 

In a constant-level system, all 
speech transmitted over the link is 
reproduced at the same mean level. 
Although cancellation of circuit 
losses is desirable, some loss of 
speech intonation will occur. The 
loss is a function of the time con-
stant of the averaging circuit, 
which must be made sufficiently 
long so that short-term variations 
in the speech amplitude are repro-
duced. Experiments indicate that 
a short time constant (about 1 sec) 
is, adequate; and with 5 or 10 

seconds little realism or intelligi-
bility are lost. 
Rapid rises in level must be ac-

companied by rapid falls in gain; 
otherwise, the system overloads 
after a quiet period. 
A second noticeable effect of con-

trolled-level operation is that the 
circuit noise rises when the speaker 
ceases talking. This effect is most 
apparent on a good circuit where 
the gain change is maximum be-
tween quiet and signal conditions. 
On these circuits, it should be pos-
sible to maintain the noise to a low 
level, and the 30-db gain increase 
should not be troublesome. 

Although the gain-controlled sys-
tem is desirable, it is not normally 
considered since a separate audio 
amplifier must be used on each 
input channel. If this operation 
were achieved more simply, the 
adoption of linear encoding would 
remove the requirement for any 
expansion circuit at the receiver 
and any impairment of the signal-
to-noise ratio due to d-c bias errors. 

PRACTICAL SCHEMES — The 
methods available for logarithmic 
companding form a comparison 
with the constant-gain method. 
Consider a practical system in 
which several channels are time 
multiplexed to a single link. Multi-
plexing and companding are shown 
in Fig. 2; a single compandor 
and quantizer serve all channels 
of a group. 
Companding may be achieved in-

dependently of the quantizing 
operation using a continuously 
variable analog circuit; nonlinear 
elements, provide the required 
characteristic. This makes it dif-
ficult to control its characteristic 
accurately and to match it with a 
complementary function at the 
receiving end. 
An improved method' incorpo-

rates the logarithmic characteristic 
into the quantizing operation. A 
ladder of accurate current attenua-
tors are switched in or out of the 
circuit by binary codes, until the 
attenuated current equals the input 
drive current. Electronic switches 
are used; the unit meets the speed 
of operation required for 24 time-
multiplexed channels. The law is 
repeatable and can be easily 
matched at the receiving end. 

Each stage of the current attenu-
ators uses three transistors, while a 
binary voltage attenuator uses only 
one. Similar attenuators are used 
at the transmitting and receiving 
ends of the link. 

LINEAR QUANTIZING—Constant 
level encoding requires a gain-con-
trolled audio amplifier in each chan-
nel and this is uneconomical. 
As an alternative, the quantizing 

stage can be used as a ratio device; 
the system is arranged so that a 
digital output, equal to the ratio of 
instantaneous input and mean input 
level, is obtained. The digital con-
verter is easily arranged but addi-
tional circuits are needed to store 
the mean levels and switch them 
to the converter in synchronism 
with the channel input. 
A block diagram of the digital 

converter connected to give a ratio 
output is shown in Fig. 3. The 
instantaneous signal voltage is com-
pared, in sequence, to 1V„ 4V,, 1V., 
. . . where V, is the reference volt-
age. A yes or no indication is ob-
tained on each comparison indicat-
ing whether the summed voltage is 
greater or smaller than the signal 
input voltage. 
These yes-no indications set up a 

chain of binaries, so that the cumu-
lative sum is remembered, and also 
form the digital output to the trans-
mission line. The binaries are 
reset, and a new sampling opera-
tion begun at the completion of 
each 6-bit word. 

SYSTEM OPERATION—Figure 3 
refers to 10 multiplexed channels, 
each with a sampling rate of 8 Kc. 
The sampling operations are con-
trolled by a 480 Kc clock that drives 
a 3-bit counter and a diode matrix. 
The counter resets on a count of 6, 
and produces pulse outputs from 
the matrix of approximately 2 esec. 
duration that continuously cycle 
outlets 1 to 6. The reset pulse 
also feeds a similar counter and 
matrix for counting and switching 
the 10 multiplexed channels. 

Binaries 1 to 6 are the storage 
elements for the digital output. On 
the reset pulse, at the completion of 
each measurement, binaries 2 to 6 
are reset to zero, but binary 1 is 
switched on by the appearance of 
the 2 µsec pulse on the 1 output of 
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the matrix. This switches V, to 
the differencing point. The other 
differencing input is derived from 
the sum of the signal and the refer-
ence, such that the net waveform is 
always positive. This is attenuated 
by a factor of two so that the peak 
input to the differencing network is 
V,. Therefore, depending on 
whether signal waveform is V,.' 
V; at the time of the sample, the 
output from the differencing net-
work will be above or below zero, 
and this causes the amplifier to 
saturate in one direction. The 
actual decision on the amplifier out-
put is taken 1.5 psec after the input 
is applied; the decision unit sup-
plies a 0 or 1 pulse both to the 
transmission line, and to the num-
ber 1 binary. The sense of this 
pulse is such that if the /V, incre-
ment is too large, binary 1 will be 
reset to its off state on the appear-
ance of the 2 pulse from the matrix. 
This pulse, which is initiated by 
the clock, also sets binary 2 on, and 
applies a /V, increment to the 
amplifier. Again, this increment is 
either retained or rejected by the 
decision unit on the amplifier out-
put. The cycle proceeds through 
the 6 digits of the measurement, 
each digit having half the signifi-
cance of the previous one, and pro-
ducing a 0 or 1 output, until the 
least significant digit 2-4V, is 
reached. When the decision on this 
element has been made, all the bin-
aries except number 1 are reset to 
zero, and the system starts on the 
next measurement. The change-
over to the next multiplexed channel 
as shown in Fig. 4A is in syn-
chronism with the completion of a 

measurement. 
One measurement is completed in 

12.5 i.esec; and a serial digital out-
put is obtained, which lags the clock 
time by 1.5 i.esec. This output 
represents in binary form the ratio 
of instantaneous input voltage to 
the reference voltage, V„ derived 
from the input signal. 

In Figure 4A, the mean value of 
each of the inputs is derived sepa-
rately and switched to the reference 
input of the converter in synchro-
nism with the signal. Two electronic 
gates and an envelope detector are 
needed on each channel. In the non-
linear compression system, one gate 
and a common compandor are re-

quired per channel. The gate input 
signals switch the gates 1 to n in se-
quence; prf is 8 Kc. 
The detector is required to rec-

tify speech signals over a 30-db 
range, to have a discharge time con-
stant of about 5 seconds and to 
charge in a few milliseconds; thus 
a peak, rather than a mean, detector 
must be employed. 

DETECTOR—A circuit that meets 
these requirements is shown in Fig. 
4B. The gating circuit for the ref-
erence voltage, together with the 
means of adding the various out-
puts, are also shown. 
The absolute value of the maxi-

mum signal input is 9 db above 1 
volt, or approximately 3 volts. Sig-
nals 30 db below this level, peak 
levels of 0.1 volt, must be handled. 
Therefore, a buffer amplifier pre-
cedes the detector and has a voltage 
gain of 3.3 times, giving a range of 
0.3 volt to 10 volts peak on the base 
of rectifying transistor Q. The 
current through this transistor 
charges a 50-1.d capacitor in its 
emitter circuit to 10 volts in 10 
msec, with a current of 50 ma. 
The detector allows the charge 

of the memory capacitor to rise 
rapidly when a speech input is ap-
plied, thus keeping the overload pe-
riod to a minimum. The discharge 
time constant is determined by the 
resistor RD and the conduction time 
of diode Di. 
Normally, D, is held off by switch-

ing transistor Q3, and the voltage 
applied to the base of Q. is nearly 
the full rail voltage E. During the 
sampling time of the channel, Q3 
is cutoff allowing D, to conduct, 
thereby applying the capacitor volt-
age to Q,. The effective discharge 
resistance on the capacitor is there-
fore RD times the duty ratio or nRD, 
where n is the number of multi-
plexed channels. Assuming 10 chan-
nels, the diagram values give a time 
constant of 5 sec. 

In one group of channels all the 
output transistors, Q„ are held at 
+E volts, except the channel trans-
mitted which will be at the peak 
signal voltage, +e. This voltage 
appears on the common emitter 
line, and forms the reference input 
voltage to the digital converter. 
The effect of tolerances on the 

performance of the system must be 

noted. Variations in the standing 
voltages across the transistors and 
the diode, and in the gain of the 
buffer amplifier, will cause errors 
in the d-c output. The effect is 
most marked at the small signal 
end, but the circuit shown is de-
signed to cancel the transistor 
emitter-base potentials; the maxi-
mum error does not exceed 0.1 volt. 
This is 20 percent of the minimum 
signal, and can cause an error of 
±2 db in the determination of the 
reference voltage, causing the work-
ing point on the signal-to-quantiz-
ing-noise ratio graph, Fig. 1A, to 
move. A change in the signal-to-
noise ratio and also a change in 
the peak limiting level thus occurs. 
But the total excursion is only 4 db 
and the distortion introduced is tol-
erable in the low-signal condition. 
The performance of logarithmic 
companding schemes also falls off 
with small signals, particularly if 
likely tolerances are taken into ac-
count, Fig. 1B. 

Since linear encoding is employed 
there is no performance loss due to 
bias errors. 

PERFORMANCE — The perform-
ance of a constant-level link is 
considered satisfactory; one de-
sirable effect is the cancellation of 
land-line loss. Two features that 
need attention are the speed of re-
sponse of the detector circuit, such 
that overloading at the beginning 
of speech is reduced to a tolerably 
low level, and the maintenance of a 
low noise level, such that there is no 
excessive increase in background 
noise level during silent periods. 
The problem of hybriding the go 

and return paths is also more se-
vere than in a conventional system, 
due to the higher available gain in 
the transmission path. Special 
measures may, therefore, be neces-
sary to increase the isolation above 
that achieved with normal hybrid 
transformers. 

REFERENCES 
(1) R. F. Purton, "A Survey of Tele-

phone Speech-signal Statistics and the 
Significance in the choice of a P.C.M. 
Companding Law", Proc. IEE, Part B., 
January 1962. 

(2) Bernard Smith, 'Instantaneous 
Companding of Quantised Signals", The 
Bell System Technical Journal, May, 1957. 

(3) "Discussion on P.C.M. Companding 
Law". IEE Meeting, May 15th. 1962. 

(4) J. C. H. Davis, "A P.C.M. Logarith-
mic Encoder for a Multi-channel T.D.M. 
System", Paper presented IEE, May 15th. 
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SIMPLE AND INEXPENSIVE 

This circuit was developed to meet 
the requirement for a simple de-
modulator for f-m data tape re-
cording. As a number of channels 
of information had to be handled 
and the budget was limited, the 
complexity and cost of the circuit 
were reduced as much as possible 
consistent with achieving a sub-
stantially linear frequency-voltage 
characteristic over the range of 1 
to 10 Kc. No complicated setup 
precedure is necessary 

Simple F-M Demodulator 

for Audio Frequencies 

By K. R. WHITTINGTON, Tube Investments Research Laboratories, 
Hinxton Hall, Saffron Walden, Essex, England 

Developed for f-m data tape recording, this transistor circuit 

converts f-m frequencies to proportional d-c levels 

THIS F-M DEMODULATOR is 
based on the well-known pulse-
counting method of frequency meas-
urement. The input which is usu-
ally roughly sinusoidal, is con-
verted to a train of pulses of equal 
amplitude and length. These 
pulses are smoothed so that the 
mean d-c level is directly propor-
tional to the number of pulses oc-
curing in unit time. If the output 
is to be connected to a meter or 
pen-recorder, the mechanical time-
constants of these instruments are 
sufficient to give a mean d-c output 
reading and the circuit is simple. 
If the output is to be fed to an 
oscilloscope or level-discriminator 
circuit, it is necessary to use R-C 
smoothing of the pulse train. 
The shape of the pulses to be 

averaged is immaterial if shape is 
independent of frequency. Here 
the pulses were formed by convert-
ing the input signal to a square 
wave and differentiating the lead-
ing edge of the square wave, as in 
(A). The basis circuit (B) can be 
used with a meter; and (C), a 
slight elaboration on this circuit 
uses a limiting transistor Q, at the 
input to avoid overloading switch-
ing transistor Q2, and R-C smooth-
ing, with output emitter-follower Q.. 

Transistor Q2 is a pnpn switch 
that takes the place of a conven-
tional flip-flop or Schmitt trigger. It 
is triggered ON when the input sig-
nal exceeds a level of about 200 mv 
on its negative-going half-cycle, and 
stays saturated until the input ex-
ceeds a similar level on its positive 
half-cycle. The signal at the Q. 
collector is differentiated by C, 

and the positive half-cycles filtered 
out by the diode network. In (C), 
the output d-e level is produced by 
using the pulse train to charge ca-
pacitor C2. 

Limiter Qi was added because 
excessive signal input voltages could 
produce frequency doubling at the 
collector of Q.. 

This simple circuit gives remark-

ably good results. A curve of fre-
quency against output voltage over 
the range 0-9 Kc shows a linearity 
within 1 percent. However the sup-
ply potential must be reasonably 
stable, since any change here will 
be reflected in the output. 

This article is published by per-
mission of the directors of Tube 
Investments Limited. 

WAVEFORMS (A) at input (top), collector of Q, (middle), output (bottom); 
basic one-transistor circuit (B); three-transistor circuit with R-C smoothing (C) 
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TINY BEACON is about the same size as a package 
of cigarettes and is encapsulated for improved me-
chanical stability and protection 

Tiny Solid-State 
Here is a versatile transmitter with small 

size and high power output in the 

100 to 140 or 220 to 260 Mc ranges. 

The circuit features a crystal oscillator 

with 0.0025-percent stability and an 

unusual varactor tripler 

By STANLEY D. CZERWINSKI and FRED S. LINN 
Sperry Phoenix Company, 
Div. of Sperry-Rand Corp., Phoenix, Arizona 

OBJECTS CAN BE FOUND on land or sea by vhf 
radio beacons and conventional direction-finding 
equipment. Recent development of small, lightweight, 
efficient, low-cost beacons has made this technique 
practical in many new applications. 

Solid-state transmitters operating in the 100 to 
140 Mc and 220 to 260 Mc ranges can produce power 
outputs as high as 4 watts. These units are small 
enough to be carried in a pocket, rugged enough to 
be mounted on or included in recoverable objects and 
sufficiently reliable to be used in survival kits. Cir-
cuits for voice communication can be added with 
little or no increase in weight and size. 

Frequency monitoring is simple and reliable. When 
used with low-temperature mercury batteries, these 
beacons will operate at temperatures ranging from 
—20 to 160 F with a shelf life of several years. 

EFFICIENCY—The beacon and its battery pack 
should be a minimum percentage of the payload to 
be recovered. 

Since the battery accounts for most of the weight 
and volume, the transmitter should be highly efficient. 

Efficiency begins with the selection of minimum 
power output to reliably meet operational require-
ments. A 1-watt locating beacon can provide a usable 
signal fer direction-finding equipment such as the 
AN/ARC-27 with an AN/ARA-25 d-f at distances 
as great as 90 miles. A timing circuit in the beacon 
with a 30-percent duty cycle will conserve battery 
life without degrading the performance of direction-

finding equipment. 
A block diagram for this type of unit is shown. 

The unit weighs 28 ounces including batteries and 
occupies a total volume of 30 cu in. The transmitter 
will operate continuously for 30 hours and still de-
liver an r-f output of 500 milliwatts. 
The schematic diagram of a 4-watt beacon recently 

developed for NASA Manned Spacecraft Center is 
shown schematically. 

CIRCUIT — The oscillator employed is a class-C 
Hartley with the crystal in the feedback loop. Fre-

quency stability of 0.0025-percent over a temperature 
range og —30 F to 165 F is achieved with negative-
coefficient capacitors in the tank circuit. The location 
of the tap on T, is critical because it determines the 
amount of feedback and controls oscillator stability, 
power output and efficiency. This oscillator operates 
at one third the transmitter output frequency and 
delivers 200 mw r-f at 20-percent efficiency. 
The preamplifier and power amplifier are class-C 

common-emitter stages with a combined gain of 14 
db and an efficiency of 65-percent. The preamplifier 
uses a single 2N1506 and the power amplifier three 
2N1506's in parallel. The output transistors are not 
matched, but do require separate bias adjustment. 
The circuit was designed with grounded collectors to 
simplify the use of heat sinks normally required for 
high-power operation. Transmitter efficiency is 
largely determined by that of the r-f power amplifier 

TRANSMITTER 
includes tone 
generator as 
well as 
provision for 
voice 
modulation 

CRYSTAL 
OSCILLATOR 

BUFFER 

AUDIO 
OSCILLATOR 
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Transmitter May Save Your Life 
SOS 
This tiny radio transmitter can be 
one's only friend in an otherwise 
hostile environment. When lost on 
land or sea it is a comfort to know 
that this unit has a voice with a 
range of up to 200 miles. 
Advanced techniques in solid-

state circuit design and packaging 
now permit high vhf power outputs 
in small transmitters. An added 
bonus is that the beacon can be 
voice modulated 

CRYSTAL 
OSCILLATOR 

DUTY CYCLE 
OSCILLATOR 

DIODE GATE 
SWITCHING CIRCUIT 

BUFFER 
PRE-

AMPLIFIER 

DRIVER 

POWER 
AMPLIFIER 

AUDIO OSCILLATOR 
FOR GENERATING 
DISTINCTIVE TONE 

FREQUENCY 
TRIPLER 

AUDIO 
AMPLIFIER 
FOR VOICE 

MODULATION 

BAND-PASS 
FILTER 

MICROPHONE INPUT 

SWITCH INPUT 

TYPICAL 4-WATT BEACON is made up of both basic r-f and 
special circuits that meet operational requirements 

which uses most of the total d-c input required. 

TRIPLING—The most efficient method of obtaining 
power at 220-260 Mc is to generate and amplify the 
r-f signal at one-third the carrier frequency and ob-
tain the carrier signal with a passive frequency mul-
tiplier. Here, the frequency tripler is a PC-134 var-
actor shunt circuit; this yields a conversion loss of 
1.5 db. The tripler is followed by a band-pass filter 
that removes unwanted harmonics. This filter tas an 
insertion loss of 0.5 db. The overall efficiency of the 
4-watt transmitter is 33-percent. Precise assembly 
techniques are necessary to obtain these efficiencies. 
For example, fixed capacitors are used rather than 
trimmers and the output coil is decoupled from the 
neutralizing coil by separation or shielding, rather 
than perpendicular physical placement. 
The basic circuit can be modified to provide voice 

PREAMPLIFIER 

I 36 
2NI506 

24 

5001 

100 

2N222 

2N936 

270K 

IN457 

2N936 

F 180K 

AUDIO 
AMPLIFIER 

POWER 
AMPLIFIER 

680 680 680 

2N15061.- 2N15061_ 2N1506 _L 

47 

50Q) 

MICROPHONE 

modulation, a distinctive tone or a reduced duty cycle 
for increased battery life. Diode switching circuits 
are used to change from mode to mode. Voice modu-
lation requires a class-C common-emitter buffer am-
plifier to isolate the crystal oscillator from the pre-
amp and maintain stability. The duty cycle is con-
trolled by an astable multivibrator that keys the 
crystal oscillator for two seconds in each five-second 
interval. 
The tone generator is also an astable multivibrator 

that modulates the preamplifier to produce either a 
1,000 cycle tone or a distinctive, swept-frequency 
tone; the latter being generated by sweeping the 
audio multivibrator circuit with the integrated out-
put of the duty cycle multivibrator. Range tests have 
shown that 50-percent voice modulation will provide 
intelligible communication at ranges up to 100 miles. 
The tone modulation is audible as far as 200 miles. 
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Easy-to-Use Nomographs 

Eliminate Filter Calculations 
Charts enable engineers to pick component values for 

constant-K and m-derived filters quickly and accurately. 

Technique handles both simple and composite designs 

By W. C. SANDERS and B. E. PACKHAM 
Electronic Systems & Products Division, Martin Company, Baltimore, Maryland 

FILTER DESIGN using stand-
ard equations usually involves 
long and tedious calculations. 
These nomographs make the de-
sign of constant-K and m-derived 
filter sections simple and fast. 
The nomographs have been 

made on the assumption that the 
input and output impedances to 
the filter sections are equal. The 

F
R
E
Q
U
E
N
C
Y
 
IN
 
C
P
S
 

U 
10.0 
9.0 

8.0ff 

7.0 — 

6.0 — 

5.0 

4.0 

3.0 

2.0 

LO — 

frequency range is from 1 cps to 
500 Mc and impedance termina-
tions from 3.5 ohms to 30 meg-
ohms. Values of ni, for the m-
derived sections, are plotted from 
0.2 to 0.9. Composite filter de-
sign has been taken into ac-
count in the nomographs. 
While only unbalanced filters 

are covered, the usual rules for 

CONSTANT-K FILTERS 
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X Y 
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0.0040   4.0 
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1 uJ 
.̀1 0.0020  2.0 5 

0.0010   1.0 

0.0005  0.5 

U-I 

transformation from unbalanced 
to balanced filter sections apply. 

CONSTANT-K SECTIONS — 
The nomograph shown in Fig. 1 
is used to determine the capaci-
tance and inductance values of 
high or low-pass constant-K sec-
tions. For the capacitance, locate 
the cut-off frequency on scale U 
and the termination impedance 
on scale V; draw a straight line 
between these two points and 
read the capacitance from scale 
X. Inductance is found in the 
same manner, connecting U and 
W and reading the result on 
scale Y. 

Powers of ten are manipulated 
to raise or lower the nomograph 
magnitudes to the appropriate 
level: 

(1) Add the powers of ten of 
the frequency and impedance. 
The sum, with the sign changed, 
is the power of ten of the capaci-
tance. 

(2) Substract the power of 
ten of the frequency from that 
of the impedance. The difference 
is the power of ten of the in-
ductance. 

Actual filter values are ob-

tained by referring to the sche-

NOMOGRAPH for determining 
component values of constant-K 
filter sections—Fig. 1 
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FOCUS ON TOMORROW 
Never satisfied with past accomplishments, Sperry's 
R & D staff continually focuses attention on the future, 
probing for new approaches, advanced materials, 
superior compositions and untried applications in the 
microwave, electronics and solid state fields. 

Sperry Microwave/Clearwater takes pride in the 
achievements of its R & D staff. These experienced and 
highly qualified physicists are recognized experts in 
their specialized fields. 

Their recent creative studies and experiments have 
produced exciting new applications for ferroelectric 
materials. Small, high-speed ferroelectric switches 

of simple design and outstanding reliability are now a 
reality. Broadband detection techniques for microwave, 
infrared and optical radiation are on the horizon. 
Other advanced studies and informative experiments 
cover magnetic solids, dielectric materials, hexagonal 
ferrites and laser instrumentation. 

This constant concentration in pure and applied 
research in our highly specialized field — backed by 
complete laboratory and production facilities — places 
Sperry / Clearwater in an enviable position for the 

generation of new design techniques and demon-
stration of feasibility of new and better products. 

DIVISION OF SPERRY RAND CORPORATION SPERRY MICROWAVE ELECTRONICS COMPANY CLEARWATER, FLORIDA 
Microwave Components and Antennas • Radar Test Seta • Solid State Devices and Materials • Microline Instruments • Systems Instrumentation 
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maties of constant-K sections, 
Fig. 2, and noting the values on 
the desired configuration. 

Example 1. Find the value of 
the components of a constant-K, 
low-pass pi section, with cut-off 
frequency of 20 Mc (2 x 10' 
cps) and termination impedance 

(R.) of 50 ohms. 
(1) Find 2 on scale U and 

connect with 50 on scale V. 
(2) Significant figures of C,„ 

from scale X : 0.00156. 
(3) Power of ten of C,: seven 

(power of frequency) plus zero 
(power of impedance) equals 
seven; change sign, (-7). 

CONSTANT-K FILTERS; low-pass (A), high-pass (B), band-
pass (C), band-reject (D) and three-element type A (E) and 
type B (F)—Fig. 2 

Therefore, Cs, = 0.00156 x 10' 
or 156 pf. 

(4) Find 2 on scale U and 
connect with 50 on scale W. 

(5) Significant figures of Lk, 
from scale Y: 3.9. 

(6) Power of ten of Lk: zero 
(power of impedance) minus 
seven (power of frequency) 
equals minus seven (-7). Hence, 

= 3.9 x 10' or 0.39 h. 
(7) Referring to the schema-

tic for constant-K low-pass pi 
(Fig. 2A) sections, the capaci-
tors will equal C6 which is 156 
pf and the inductance will equal 
twice Lk or 0.78 µh. 

This entire procedure can be 
used for band-pass or band-re-
ject sections after deriving the 
values to be used on scale U. For 
C2,, and Lik, substraet f, (low-
frequency cut-off) from f, (high-
frequency cut-off) and use the 
result on scale U. To find the 
value on scale U for C16 and L2,„ 
use the relation fif,/(f,—fi). Lay 
this result on scale U for Ce and 
L2k• 

Example 2. Find the value of 
the components of a constant-
K bandpass T-section, 14 to 18 
Me, with a termination impe-
dance of 75 ohms. 

(1) Determine the value of f 
on U scale for C2,, and Lik. Since 
= 14 x 10° cps and f: = 18 

X 10° cps, then f = (18 — 14) 
x 10° cps. 

(2) Find 4 on scale U and 
connect with 75 ohms on scale V. 

(3) Significant figures of C2,„ 
from scale X: 0.00053. 

(4) Power of ten of C,,,: six 
(power of f) minus zero (power 
of impedance) equals six; change 
sign, (-6). Therefore, C2,, = 
0.00053 x 10' or 530 pf. 

(5) Find 4 on scale U and 
connect with 75 on scale W. 

(6) Significant figures of L1k, 
from scale Y: 2.95. 

(7) Power of ten of L,k: zero 
(power of impedance) minus six 
(power of f) equals minus six 
(-6). Hence, L,k = 2.95 x 10' 
or 2.95 µh. 

(8) Determine value of f on 
U scale for Ce and Le: f = 
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Left-4"x5" extra-large 
- Polaroid Land record— 'displaying ability to record full 10x10 cm 
- oscilloscope pattern. 
. Below—extremely fast 

risetime as recorded on 
' Polaroid Type 410 Pola. 
Scope Land film. BOTH 
PHOTOS TAKEN WITH 
NEW DU MONT TYPE 
450-A OSCILLOSCOPE 
, CAMERA. 

1 1111 
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t astest 
WITH DeIVIONT 4 I -A CAME A 
AND POLAROID LAND FILM 

...get the largest scope photos obtainable with a 
camera, and photograph extra fast risetimes sharply o 
10-second Polaroid Land films. Use the most versatile 
scope recording system in industry—the Du Mont Type 
450-A camera with interchangeable backs and lenses 
(plus 37 accessories for extending its capabilities even 
further), and Type 410 PolaScope Land film with an ef-
fective 10,000 ASA rating. This recording system, be-
cause of the permanent-like attachment (vs. movable) of 
the various lenses and the extremely high-speed film, 
provides the sharpest possible photos of risetimes up to 
2 nsec.. 10-second 4" x 5" Polaroid Land prints are 
"snapped" with the same camera simply by interchang-
ing backs and quick-disconnect lenses. 35 mm and 
moving-film records are made with the 450-A by similar 
interchanges. Send for completely detailed literature on 
this and • er Du Mont recording systems. 

iUMOIR 
ALLEN B. DU MONT LABORATORIES 
DIVISIONS OF 

RPO 

November 30, 1962 

r yff 

The NEW Du Mont 450-A 
Hinged swingaway back—elimi-
nating frequent mounting and 
removal 
Dark slide for light-tight inter-
change of camera backs 
Object-to-image ratios of 1:1 to 
1:0.222 with same camera 
Simultaneous data recording 

; 0 BLOOMFIELD AVENUE, CLIFT 
•_ . - 
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(fen = 6.3 X 10 cps. 
(9) Repeat Steps 2 through 7 

using 6.3 for f and determine: 
Cik = 0.00335 x 10' or 33.5 pf; 

HIGH PASS m-DERIVED 
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0.8 

0.9 

-0.9 
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- 0.8 

-- 0.7 
-r 

-,---- 0.6 

- 0.5 

0.4 

0.3 

_ 

-0.2 

C.) 

(NJ 
-J 

CD 

UJ 

UJ 
(J) 

e 

• = 1.9 x 10' or 0.19 ith. 
(10) Refer to Fig. 2C; the 

actual values are: L 2.95 2.95 1111, 
• = 33.5 pf, t L,,, = 0.095 i.th, 

V W 
0.100   100.0 

0 .050 - 50.0 

0,040  40.0 

0.030 -7 - 30.0 

0.020 

L" 0.007 

; 0.005 

n • 0.004 

0.003 

E 0.002 

0.001 

20.0 

7.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0005   0.5 

0.0003  0.3 

(C) 

X Y 
0.0050 5.0 

0.0040 - 4.0 

0.0030 - - 3.0 

0.0010  -  1.0 

0.0005 0.5 

HIGH-PASS m-derived filters (A), end sections (B) and 
nomograph for determination of component values-Fig. 3 

2C,,, = 1,060 pf. 
Band-reject sections are han-

dled in the same manner. 

THREE ELEMENT BAND-
PASS-There are two types of 
three-element bandpass filters, 
A and B (Fig. 2E and 2F), with 
a pi and T section each. The 
nomograph for the constant-K 
filter (Fig. 3C) is used in the 
same manner. The value of f for 
scale U is found from 

Type A: f for LI' and C2' 

f =f2 -fi for LI and C2 
=f12/(f2-.1.1) for L2 and CI 

Type B: f=(f2-faf2/fi for LI and C2 
f =M2/(.f2--.1.1) for L2 and Ci 

+f2) for L2' and CI' 

m-DERIVED SECTIONS-Con-
stant-K filters are adequate for 
some uses but the impedance 
does not remain constant as fre-
quency changes, and attenuation 
of frequencies near cut-off (but 
outside the passband) is often 
not sufficient. 

Several T-sections, connected 
in series, give any required at-
tenuation outside and passband, 
but a large number of them 
would often be necessary. To 
avoid the use of many constant-
K sections, m-derived sections 
with high attenuation charac-
teristics are used either alone or 
with constant-K sections. (See 
Fig. 3A, B and 4A, B, C.) 
The characteristic impedance 

and the frequency cut-off of the 
m-derived section must be the 
same as those of the constant-K 
sections. This is taken into ac-
count in the nomographs of Fig. 
3C and 4D. 
The value of m is determined 

from 

m = 1/1- (fc/f.)2 for low-pass filter, 

rn = (f./M2 for high-pass filter, 

where f, is the frequency cut-off 
and fo, is the frequency of in-
finite attenuation. 

Selecting f œ just above or be-
low cut-off (for low-pass and 
high-pass respectively) greatly 
increases the rate of attenuation 
outside the passband. Tandems 
of m-derived, or m-derived and 
constant-K, sections result in 
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LEACH SATELLITE RECORDER/REPRO-

DUCERS are now in orbit storing lots and 

lots and lots of data . . . playing back when 

and where needed. 

The unit shown here records on 1/4 -inch 

Mylar-base magnetic tape up to 210 min-

utes at 1.8 ips . . . transmits back to earth 

in 8:07 minutes. As it transmits, it erases 

itself and records all over again. 

Seven pounds light and seven inches 

narrow, this Leach Satellite Recorder/ 

Reproducer has taken the rockiest launch 

in stride, works in temperatures from 

—30°F to 130°F With an average power 

consumption of only 4 watts. 

If you're in the satellite making busi-

ness, you should make it your business to 

know more about this recorder/reproducer 

and how it can be adapted to your needs. 

You can know, too. Just send a line to 

Leach. You will get complete specs on this 

specially engineered recorder as well as 

other high environmental tape recorders— 

in the return mail. 

0 RAT I 0 N 
18435 Susana Road, Compton, CaIiL 
Export: Leach International S. A. 
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0.0050 
0.0040 

6.0 

5.0 
4.0 

0.0030  - 3.0 

0.0020  -•-•• 2.0 

0.0010 tr<z 

0.0007 

LC) 

2 0.0004 
L)- 0.0003 

0.0002 

0.7 

0.5 
0.4 

0.3 
12-f-

X I( 

0.0050 - 5.0 

0.0040 I= - 4.0 

0.0030  3.0 

• 0.0020 

u_ 

_e 

=_. 

_ 0.2 0.0010   1.0 

0.0001  0.1 

0.00005 0.05 

0.00002   

(D) 

0.02 

0.0005 0.5 

high attenuation over the entire 
stopband. (See Fig. 4C.) 

At m = 0.6, the filter's im-
pedance is nearly constant for 
frequencies lower than 0.85 f„ 
(low-pass) or higher than 1.19f, 
(high-pass) ; thus, these sections 
are best suited for connection to 
constant impedance lines. 

To use the nomographs, first 
determine the values of C,, and L,, 
with the constant-K nomograph 
as was done before. After pick-
ing m on the basis of the pre-
vious discussion or using the 
nominal value m = 0.6, deter-
mine the intermediate values of 
C„ C„ L„ and L2. The ultimate 
values of these are determined 
from reference to the schematics 
as was done before. 
To find C,: Line a straightedge 
between the values of C,, on scale 
X and m on scale T. Read the 
value for C, from scale V. 
To find C2: Line a straightedge 
between the value of C,, on scale 
X and m on scale U. Read the 
value of C, from scale V. 
To find L,: Line a straightedge 
between L,, on scale Y and m on 
scale T. Read the value of L, 
from scale W. 
To find L2: Line a straightedge 
between L,, on scale Y and m on 
scale U. Read the value of L2 
from scale W. 
When a power of ten is in-

volved for C,. or L,„ the same 
power is transferred to the re-
sults read from scales V and W 
for C,, C,, L, and L2. 
The calculation of attenuation 

can be accomplished by any one 
of four or five methods and can-
not be conveniently displayed 
graphically. 

BIBLIOGRAPHY 
P. 11. Moles "Filter Design Data for 

Communications Engineers," 1st Ed., 
John Wiley & Sons, N. Y., 1962. 

LOW-PASS m-derived filters (A), end sections (B), mixed 
constant-K and nt-derived (C) and nomograph for deter-
mination of component values (D)-Fig. 4 
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1586 

PROVEN NUVISTOR RELIABILITY 

- 

- 
l 

U. 7o U.b 0.8 
FAILURE RATE—°/o PER THOUSAND HOURS 

RCA-7586 FAILURE RATE IS: 

1.0% 

0.36% OR LESS PER THOUSAND HOURS WITH A 95% CONFIDENCE LEVEL 
... and at a 50% confidence level, the failure rate is only 
0.084% or less per 1,000 hours. These extremely low 
failure rates shown with corresponding confidence levels 
on the chart above, are based on more than 1,000,000 
tube hours of actual life testing. Many of the life tests 
have been run beyond 5000 hours with no sustained 
downward trend in transconductance observable in the 
distribution. 

This data indicates you can be 95% sure that RCA-
7586 nuvistor triodes, operated under conditions equiva-
lent to those described, would have less than 4 failures 
out of each 100 tubes after 10,000 hours of operation. 

These life test results demonstrate conclusively the 
extra reliability the tiny nuvistor tube brings to your 
electronic systems. 

FIELD OFFICES: 

EAST: 744 Broad St., Newark 2, New Jersey 
HUmboldt 5-3900 

MIDWEST: Suite 1154, Merchandise Mart Plaza 
Chicago 54, Illinois 
WHitehall 4-2900 

WEST: 6801 E. Washington Blvd. 
Los Angeles 22, Calif. 
RAymond 3-8361 

1838 El Camino Real, Burlingame, Calif. 
OXford 7-1620 

Heater Volts 
Heater-Cathode Volts 
Plate Volts 
Plate-Supply Volts 
Grid Volts 
Cathode Resistor—Ohms 
Grid-Circuit Resistance—Megohm 
Metal-Shell Temperature—°C 
Plate Dissipation—Watts 

Tests were conducted under two sets of field conditions 
as shown: 

NUVISTOR LIFE TEST CONDITIONS 

Test 
Conditions 

#1 

6.3 
100 
100 

—1.- 85 

0.- 5 
150 
1 

Test 
Conditions 

#2 

6.3 
o 

75 

100 
0.5 
150 
0.75 

Start now to give your circuits the extra advantage of 
nuvistor reliability and performance. For technical data 
on the 7586, get in touch with your RCA Field Repre-
sentative or write Commercial Engineering, Section K-
19-DE-4, RCA Electron Tube Division, Harrison, N.J. 

The Most Trusted Name in Electronics 
WM-

1.2 
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NOW OPERATIONAL...ONE YEAR AHEAD OF SCHEDULE...VIOR 

2800 acres ... an area greater than two 
dozen Pentagon Buildings ... two iden-
tical antenna arrays . . . center towers 
nearly as high as the Empire State 
Building support the gigantic spider web 
of steel towering a thousand feet up and 
embracing two square miles .. . nearly 
an entire peninsula at Cutler, Maine. 
(Arrow indicates comparative size of 
Helix House to tower.) 

(Arrow points to truck. Compare 
Helix House size in first photo.) 
8-story Helix House contains an-
tenna coupling and automatic 
de-icing equipment to rid the 
immense antenna system of ice. 
Buried beneath the ground: an-
other 11 million feet of copper 
wire in the radiating system ter-
minating in the sea water itself. 

42 counter-weight towers-
36 of them like this—carrying 
tremendous counter balances 
of 202 tons each to maintain 
and correct antenna tension 
and strain from winds up to 
150 knots or ice forming on 
the 64 miles of bronze 
antenna. 

THIS AMAZING ENGINEERING ACHIEVEMENT RESULTED FROM SUPERB 
TEAMWORK BETWEEN THE PRIME CONTRACTOR—CONTINENTAL ELEC-
TRONICS . . . THE UNITED STATES CONGRESS . . . AND THE U.S. NAVY . . . 
WORKING TOGETHER IN HARMONY TO STRENGTHEN AND SOLIDIFY NA-
TIONAL DEFENSE. THAT THE U.S. NAVAL RADIO STATION AT CUTLER WAS 
COMPLETED IN RECORD TIME, ONE FULL YEAR AHEAD OF SCHEDULE IS ADE-
QUATE TESTIMONY TO THE SMOOTH EFFICIENCY OF THIS COMBINED EFFORT. 

Enormous variometer coil for 
inductance to tune the antenna 
system through a range of 14 to 
30 KC . . . very low frequency. 
These VLF radio waves pene-
trate the depths of the sea to 
submerged submarines. 

MANUFACTURING 
4212 South Buckner Boulevard • Dallas 27, texas 

DESIGNERS AND BUILDERS OF THE WORLD'S 
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I'S MOST POWERFUL TRANSMITTER...1,000,000 WATTS VLF 

Huge Helix coil 20 feet in diameter and 40 feet 
tall is wound with 31/2 inch Litz Wire ... just 
one of the scores of huge components that 
combine to give this new communication 
station maximum power ... range ... reliab-
ility ... and the special penetration possibil-
ities VLF possesses that no normal high fre-
quency radio provides. 

Control console and portion of the unique 
CEMC Type-125 2,000,000 watt VLF Trans-
mitter that propagates along the curvature 
of the earth instead of bouncing off the IONO-
SPHERE: thus eliminating dead communica-
tion areas or skip distances to give this Naval 
voice of command greater range and improved 
reliability. 

In one instant 2,000,000 watts will blast the 
U. S. Navy's voice of command around the 
world. At the control console, during opera-
tion, push-button simplicity provides a new 
and highly reliable major element of command 
to the U. S. Navy .... another element of that 
might by which the nation promotes the 
keeping of the peace. 

WORLD'S MIGHTIEST VOICE 
OF COMMAND TO HELP KEEP 
THE PEACE. OFFERING NEW 

RELIABILITY 
DEPENDABILITY 

MAINTAINABILITY 
ONE FULL YEAR AHEAD OF SCHEDULE! 

COM FAN 
'green 1-7161 SUBSIDIARY OF LING-TEMCf.l• OIMIT, INC. 

MOST POWERFUL R;N:1340 TRANSMITTERS ,„yr 

— : me lie efflin II IN 1111». 



(RUGGEDIZED) 
Designed for rugged application and space proven by such leading systems manufacturers as 

Goddard Space Flight Center, Motorola Inc., and Jet Propulsion Lab. Midland quartz crystal units, utilizing 

the exclusive 1-Mount, are available in a frequency range from 1.65 MC to 150 MC in the Type ML-61 
holder and 10 MC to 150 MC in the Type ML-181 crystal holder. Typical standard production limits 

in this 1.65 MC to 150 MC frequency range are 0°C to +60°C @ +.0005% frequency tolerance 
and —55°C to +105°C @ .0015% frequency tolerance. Exact tolerance for a given temperature 

range is determined prior to purchase according to application requirements. For complete listing and 
technical data on standard quartz crystals, holders, and mounts available for immediate delivery, 

write for catalog, "Midland Crystals and Crystal Filters — for military and commercial applications". 

D ore 

IT! 

"/ORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS AND CRYSTAL FILTERS 

SHOCK: 150 G (1 1 MS) 
VIBRATION: 25G (20-2KC) 

TYPE ML-6J 
1.65 MC 

-150 MC 

TYPE ML-18J 
10 MC-150 MC 

I- 402 -I, -350:--

530 t.. 435 -a, 
- _L in .i 

1.500 -.193 
I -H.017 6tt 

111111111MIS 

MANUFACTURING 
COMPANY 

DIVISION PACIFIC INDUSTRIES INC. 
3155 Fiberglas Rd., Kansas City 15, Kan. 

CIRCLE 203 ON READER SERVICE CARD 

FREE FLOW WITHOUT CLOGGING ... 

KETTLE VALVES 

ELECTRICALLY 
HEATED 

with 

TRENT 
CARTRIDGE 
HEATERS 

High grade nickel chromium heater coils run parallel in 
pre-formed ceramic insulator . . . assure fast, uniform 
heat response. Select from complete range of terminal 
styles, including specially insulated pigtail type. Heaters 
use brass or steel sheath (stainless steel on order). 
Available from 3/8" to 15/16" diameters; 30 to 1000 watts. 
Write for Bulletin 74-TE. Let A TRENT Electrical Heating 
Specialist show you the many applications for TRENT 
Cartridge Heaters. 

COOP 

TI "RUE 1\111% 
' Electrically Heated Industrial Equipment 

uuuu ,u uuuu. 203 Leverington Ave., Philadelphia 27, Pa. 

In Canada: Pioneer Electric Eastern Ltd., Toronto 
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CAANYPHANIPPR',C.Y 
TO 0.00000003% 

WITH THE SOLID STATE MODEL LF 400 VLF RECEIVER/CORRELATOR 
The new Interstate Model LF 
400 VLF Receiver/Correlator 
tunes any of three VLF world-
wide transmissions, and elec-
tronically compares the signal 
phase to a local oscillator for 
calibration of local equipment. 
Accuracy of 3 parts in 10 billion 
over a few hours is easy to 
attain. In addition, the rugged solid state unit, with I microvolt 
sensitivity, provides an output timing pulse synchronized to the 
incoming VLF signal. Write for brochure. 

' 

;et I 
• # 4.„ 

WRITE TO: Onladale flICTROMCS CORPORIITIOR 
707 East Vermont Ave. • Anaheim, California • Phone 714-772-2222 

(A subsidiary of Interstate Engineering Corporation) 
NATIONWIDE REPRESENTATIVES 

ANOTHER,..ededak SOLID- date INSTRUMENT 
"nr 

CIRCLE 204 ON READER SERVICE CARD 
electronics 



DESIGNED TO MEET MIL-C-21097 
Series 600-11 with "Bellowform" Contacts and Polarizing Slots 

Polarizing slots in molding permit 
any required polarization. 

Plastic Polarizing Key is easily 
inserted in slots, 

eliminating the removal 

of a contact position. 

Three contact terminal variations 
available with wire hole solder 

lug; dip solder lug; slotted 
solder lug. 

DESIGNERS' DATA FILE 
If you're designing around printed circuits you'll want 
to have Continental's Con-Dex File PC11, compiled to 

help you select and specify the PC connectors best 

suited to your needs. For your copy, please write to: 
Continental Connector Corporation, 34-63 56th Street, 
Woodside 77, New York, or call TW 9-4422. 

MICRO-MINIATURE • SUB-MINIATURE • MINIATURE • PRINTED 

CONT 
co 

AL CONTINENT 

Available in a variety of mounting 
types: Through Hole; Threaded 
Insert; Floating Bushing and 

Threaded Floating Bushing. 

15 dual beryllium copper 

patented "bellowform" contacts 

provide 30 terminations. Also 

available in 6, 10, 18 and 22 
dual contacts for 1/16" 

printed circuit board. 

Special molding geometry assures 

greater ruggedness under severe 

shock and vibration. Compound 

is glass filled Diallyl Phthalate 
per MIL-M-19833, 
Type GDI-30. 

CIRCUIT • RIGHT ANGLE PIN & SOCKET • CENTER SCREWLOCK 

MENTAL 
HECTORS 

CONNECTOR CO R PO R A T ION • WOO DS! DE 77, NEW YORK 

November 30, 1962 CIRCLE 103 ON READER SERVICE CARD 103 



Zero Failures in Over a Million Tube Hours 

a proven new high 
in reliability for 
frame grid tubes 

AMPEREX, largest manufacturer of frame grid tubes, 
announces two 10,000-hour Premium Quality tubes, types 6922M and 7737M, 

with specified failure rates exceeding the reliability requirements of 
Mil Specs MIL-E-1/1168A and MIL-E-1/1451 respectively. 

In a stringent four-year reliability testing program, the 
AMPEREX 6922M twin triode, designed for use in radar, 
oscilloscopes, computers, broadband amplifiers and critical 
airborne applications, achieved a failure rate of 0.10%/ 
1000 hours for inoperatives and 0.17%/ 1000 hours for 
total failures. 2860 tubes were each tested for 1000-hour 
periods for a total of 2,860,000 tube hours. 
DATA: TYPE 6922M: Gm -12,500 itmhos at 15 ma.; Ampli-
fication Factor-53, AFR —1.0%/ 1000 hours; Mechanical 
Outline T-61/2 , 9-pin miniature, maximum height 
The 7737M, a ruggedized, non-microphonic version of 

the JAN 6688, was similarly tested. This Premium Quality 
pentode was designed for critical airborne applications, 
coaxial cable amplifiers and video and broadband IF am-
plifiers in communications and radar equipment. In 1962, 
the 7737M achieved a failure rate of zero %/ 1000 hours 
for inoperatives and 0.75%/ 1000 hours for total failures. 

DATA: TYPE 7737M: Gm-16,500 tenhos at 13 ma.; Ampli-
fication Factor-33, AFR —1.0%/ 1000 hours; Mechanical 
Outline T-61/2 , 9-pin miniature, maximum height 11/2 ". 

The 6922M and 7737M are available in production quan-
tities, with specified failure rates, to MIL Specs MIL-E-1/ 
1168A and MIL-E-1/ 1451 respectively. To guarantee the 
Specified Failure Rates, the military specifications require 
test procedures using one acceptance figure for a cumula-
tive total of 250 tubes resulting from 5 successive samplings 
of 50 tubes each, and another acceptance figure for the 
individual 50-tube samplings. This procedure, employing 
the unusually large quantities of tubes in both the indi-
vidual samplings and the total cumulative samplings, guar-
antees the statistical significance and accuracy of the 
result. Results achieved in 10,000-hour life tests of individ-
ual lots of both tube types enable us to guarantee the 
reliability and specify the failure rates of these tubes. 

The complete story of this unparalleled achievement in tube reliability is available in a new brochure: "Guaranteed 

Reliability with AMPEREX Premium Quality Frame Grid Tubes." This new brochure describes the production 

techniques used in the manufacture of AMPEREX frame grid tubes and presents a detailed analysis of how 
AMPEREX conceived and conducted these reliability tests and life studies. Write for your free copy to: AMPEREX 

Electronic Corporation, Special Purpose Tube Department, 230 Duffy Avenue, Hicksville, Long Island, New York. 

IN C. 11.07, PHILIPS CI.C,1,011 CLYIACS LTD., VA,DCRHOOF AVC,VE. TORONTO 17, ONTARIO 

....,:iiiie.....,.-_, 
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RESEARCH AND DEVELOPMENT 

Interferometer Is Designed for Gemini Radar 

System permits use of 
low-inertia antenna to 
aid space rendezvous 

SATELLITE rendezvous in the 
Gemini series may be accomplished 
with radar using a small, low-inertia 
antenna. In this application, an in-
terferometer antenna can provide 
angular accuracies comparable to 
those of the much larger antennas 

DIFFERENCE (A) 

Pi4NE w4vE 

eL4NE tv4vE 

MATCHED 
LOAD 

(B) 

CONVENTIONAL interferometer (A) is modified (B) for 
Gemini radar—Fig. 

FRON T 

FRONT 

SUM 

HYBRID 

AMPL 

generally used with fire-control 

radar. 
The interferometer was described 

at the 1962 National Symposium on 
Space Electronics and Telemetry in 
a paper by M. S. Wheeler and P. S. 
Hacker, Air Arm Division, Wes-
tinghouse Electric Corp. 
The radar to aid two satellites in 

similar orbits to rendezvous will ac-
quire at ranges of 250 miles and 
track in range and angle in to 20 
feet. This performance is feasible 

ROTATABLE 
ANTENNA v 

VIDEO 
SUBTRACTION 

PHASE 
DITHER 
OSC 

use with 

using a cooperative system (radar 
transponder) having a delayed re-
turn offset in frequency. 
The interferometer antenna will 

acquire targets within ±-25 degrees 
in azimuth and elevation and track 
with an accuracy of about 1 milli-
radian. This type tracking is pos-
sible because of the cooperative 
radar, which gives a high signal-to-
noise ratio and has low angular 
glint, and because of the relatively 
low angular rates. 

PRINCIPLE—The interferometer 
measures a space angle by compar-
ing phase of the signals from two 
antennas, as in Fig. 1A. The effect is 
that of a phase monopulse antenna 
in which the difference pattern can 
be moved by shifting phase until 
the null coincides with the target. 
The variable phase delay deter-
mines angle O when the difference 
arm of the hybrid is nulled. The hy-
brid ensures antenna matching to 
the sum and difference terminals in-
dependently of the phase delay. 
For automatic tracking, this in-

terferometer requires gain channels 
in both the sum and difference arms 
of the hybrid and a precise variable 
phase delay. These problems have 
been solved by the Gemini system in 
Fig. 1B. To steer the null, phase is 
shifted by rotating a circularly po-
larized antenna in a circularly po-
larized field of like rotation sense. 
Phase shift is exactly linear with 
rotation angle. This approach is 
feasible because transponder polar-
ization can be specified. 
Phase delay is modulated (dith-

ered) in one arm of the interfer-
ometer synchronously with pulse 
repetition rate. Using a single-
channel receiver, phase on alternate 
receptions is changed ±à. The final 
error is the video difference signal 
between adjacent pulse returns. 
Error sensing is thus the same as 
with sequential lobing. 
The two difference patterns are 

shown in Fig. 2 for a phase shift of 
+à and —à when the target is O„ 
degrees from broadside. The error 
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REGULATED DC SUPPLY 
GROUP 

10 IVIODELS 
from Cb - 2111/1* 

to CZ) - 25 0 OU/2 m a 
STABILITY: Less than 0.05% or 3 mv, whichever 
is greater, over a period of 8 hours at constant 
ambient temperature. 

RIPPLE: Less than 0.5 millivolt rms. 

RECOVERY TIME: 50 microseconds. 

AMBIENT OPERATING TEMPERATURE: -20°C to +50°C 
maximum. 

TEMPERATURE COEFFICIENT: Output voltage changes 
less than 0.05% per °C. 

INPUT REQUIREMENTS: 105-125v ac, 50-440 cycles. 

PROMPT DELIVERY . . . MOST MODELS FROM STOCK 

FOR DETAILED SPECIFICATIONS ON MORE THAN 250 STANDARD MODEL POWER SUPPLIES SEND FOR KEPCO CATALOG B-621 

0.05% REGULATION and STABILITY 
TRANSISTORIZED MODELS 

MODEL 

DC OUTPUT 
RANGE 

VOLTS AMPS 

INPUT 
AMPS 
(MAX.) 

OUTPUT 

DC to 
100 CPS 

IMPEDANCE 
OHMS MAX 

100 CPS 
to 1 KC 

1 KC-100 KC 
(+ ¡thy)* PRICE 

ABC 2-1M 0-2 0-1 0.3 0.001 0.01 0.1 +0.5 $179 
ABC 7.5-2M 0-7.5 0-2 0.5 0.002 0.01 0.05+0.5 $159 
ABC 15-1M 0-15 0-1 0.5 0.008 0.01 0.02+0 .2 $159 
ABk30-0.3M 0-30 0-0.3 0.3 0.05 0.02 0.1 +1 $119 
ABC 40-0.5M 0-40 0-0.5 0.5 0.04 0.02 0.04+0.2 $159 

HYBRID MODELS 

MODEL 

DC OUTPUT 
RANGE 

VOLTS MA 

INPUT 
AMPS 
(MAX.) 

OUTPUT 

DC to 
100 CPS 

IMPEDANCE 
OHMS MAX 

100 CPS 
to 1 KC 

1 KC-100 KC 
(+ Achy)* PRICE 

ABC 200M 0-200 0-100 0.5 1 0.5 2+1 $199 
ABC 425M 0-425 0-50 0.5 4 1 2+1 $199 
ABC 1000M 0-1000 0-20 0.5 25 2 2+1 $274 
ABC 1500M 0-1500 0-5 0.3 150 2 2+1 $274 
ABC 2500M 0-2500 0-2 0.3 625 2 2+1 $334 

*Effective series inductance. 

I I 131-38 SANFORD AVENUE • FLUSHING 52, N.Y., U.S.A. • Phone (212) IN 1-7000 
TWX# (212) 539-6623 • Cable Address: KEPCOPOWER, NEWYORK 

See our Catalog in 

leireiciri sec. 
4000 



ANTENNA 
CAPABILITIES 

The advanced design and pre-
cision construction of Ainslie 
antenna systems and associ-
ated equipment bear testimony 
to nearly two decades of micro-
wave communication, detec-
tion and identification expe-
rience. By virtue of complete 
design -to- delivery capabilities 
and facilities, Ainslie Corpora-
tion offers its customers not 
only comprehensive standard 
lines of mesh, spun and horn 
antennas, but also the flexibil-
ity required to develop custom 
designed prototypes for on-
schedule delivery. 

We invite your inquiry. 

531 Pond Street 
Braintree 85, Massachusetts 

CORPORATION 

PHASE 
ZERO 

ERROR 
DELAY SIGNAL 

(A) 

'100 PERCENT 
:MODULATION 

(B) 

+4 

AZIMUTH ANGLE 

AZIMUTH ANGLE 

ERROR signal (A) for phase dither 
is shown with final error signal (B) 
after video subtraction—Fig. 2 

signal for target angle O can be 
nulled by changing phase delay so 
that 0 = — (27T/À) d sin 00. 

GEMINI ANTENNA—In the in-
terferometer, four Archimedian 
spiral elements spaced a quarter 
wavelength above the ground plane 
are arranged in a square. The ele-
ment in one corner is one of a pair 
along the perpendicular axis and 
does not rotate. The element in the 
opposite corner is the transmitter 
and is also stationary. Rotating 
elements in each coordinate for zero 

differential phase delay (excluding 
dither phase) results in a null from 
the video subtraction circuit when 
the target is directly ahead of the. 
antenna. A target return from any 
other direction produces an error 
signal, which is used to control the 
rotatable antennas to track the 
transponder on the mating vehicle. 
Space angles to the target are ob-
tained from the direction cosines 
read from pickoffs on the antenna 
shafts. 

This antenna design with its 
balun produces on-axis circularity 
of 0.2 db. Relative gain of one spiral 
to the other within 50 degrees of 
the forward axis is within 0.1 db. 

ELEMENT SPACING — Large 
spacing between antenna elements 
in a two-element interferometer 
permits angles to be determined 
more accurately because of the 
large change in phase relative to a 
change in space angle. However, 
many nulls appear in the forward 
direction as spacing is increased, 
making angular indications ambig-
uous. For this application, antenna 
spacing was made as large as pos-

CRT Displays in Three Dimensions 

EXPERIMENTAL model of three-dimensional display device is shown dur-
ing tests at Hughes Research Laboratories. See ELECTRONICS, p 54, Nov. 2 
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Sanborn 
data 
amplifiers 

(Three types available now — more on the way) 

e 
rof 

Match amplifier characteristics much more closely to your 
over-all system, requirements — and pay for only the per-
formance you need — by choosing from these newly-
developed, all solid-state DC data amplifiers now available 
from Sanborn. Ask your local Sanborn Sales-Engineering 
Representative for complete specifications, application 
help and a copy of the Industrial Division Catalog — or 
write the Main Office in Waltham. 

Wide Band, Floating Input—Floating Output "FIFO" 

Bandwidth DC to 3 db down at 10 KC • Input isolated 
from output • Max. gain 1000, smooth gain covers inter-
mediate ranges or switch out for calibrated gains of 1000 to 
50 • Input impedance 100 meg. min. at DC, output im-
pedance 60 ohms • Output capability ± 10 V at 10 ma • 
Common mode rejection (1000 ohms in either input lead) 
160 db at DC, 120 db at 60 cps • Linearity ±0.1% of 
10 V full-scale at DC • Recovery from 500% overload is 
300µsec to 1% of f.s. output • Recovery from 20 V over-
load is 1 millisecond to 1% of f.s. output • Model 860-
4000 "FIFO", $825. Model 860-4000P (grounded output 
± 5 V at ± 100 ma, impedance less than 1 ohm), $900. 

(Specifications and prices subject to change without notice; prices are FOB Waltham, Mass.) 

DC-50 KC, 3-Terminal Floating Amplifier 
Gain 1000 to 10 in 1, 2, 5 ratios; does not phase invert • 
Input impedance 100 meg. at DC • Output ± 10 V ± 100 
ma, impedance less than 0.2 ohm • Linearity ± 0.01% of 
10 V output • Gain stability ± 0.01% at DC at constant 
ambient for 40 hours • Model 860-4200, including internal 
power supply, $650. 

Narrow Band, Floating Input — Floating Output 

Bandwidth DC to 3 db down at 100 cps • Optional plug-in 
output filters to limit bandwidth • Floating input isolated 
from floating output • Gain 1000 to 10; fixed step attenu-
ator, gain trim and zero trim controls • Input impedance 
300,000 ohms min., output impedance 75 ohms • Output 
± 5 V, ±2.5 ma • Linearity ±0.05% of 5 V output • 
Recovers from ± 10 V overload in 200 ms • Common mode 
rejection (1000 ohms in either input lead) 130 db at 60 cps • 
Model 860-4300, $425. 

INDUSTRIAL - ' DIVISION 
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175 Wyman Street, Waltham 54, Massachusetts 

A SUBSIDIARY OF HEWLETT-PACKARO COMPANY 
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ON THE SHELF-
ARNOLD CORES 
IN WAREHOUSE STOCK 
FOR IMMEDIATE DELIVERY 

401% 

e • 

u 
• 

di} 

IRON POWDER 

CORES 

MO-PERMALLOY 

POWDER CORES 

• e 

6T TAPE CORES: 

DELTAMAX,SQUARE 

PERMALLOY and 

SUPERMALLOY 

SILECTRON 

C, E and 0 CORES 

Let us handle your inventory problems 
and save you time and money on your 
magnetic core requirements. 

Extensive stocks of four types 
of Arnold cores in the most popu-
lar sizes have been set up in our 
Marengo, Illinois and Fullerton, 
Calif. plants. Subject of course to 
temporary exhaustion of stock by 
prior sales, these cores will be 
shipped the same day on orders re-
ceived at the warehouse by 12:00 
noon. When cores are out of stock 
at the nearest plant, we may be 
able to ship within 24 hours from 
the other. 

Arnold core products covered 
by this warehouse stock program 

include: 1) Silectron C, E and 0 
cores in 2, 4 and 12-mil tape. 2) 
Type 6T aluminum-cased cores of 
Deltamax, Square Permalloy and 
Supermalloy, in 1, 2 and 4-mil 
tape. 3) Mo-Permalloy powder 
cores, both temperature-stabilized 
and unstabilized types, ranging. 
down to 0.260" diameter. 4) Iron 

powder toroids, threaded cores 
and insert cores. 

All four products are available 
in a wide range of selection, for 
your convenience and economy in 
ordering either prototype design 
lots or regular production quanti-
ties. • Stock lists and technical ma-
terial are available—write for data. 

ADDRESS DEPT. E-11 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 

2990 RIA 

ting, eight xenon flash lamps on a 
revolving drum are used. The lamps 
can be fired individually or in se-
quences of two, four or eight. 

Repeat firing of lasers at rapid 

rates is presently restricted by the 
cooling-off time required for the 
xenon lamp. The use of multiple 
lamps will enable pulse rates to be 
increased while providing the cool-
off time needed for each lamp. After 
additional testing, the firm expects 

to be able to determine and con-
trol energy level and output re-
quired for welding and cutting. 

In industrial applications, laser 
beams will provide a means for 
melting small controlled areas of 
the pieces to be joined without con-

tamination. Similarly, they will en-
able materials to be cut and vapor-
ized. The accurate straight line of 
the laser beam is also promising 
for optical tooling and could be used 
to produce almost perfectly aligned 
missile assemblies and aircraft 
wing sections. 

Heat Waves Reveal Moon 
Is Colder Than Supposed 

LUNAR night gets at least 30 de-
grees colder than has been sup-
posed. Also, hot spots on the moon 
remain warm several days after 
the lunar sunset. These and other 
conclusion are based on observa-
tions made using a new infrared 
telescope. 

The instrument is said to be 20 
to 50 times more sensitive than 
previous systems for measuring 
temperatures of comparitively cold 
celestial obejects. It is operated by 
California Institute of Technology 
at a site 13,000 feet above sea 
level. The telescope senses radiation 

through a window in the earth's 
atmosphere that passes infrared 
having a wavelength of about 0.01 
millimeter. The project, sponsored 
by the Caltech Division of Geologi-
cal Sciences, receives support from 
the National Science Foundation 
and the National Aeronautics and 
Space Administration. 

Sensitivity of the telescope re-
sults partly from the use of gold-
surfaced mirrors, which are very 
effective in reflecting infrared 
waves. Also, a special germanium 
crystal detector is used that is 
doped with mercury atoms and 
cooled by liquid hydrogen to about 
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Sanborn 
data 
amplifiers 

(Three types available now — more on the way) 

Match amplifier characteristics much more closely to your 
over-all system requirements — and pay for only the per-
formance you need — by choosing from these newly-
developed, all solid-state DC data amplifiers now available 
from Sanborn. Ask your local Sanborn Sales-Engineering 
Representative for complete specifications, application 
help and a copy of the Industrial Division Catalog — or 
write the Main Office in Waltham. 

Wide Band, Floating Input— Floating Output "FIFO" 

Bandwidth DC to 3 db down at 10 KC • Input isolated 
from output • Max. gain 1000, smooth gain covers inter-
mediate ranges or switch out for calibrated gains of 1000 to 
50 • Input impedance 100 meg. min. at DC, output im-
pedance 60 ohms • Output capability ± 10 V at 10 ma • 
Common mode rejection (1000 ohms in either input lead) 
160 db at DC, 120 db at 60 cps • Linearity ±0.1% of 
10 V full-scale at DC • Recovery from 500% overload is 
300µsec to 1% of f.s. output • Recovery from 20 V over-
load is 1 millisecond to 1% of f.s. output • Model 860-
4000 "FIFO", $825. Model 860-4000P (grounded output 
± 5 V at ±100 ma, impedance less than 1 ohm), $900. 

(Specifications and prices subject to change without notice; prices are FOB Waltham, Mass.) 

DC-50 KC, 3-Terminal Floating Amplifier 
Gain 1000 to 10 in 1, 2, 5 ratios; does not phase invert • 
Input impedance 100 meg. at DC • Output ± 10 V ± 100 
ma, impedance less than 0.2 ohm • Linearity ± 0.01% of 
10 V output • Gain stability ± 0.01% at DC at constant 
ambient for 40 hours • Model 860-4200, including internal 
power supply, $650. 

Narrow Band, Floating Input — Floating Output 

Bandwidth DC to 3 db down at 100 cps • Optional plug-in 
output filters to limit bandwidth • Floating input isolated 
from floating output • Gain 1000 to 10; fixed step attenu-
ator, gain trim and zero trim controls • Input impedance 
300,000 ohms min., output impedance 75 ohms • Output 
± 5 V, ±2.5 ma • Linearity 0.05% of 5 V output • 
Recovers from ± 10 V overload in 200 ms • Common mode 

rejection (1000 ohms in either input lead) 130 db at 60 cps • 
Model 860-4300, $425. 

INDUSTRIAL ' 0  DIVISION 
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175 Wyman Street, Waltham 54, Massachusetts 
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PRECISION 

PRODUCTION 
PROBLEMS? 

Here's help 

from 

Bausch & Lomb 

in 

DR-25B 
OPTICAL GAGE 
Fastest, easiest 
way to measure 
depth, thickness, 
height, diameter, 
taper. Read direct 
to 0.0001" on 
bright, magnified 
scale. 

TOOLMAKERS' 
MICROSCOPE 
Wide field of view, 
bright shadow-free 
light and wide reti-
cle lines for fast, 
easy linear meas-
urements to 
0.0001"; angular, 
to 1 minute of arc. 

STEREOZOOM' 
MICROSCOPES 
Big, bright 3-D 
views of tiny parts. 
Zoom to any mag-
nifications you 
need for assembly, 
inspection. Dust-
proof, shockproof— 
can be mounted 
right in machines. 

ZOOM 
MACROSCOPE 
Measure direct to 
0.0001" — at any 
magnification from 
10x to 30x — with 
constant focus 
throughout. 

BAUSCH 8c LOMB 

TOOL DESIGN 

INSPECTION 

FABRICATION 

MEASURING 

TESTING 

10" BENCH 
PROJECTOR 
Magnifies silhou-
ette of production 
part on high-con-
trast, wide-angle 
screen for measure-
ment or compari-
son with template. 
Optional micro-
meter stage reads 
to 0.0001". 

SCRATCH 
DEPTH GAGE 
With this simple 
hand - held instru-
ment you can meas-
ure the depth of 
any scratch to 
0.0001", with a 
range of 0" to 
0.015". 

OIE-WEAR 
MICROSCOPE 
See readily if die 
needs sharpening, 
and exactly how 
much metal must 
be removed. Direct, 
easy-to-read meas-
urement of die 
wear up to 0.020" 
. . . accurate to 
0.0001". 

BAUSCH & LOMB INCORPORATED 

61435 Bausch St., Rochester 2, N. Y. 

Please send literature on optical production 
aids checked below: 

o DR-25B Optical Gage D Toolmakers' Micro-
scope D Stereozoom Microscopes D Zoom 
Macroscope El 10" Bench Projector 13 Scratch-
Depth Gage D Die-Wear Microscope 

NAME   

TITLE   

COMPANY   

ADDRESS   

CITY   ZONE STATE   

sible without ambiguity within —30 
degrees of the forward axis. This 
spacing is one wavelength, and it 
should be used because it results in 
the largest error signal for a given 
error angle. 

Since the largest unambiguous 
element spacing results in the 
greatest phase delay for a given tar-
get angle, this spacing eases re-
quired accuracy in measurin g 
phase. The one-wavelength spacing 
also provides the required degree of 
isolation between spiral antennas 
having the same sense of polariza-
tion. Also, coupling between ele-
ments is constant as the elements 
are rotated. 

Pulse Response Is Used 
For Airborne Prospecting 

OPERATIONAL airborne prospecting 
system is based on transient re-
sponses of the ground to pulses of 
electromagnetic energy. Extensive 
investigations of this principle were 
reported from Canada at the Second 
Symposium on Remote Sensing of 
Environment, sponsored by the In-
stitute of Science and Technology, 
University of Michigan. 

Pulse lengths varying between 
fractions of a microsecond to 1.5 
milliseconds are being used, accord-
ing to A. R. Barringer of Barringer 
Research Ltd., Toronto. The pulses 
contain both a-f and r-f compo-
nents. In the airborne system, the 
receiving equipment is designed to 
measure characteristics of the tran-
sient decay of eddy currents in the 
underlying terrain. 

Additional research has been 
carried out using unipolar pulses 
ranging in duration from 1 to 40 
microseconds. The transient re-
sponses to these pulses are a func-
tion of both conductivity of the 
ground and its dielectric constant. 

High-Pulse-Rate Laser 
Will Weld Exotic Metals 

LAsEn now undergoing tests is ex-
pected to be able to machine and 
trim any material. High power is 
combined with a high pulse rate 
in the new ruby laser developed by 
General Dynamics/Convair. 
To achieve sufficiently high pulse 

rates for effective welding and cut-
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New 
micro-miniature 

4-pole latching relay 
has sealed coils 

for greater reliability 

TL SERIES This new latching relay's high inherent reliability is due 
to hermetically sealed coils, bifurcated gold plated silver alloy contacts 
and a unique magnetic structure. 

Other features: Fast operate time, virtually no bounce, high shock (in 
excess of 100g) and vibration (30g to 2000 cps) resistance, small size 
(0.56 cubic inch). This relay meets or exceeds all applicable sections of 
MIL-R-5757D and PD-R 187. 

Engineering samples are now available from Potter&Brumfield. Call 
your P&B representative for complete information. 

PAS STANDARD RELAYS ARE AVAILABLE AT 

TL., ENGINEERING SPECIFICATIONS 

Size: 1.031' long, .725" wide, .750" high max. 
Weight: Approx. 1'/, ozs. 

Contact Arrangement: 4PDT (bifurcated, gold 
plated silver alloy). 

Rated: Dry circuit to 3 amps at 28 v dc res. 
Life: 100,000 operations at max. rated load. 

Coil Power: For two-coil relays: Approx. 1 watt 
(nominal at 25°C). For single coil relays: 
Approx. 0.5 watt (nominal at 25°C). 

Operate Time: 6 milliseconds max. at nom, voltage 
at 25°C coil temp. 

Transfer Time: 0.5 milliseconds approx. at nom. 
voltage at 25°C coil temp. 

Temperature Range: —65°C to +125°C. 

YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 

e POTTER G BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY • PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD. DIVISION OF AM F CANADA LIMITED, GUELPH, ONTARIO 
CIRCLE 111 ON READER SERVICE CARD 



ON THE SHELF-
ARNOLD CORES 
IN WAREHOUSE STOCK 
FOR IMMEDIATE DELIVERY 

Let us handle your inventory problems 
and save you time and money on your 
magnetic core requirements. 

Extensive stocks of four types 
of Arnold cores in the most popu-
lar sizes have been set up in our 
Marengo, Illinois and Fullerton, 
Calif. plants. Subject of course to 
temporary exhaustion of stock by 
prior sales, these cores will be 
shipped the same day on orders re-
ceived at the warehouse by 12:00 
noon. When cores are out of stock 
at the nearest plant, we may be 
able to ship within 24 hours from 
the other. 

Arnold core products covered 
by this warehouse stock program 

IRON POWDER 

CORES 

MO-PERMALLOY 

POWDER CORES 

6T TAPE CORES: 
DELTAMAX,SQUARE 

PERMALLOY and 

SUPERMALLOY 

SILECTRON 

C, E and 0 CORES 

include: 1) Silectron C, E and 0 
cores in 2, 4 and 12-mil tape. 2) 
Type 6T aluminum-cased cores of 
Deltamax, Square Permalloy and 
Supermalloy, in 1, 2 and 4-mil 
tape. 3) Mo-Permalloy powder 
cores, both temperature-stabilized 
and unstabilized types, ranging. 
down to 0.260" diameter. 4) Iron 

powder toroids, threaded cores 
and insert cores. 

All four products are available 
in a wide range of selection, for 
your convenience and economy in 
ordering either prototype design 
lots or regular production quanti-
ties. • Stock lists and technical ma-
terial are available—write for data. 

ADDRESS DEPT. E-11 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 

2998 RJR 

ting, eight xenon flash lamps on a 
revolving drum are used. The lamps 
can be fired individually or in se-
quences of two, four or eight. 

Repeat firing of lasers at rapid 

rates is presently restricted by the 
cooling-off time required for the 
xenon lamp. The use of multiple 
lamps will enable pulse rates to be 
increased while providing the cool-
off time needed for each lamp. After 
additional testing, the firm expects 
to be able to determine and con-
trol energy level and output re-
quired for welding and cutting. 

In industrial applications, laser 
beams will provide a means for 
melting small controlled areas of 

the pieces to be joined without con-
tamination. Similarly, they will en-
able materials to be cut and vapor-
ized. The accurate straight line of 
the laser beam is also promising 
for optical tooling and could be used 
to produce almost perfectly aligned 
missile assemblies and aircraft 
wing sections. 

Heat Waves Reveal Moon 
Is Colder Than Supposed 

LUNAR night gets at least 30 de-
grees colder than has been sup-
posed. Also, hot spots on the moon 
remain warm several days after 
the lunar sunset. These and other 
conclusion are based on observa-

tions made using a new infrared 
telescope. 
The instrument is said to be 20 

to 50 times more sensitive than 
previous systems for measuring 
temperatures of comparitively cold 
celestial obejects. It is operated by 
California Institute of Technology 
at a site 13,000 feet above sea 
level. The telescope senses radiation 
through a window in the earth's 

atmosphere that passes infrared 
having a wavelength of about 0.01 
millimeter. The project, sponsored 
by the Caltech Division of Geologi-
cal Sciences, receives support from 
the National Science Foundation 
and the National Aeronautics and 
Space Administration. 

Sensitivity of the telescope re-
sults partly from the use of gold-
surfaced mirrors, which are very 
effective in reflecting infrared 
waves. Also, a special germanium 
crystal detector is used that is 
doped with mercury atoms and 
cooled by liquid hydrogen to about 
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Electronic Switching, 
Timing, and Pulse 
Circuits, by J. M. 
Pettit. Publisher's 
Price. $8.50. Club 
Price. $7.75 

Information Trans-
mission. Modulation, 
and Noise. by M. 
Schwartz, Publisher's 
Price, $11.75, Club 
Price, $9.95 

Take 

ANY 
ONE 

Electronic Designers' 
Handbook. Landee, 
Davis, & Albrecht. 
Publisher's Price, 
$17.50, Club Price. 
$14.95. 

e 

griCe0e"  

Nos( 

- 

E omento of Servo. 
mechanism Theory. 
by G. Thaler. Pub-
lisher's Price. $9.50, 
Club Price. $8.10 

Basic Feedback Con-
trol System Design, 
by C. J. Savant, Jr. 
Publisher's Price. 
$10.50. Club Price, 
$8.95 

Electronic and Radio 
Engineering, by F. 
Termas. 4th Ed. 
Publisher's Pr ic e, 
$15.50. Club Price, 
$13.25 

for only 

Control Engineers' 
Handbook, ed. by J. 
C. Truxal. Publish-
er's Price. $22.50. 
Club Price, $19.10 

imsnauivones No 
liengleemne 
lellegaRen 

Instrumentation In 
Scientific Research. 
by C. S. Lion. Pub-
lisher's Price. $10.75. 
Club Price, $9.15 

Electronics and Nu-
cleonics Dictionary. 
Cooke & Markus. 
Publisher's Pri e, 
515.00. Club Pr ce. 
$17.75 

MAIL COUPON Management for En-gineers, by R. C. 
Heimer. Publisher's 

AT RIGHT TODAY  Price. St1.95. Club 
Price. $7.60 

MATHEMATICS 
COO 

110 (90111(5 
•••0.1.10181, 

Mathematics for Elec-
tronics with Applica• 
lions. Nodelman & 
Smith. Publisher's 
Price. $7.00. Club 
Price, $5.95 

- 

Digital Computer and 
Control Engineering. 
by R. S. Ledley. Pub-
lisher's Price. $14.50. 
Club Prier. $17.35 

SAVINGS UP 

TO $21.50 

Modern Transistor 
Circuits, by I, Car-
roll. Publisher's 
Price, $9.00. Club 
Price. $7.65 

MAGNETIC 
RECORDING 
TECHNIOUES 

Magnetic Recording 
Techniques. by W. E. 
Stewart, Publisher's 
Price, $9.00, Club 
Price, $7.65 

Wave Generation and 
Shaping, by L. 
Strauss. Publisher's 
Price, $17.50. Club 
Price. $10.65 

SPECIAL INTRODUCTORY 

OFFER 
- 

To NEW MEMBERS 
of the 

Electronics and 
Control Engineers' 

Book Club 

s* 4,..eeiVeiete2.4eiee- 

How many of these books do you 
wish you had at Club savings? 

Select one for JUST A DOLLAR! Choose from Electronic Designers' Handbook, Modern 
Transistor Circuits, Magnetic Recording Techniques, Wave Generation and Shaping, and eleven 
other valuable books . . . your introduction to membership in the Electronics and Control Engi-
neer? Book Club. 

If you're missing out on important technical literature, if today's high cost of reading curbs 
the growth of your library-here's the solution to your problem. The Electronics and Control 
Engineers' Book Club was organized for you, to provide an economical technical reading program 
that cannot fail to be of value to you. 

All books are chosen by qualified editors and consultants. Their thoroughgoing understanding 
of the standards and values of the literature in your field guarantees the authoritativeness of 
the selections. 

HOW THE CLUB OPERATES 
You regularly receive free of charge The Electronics and Control Engineers' Book Bulletin. 

This gives complete advance notice of the next main selection, as well as a number of alternate 
selections. If you want the main selection you do nothing; the book will be mailed to you. If 
you want an alternate selection . . . or if you want no book at all for that two-month period 
notify the Club by returning the postpaid card enclosed with each Bulletin. 

SAVES YOU TIME AND MONEY 

We ask you to agree only to the purchase of three books in a year. Certainly out of the large 
number of books in your field offered in any twelve months there will be at least three you 
would buy anyway. By joining the Club you save yourself the bother of searching and shopping, 
and save in cost about 15 per cent from publishers' prices. Send no money now. Just indicate 
any two books you want-one for only $1.00 and one as your first Club selection-in the coupon 
below. Take advantage of this offer now, and get two books for less than the regular price of one. 

CLIP AND MAIL THIS COUPON TODAY 
The Electronics and Control Engineers' Book Club, Dept. L-11-30 
330 West 42nd Street, New York 36, N. Y. 

Please enroll me as a member or the Electronics and Control Engi-
neers' Book Club. I am to receive the two books I have indicated 
below. You will bill me for my first selection at the special club price 
and El for my new membership book, plus a few additional cents for 
delivery costs. (The Club assumes this charge on prepaid orders.) 
Forthcoming selections will be described to nie in advance and I may 
decline any book. I need take only 3 selections or alternates In 12 
months of membership. (This offer good in U. S. only.) 

PLEASE PRINT 

Name   

Address   

City  Zone  State  

Company   

NO RISK GUARANTEE: 

Show 2 numbers: :el for dollar 
book and .:t2 for Club selection 

G Elec. Switch., Tim., & Pulse Cir., 
$7.25 

Info. Trans., Mod.. & Noise. $9.95 

D Math. for Elec. with ADO.. $5.95 

Dig. Como. & Ctl. Enrg.. $12.35 

ID Modern Transistor Circuits, $7.65 
D Magnetic Recording Techniques, $7.65 
D Wave Generation and Shaping. $10.65 
0 Elec, Designer's Hdbk., $14.95 

El Elem. of Servomech. Theory. $8.10 
D Basie Feedback Ctl, Sys, Des.. $8.95 
0 Electronic & Radio Enrg.. $13.25 

G Control Engineer's Hdbk.. $19.10 
D Instrumentation in Sci. Res., $9.15 

D Elec. & Nucleonics Diet.. $12.75 

fl Mgmt. for Engineers. $7.60 

If not. completely satisfied, you may return your first shipment within 10 days 
and your membership will be canceled. L-11-no 
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e„de0.71.4.„ 
we can either modify standard 

units or create new trimmer 
designs. It all depends 
on what best suits your 

specific applications. 

you can solder 
directly to the 
solid metal 
electrode 
hands of 
ROANWELL PRECISION 

PISTON TRIMMER 
CAPACITORS 

There's improved reliability in Roanwell 
piston capacitors — improved stability, 
linearity, accuracy, ruggedness — because 
of its new construction approach. 
Its design features . . . 

solid brass, gold plated, electrode bands: 

• Permits soldering directly to metal electrode 
band with no effect on capacitance. 

• Ideal for high frequency application. 

• Eliminates built-in stresses since there is 
no firing process of silver to glass. 

• Unit becomes inherently more rugged 
since solid brass bands act as main 

N ui support for the dielectric. 

new drive mechanism (pat. applied for): 

• Eliminates gold flaking. 

• More uniform torque. 

• Backlash eliminated radially and 
transversally. 

more capacitance per size: 
• Because both I.D. and 0.0. of dielectric 

are controlled. 

ROANWELL CORPORA 
ELCOM DEPARTM 
ROANWELL BUILDING 

180 VARICK STREET, NEW YORK 

TEL: (212) YUKON 9-1090 • TWX: 

will meet or exceed applicable 
requirements of spec. MIL-C-14409A. 

Write for catalog Ell 

TION 
ENT 

14, NEW YORK 
(212) 640-4791 

—423 degrees F. 
In measuring temperatures, radi-

ation from the spot of interest is 
compared to that from a nearby 
spot in the sky. Only the difference 
signal is amplified, which enables 
small amounts of radiation to be 
measured despite strong emissions 
from the earth's atmosphere and 
the surroundings. 
To measure lunar temperatures, 

the telescope scans across the moon 
from bright to dark and back again 
in 5 minutes. The output signal, 
which is proportional to infrared 
radiation, is supplied to a strip 
chart recorder. Simultaneously, 
photographs are taken through a 
small finder telescope to aid in 
locating the points where radiation 
is being monitored. 

OBSERVATIONS—The coldest 
temperature during the lunar night, 

which is 30 times as long as night 
on earth, has been accepted as —243 
degrees F. After five nights, how-
ever, measured temperature was 
below —270 degrees, which is the 
coldest temperature that the infra-
red telescope can record. Tempera-
tures measured at other times after 
the lunar sunset were: —206 de-
grees after 6 hours, —220 degrees 

after 12 hours, —242 degrees after 
24 hours and —260 degrees after 

48 hours. 
The telescope permits an area of 

only about 20 square miles to be ob-
served at a time. This characteris-
tic enabled four spots to be located 
that cooled much more slowly than 
the rest of the lunar surface. Tem-
peratures of these areas did not fall 
below —270 degrees until 10 days 
or so after the lunar sunset. 
One warm area was located near 

the crater Tycho and another near 

the crater Copernicus. The other 
two warm spots did not seem to be 
associated with any visible features 
of the moon. Retention of heat in 
these areas suggests that bare rocks 
may be exposed in some places on 
the surface of the moon, which is 
usually assumed to be covered with 

dust. 
The infrared telescope was also 

used to measure mean temperature 
during 12 different nights on the 
planet Jupiter, which was —229 de-
grees F. Since heat radiated from 
Saturn could not be detected, its 
temperature was concluded to be 
below —270 degrees F. 
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BIPCO® LOGIC 

IPCO® LOGIC 

IPCO LOGIC 

IPCO LOGIC 

IPCO® LOGIC 

IPCO® LOGIC 

IPCO® LOGIC 

IPCO® LOGIC 

is the new approach to microelectronics 

is low cost and reliable 

solves the interconnection problem 

yields highest component density 

permits circuit design flexibility 

yields multi-component uniformity 

is applicable to any circuit 

is available now 
IT— 

fi 

Typical 96 diode BIPCO Module. 
(Measures WIG" x 11/8" x 

BIPCO Logic represents an entirely new approach to microelectronics. Batches of identical 
components are "Built-In-Place" at one time in patterns determined by the logical func-
tion to be performed. Individual component handling is eliminated, interconnections are 
simplified, and electrical uniformity is achieved. For the first time, the cost barrier in-
herent in other approaches has been eliminated so that reliability and low cost can be obtained. 

Functional diode logic is now available in individual BIPCO Modules or in printed circuit 
packages including: Decimal Counters, Binary and Alpha-Numeric Decoders, Encoders, and 
Distributors. BIPCO Transistor, Resistor, and Capacitor Modules will be available soon. 

*hide t4 4 complete technical information 
on the growing BIPCO Module line. 
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Creating for  Genuine Q uality 
Origin Electric Strives For Material & Personal Improvement 

"A company grows as men grow, and 
men grow first", is a guiding principle at 
Origin. The company's program of training 
is based on Education, Engineering and 

Economy. Education for personal growth, 

Engineering for production, and Economy 
for Wealth. Each point of the company 
triangular trademark ere is symbolic 

of the company's three aims.... Machinery, 

Character Development and Wealth. The 

company's operation is literally "Democ-
racy in Action"—teamwork, which is the 

by-product of individual growth. 
Established in 193, the company has 

developed into one of the leading makers 
of rectifiers in Japan. At present more than 

45% of the total rectifiers used by the 

Japan Telephone and Telegraph Public 
Corporation is supplied by Origin. 
A continual program of advanced re• 

search produces Selenium, Germanium 

and Silicon Rectifiers, Condenser Type 
Spot Welder, Synthetic Enamel and Minia-

ture Ball Bearings. 

ORIGIN 

Silicon 

Diodes 
SW-05 SM-150 SE-1.5 

ORIGIN ELECTRIC CO., LTD. 
1-195 Takada Minami-cho, Toshima-ku, Tokyo 

Cable Address "ORIGINELE" TOKYO 
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,,er Electric fry pan at 400°F melts 
solder while G-E silicone compound ad-

heres without melting to the tilted surface. 

Even at 400 F Gil Silicone Dielectric Compound won't melt! 
(or noticeably bleed, evaporate or dry out) 

HEAT TRANSFER MEDIA G-E silicone dielectric corn-
pounds improve heat transfer from electronic components. 

CORROSION INHIBITORS Silicone compounds 

protect against sticking, moisture, corrosive atmosphere. 

General Electric silicone dielectric compounds won't melt at 400°F 
or solidify at —65°F. These greaselike materials have excellent 
dielectric properties. They are easily applied, chemically inert, 
non-corrosive and water repellent. 

G-E silicone compounds adhere tenaciously to almost everything, 
without being subject to oxidation, evaporation or excessive bleed 
losses. A free sample tube is yours on request, to test as a corro-
sion inhibitor, release agent, water repellent, insulator, protective 
coating or heat transfer media. Ask for SS-4067 (general purpose), 
SS-4005 (meets MIL-1-8660), or SS-4006 (inhibits copper oxida-
tion). Write on your letterhead, describing your proposed appli-
cation, to Section N1178, Silicone Products Department, General 
Electric Company, Waterford, New York. 

G-E silicone insulating products available from these dis-
tributors: Son Francisco, Electrical Specialty Co., 158 11th St.; 
Chicago, Federal Insulation Co., 549 W. Randolph; Detroit, Insulation 

& Copper Sales, 15605 Woodrow Wilson ; Floral Park, N.Y., Punt, Inc., 
160 Woodbine Ct.; Philadelphia, Smith of Phila., 1024 Race St.; 
Chagrin Fails, Ohio, Electrolock, Inc., 28 N. Main ; Washington, 
D. C., Read Plastics, Inc., 317 Cedar St., N.W. 

GENERAL ELECTRIC 
November 30, 1962 
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Copper-clad laminate 
should be WORTH the "g 
circuit printed on it U% 

WIRE STRAIGHTS 

Most printed circuits require a high-quality, reliable 

copper-clad laminate. Synthane goes to extremes 

to check foil quality, adhesives and the laminate. 

We test peel strength at room temperature and at 

500°F, using a newly-developed peel tester. Synthane 

checks blister resistance and heat resistance, and 

measures the thickness of the entire sheet (not merely 

the edges) with a new Synthane-designed instru-

ment. Synthane prints and checks test patterns. Be 

sure the laminate is worth the circuit you print on 

it. Write for Copper-clad Bulletin. 

CSYN-filANe 
CORPORATION   OAKS, PENNA. 
GLendale 2-2211 TWX Valley Forge 735U 

Synthane-Pacific, 518 W. Garfield Ave., Glendale 4. Calif. TWX GLDL 44I7U 

Synthane Corporation, 36 River Rd., Oaks, Pa. 

Gentlemen: 
Please send me new bulletin, "Synthane Metal-clad Lanu 
hated Plastics" 

Narne  

Address  

City Zone State  

Wire straights produced on precision automatic machines, in 
all diameters from .005 to .125, lengths to 8 feet, with all 
dimensions held to closest tolerances. Square-cut ends, vir-
tually burr-free, with minimum surface markings. Our produc-
tion economies save you money on bead wires, leads for 
hermetic seals, semi-conductors and other applications. In 
ferrous, non-ferrous, and precious metal alloys. Non-standard 
diameters and alloys supplied on special order. 

Send Prints or Sperifieations .for Estimates 

ART WIRE AND STAMPING CO. 
18 Boyden Place. Newark 2, N. J. 
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I\ELECTRONIC COMPONENTS 
The SMK components are exported in 
large quantities to foreign markets at 
the lowest possible prices with the 
highest quality available. 
We are always making strenuous ef-
forts to make a new design and im. 
prove every product in quality. 
We are proud of our production ca. 
pacity which is claimed to be the 
largest in the Orient. Catalogue 
available on request. 

S - I 5201 
S - I 5202 

U.S. 
Connector 

S - X 2201 

Ff,114 
S1 5701 
S - I 5702 

Plug Socket 

Battery Holders 

i3Z4 

S -G1101 S - H 1101 
Miniature Plugs 

and Jacks 

II 
Fif 
low 

S - I 7901 
Connector 

for microphone 

TV Adapter 

S-J 2801 
Rotary Switch 

; 

S Q 250 .1 
Pin Jack 

Terminals 
for amplifier 

SHOWA MUSEN KOGY0 CO., LTD. 
24 Higashitogoshi 5-choree, Shinagawa-ku, Tokyo, Japan 
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FREQUENCY STANDARD 
MOD(LMERU 

imau.en mina •ms 

MTBF >10,000 Hours 
Better than 10,000 hours, mean 

time between failure—this is the per-
formance you can expect from the 
new transistorized Borg Frequency 
Standard, Model 1555. 
Why won't you find another fre-

quency standard like it? 
Reliability is only one reason. 
Take stability. Stability of the Borg 

1555 is assured by the 5 mc overtone 
crystal, and is maintained by dual 

SPECIFICATIONS 

ovens which hold crystal temperature 
to within ±0.003°C. Short-term sta-
bility is better than 5 parts in 10 11; 
long-term better than 5 parts in 101° 
per day. 

You get more than six hours stand-
by operation from batteries which 
arc an integral part of the unit. You 
can plug in two extra frequency mod-
ules, dividers or multipliers. An ex-
ternal status indicator gives you 

Transistorized Frequency Standard, 

FREQUENCY STABILITY 

Long Term: 5 parts in 10'° per day; 1 part in 108 per 60 days; 
after 21 days of continuous operation 
Short Term: rms deviation of 1000 successive 0.2 second meas-
urements; better than 5 parts in 10 11 

OUTPUT FREQUENCY 

5 mc: output of 1 volt minimum rms into 50 ohm load 
HARMONIC DISTORTION 

Less than 1% 
FREQUENCY ADJUSTMENT 

Coarse: adjustable with range of 500 parts in 109 
Fine: adjustable with range of 1000 parts in 10 1° readable 
to 1 part in 101° 

quick read-out. And there are fre-
quency outputs front and rear. 

Need a militarized model? The 
Borg 1555 can be supplied to meet 
military specifications, including 
MIL-E-16400D. Special project en-
gineering assistance is also available 
from Borg, leading designer-producer 
of militarized frequency/time stand-
ards. For complete information, write 
to H. H. Seaver: 

Ale BORG EQUIPMENT DIVISION 
BORG Am phenol-Borg Electronics Corporation, 

W Janesville, Wisconsin. 

-11111111•1111W 

BORG MODEL 1555 

LINEARITY OF FINE FREQUENCY ADJUSTMENT 

Over any range of 500 parts in 101° shall be within ±20 
parts in 101° 

METERING 

Front panel with 12-position switch to meter all critical circuits 
and provision for remote metering of output 

TEMPERATURE RANGE 

0°C to 50°C 

DELIVERY 

60 days; if military specifications required-90 to 120 days 
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COMPONENTS AND MATERIALS 

More Watts, Longer Life for Solar Cells 

Push for space power 
goes on, emphasis 
lies in two areas 

TWO solar cell developments em-
phasize the need for solar conver-
sion devices with more watts per 
pound of system weight at more 
watts per dollar of cost', and im-
proved radiation resistance'. Work 
in both areas was described at the 
Space Power Systems Conference, 
sponsored by American Rocket So-
ciety. 
Major progress towards the first 

objectives has been achieved with a 
CdS film cell, vacuum evaporated 
onto a metal foil substrate. Such 
cells are now being made in sizes up 
to 3 in. by 3 in., at conversion effi-
ciencies of 2 to 3 percent. They can 

be laminated in plastic envelopes to 
form arrays delivering 10 to 15 
watts per pound. These cells can be 
made economically, according to 
Harshaw Chemical Co. spokesmen. 
A new construction was devel-

oped, that is simpler than that of 
the conventional rearwall cell, com-
mon to solar cells. Called a front-
wall cell, light is incident directly 
on the barrier surface, and a metal 
foil substrate acts as negative col-
lector. 

GREATER OUTPUT — Frontwall 
cell shows promise of still higher 
efficiencies, larger areas and 
greater power outputs per unit of 
weight. 

Response of this cell extends into 
the ultraviolet, since the CdS itself 
is not filtering out the shorter wave-

Infrared Crystal Response Topped 

NEW DEVICE is claimed by Philco to be first indium arsenide single 
crystal available for operation in the 1.5 to 4-micron region. Up to recently 
only lead salt detectors have been available for application in this region, 
and they can not be produced as uniformly as crystal detectors, it was 
reported. Response time of indium arsenide device is less than one micro-
second, a reported improvement of one to two orders of magnitude 

lengths as it does in the case of the 
rearwall cell. In spite of broader 
response, the frontwall construc-
tion usually gives less output, and 
the reasons for this are presently 
being studied. 

Excluding secondary effects, such 
as loss of electrical contacts and at-
mospheric degradation, CdS single 
crystal cells, rearwall film cells on 
glass substrates, and frontwall cells 
on molybdenum substrates all seem 
to have similar temperature per-
formance characteristics. 

It appears that CdS film arrays 
can possess appreciable resistance 
to damage by radiation of the types 
normally associated with the Van 
Allen belts. More data, particularly 
on higher efficiency cells are needed 
according to Harshaw. Arrays are 
stored in inert gas atmospheres, 
dry atmospheres and in vacua have 
shown no degradation during stor-
age periods up to 200 days. 
The process for fabricating CdS 

evaporated film solar cells is essen-
tially a simple one, and should be 
amenable to automation. And avail-
ability or cost is not a problem. 
At present 3 in. by 3 in. film cells 

give an active cell area of 50 to 55 
cm', and cells as large as 6 in. by 6 
in. could probably be made with es-
sentially the same characteristics. 

ELECTRICAL FIELD —  Electro-
Optical Systems' radiation damage 
resistant solar cell', an experimen-
tal unit, incorporates an electrical 
field on the base region. 

Results of both proton and elec-
tron irradiation indicate increased 
radiation resistance over n and p 
cells produced by shallow junction 
diffusion into one-ohm/cm material. 
The existence of an electric field in 
the base region has been demon-
strated by transient time experi-
ments; but influence of other fac-
tors on the improved radiation 
resistance has not been ruled out. 

Electro-Optical's cell has an 
n-type surface layer and has an im-
purity gradient in the p-type re-
gion. The gradient is such as to 
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SIZE 8 

SIZE 10 
MATCHED 

SET 

SIZE 11 

SIZE 15 

Your Specialist for 

CASCADED 
AMPLIFIERLESS 

RESOLVER CHAINS 
Why not take advantage of the years of pioneering experience which 
Clifton Precision has gained in cascaded resolvers? 

Not only have we designed and developed the widest variety of 
these resolvers, but we have also become extremely well versed in the 
attendant systems engineering. 

Thus you can have two important advantages by dealing with 
Clifton: top quality components and wide systems experience. 

For further information, contact: Sales Dept. 5050 State Rd., 
Drexel Hill, Pa. Area 215 MAdison 2-1000 • TWX 215 623-6068—or 
our Representatives. 

Simple Follow-Up Chains—No Compensation 

•UR C.1r1;',71;i. 

The above chain uses simple production tolerances on 
the components and represents a four wire data trans-
mission system used in servo work. Variations of the 
above system can utilize several receivers if necessary 
by proper impedance matching. 

Simple Amplifierless Chains With Matched 
Sets of Live and Dummy Resolvers 

1 

.•••••• 

L__ 
WOK., WK. 

The above concept can be supplied as matched sets of 
live and dummy resolvers either as independent com-
ponents or built into a single integral case. Matched 
sets can be constructed that will be all the same for a 
system or matched sets for different impedance levels 
(e. g. matched set #1, set *2, set e3, etc.). No com-
pensation resistor, thermistor or capacitor is used in 
the above concept. 

Intermediate Chains With Interchangeable 
Components—Some Compensation 

In the system above only one electrical type is utilized 
for both dummy and live resolver. All live resolvers are 
interchangeable with any other live resolver and any 
dummy resolver is interchangeable with any other 
dummy resolver. Units are compensated for constancy 
of transformation ratio and phase shift over tempera-
ture as well as unit to unit. No capacitors are used in 
the above system to reduce phase shifts. 

Completely Compensated Interchangeable 
Amplifierless Chains With Thermal Stability 

: ----- • „ • 

'•'  C> 

The illustrated system employs the use of completely 
compensated resolvers. These units are compensated 
for T.R. and phase shift over temperature with a 
characteristic impedance concept. T-Pads are shown 
which are utilized with this system but dummy type 
transformer units completely compensated will yield 
better system accuracy and symmetry. The above sys-
tem is frequency sensitive due to the use of tim-
ing capacitors. 

Chains For Different Frequencies, Voltages 
and Environmental Conditions 

CPPC has developed cascaded chains for different 
voltages and different frequencies (e.g. 400 —, 800 —, 
900 —, 1600 3200 —, 5000 —, 10V., 15V., 26V., 
50V., 115V.,) employing the use of standard com-
ponents, pancakes (with and without gymbal bearings), 
as well as components in aluminum, stainless steel and 
beryllium. Some chains have been developed which 
•must be calibrated at three different temperature levels. 

CLIFTON PRECISION PRODUCTS CO., INC. 
Clifton Heights, Pa. • Colorada Springs, Colo. 

November 30, 1962 
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SILICON PERFORMANCE -
GERMANIUM PRICE 
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New 100 watt silicon 
transistors for 
lower system costs 
Compare the OEM silicon transistor with a 90 watt 
germanium transistor. On a system basis, the West-
inghouse silicon transistor costs less, it gives de-
sign flexibility, it gives a more reliable perform-
ance. Here's why. 

Higher temperature 
operating capabilities 

Check the stud temperature derating curves above. 
The OEM silicon transistors work in engine com-
partment temperatures and crowded, hot equip-
ment chassis. You'll have greater design latitude. 

One silicon transistor 
can replace two or more 
germaniums 

Compare the performance on a typical heat sink. 
One silicon transistor has the dissipation capability 
of two germanium transistors at 55°C ambient tem-
perature. And compare ratings at 100°C. The silicon 
transistor still packs a punch. The germanium unit? 
It died out. 

Lighter, smaller, more 
reliable equipment 

Compare 15W heat sink requirements at 55°C. The 
6.5°C per watt heat sink would be about 50% smaller 
than the germanium transistor heat sink. Thus, 
equipment can be smaller and lighter. Also, the 
equipment is more reliable ... the silicon gives a 
higher temperature margin. SC-1084 

FREE! Write for an important booklet, Design Con-
siderations for the OEM Line. It features detailed 
comparisons between germanium and silicon power 
transistors for commercial applications. Westing-
house ElectricCorp.,SemiconductorDiv.,youngwood, 
Penna. You can be sure ... If It's 

Westinghouse 
CIRCLE 123 ON READER SERVICE CARD 
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provide an electric field in the base 
which will accelerate photoelectrons 
into the vicinity of the pn junction. 
In this way, the dependence of the 
short circuit current upon the mi-
nority carrier lifetime is reduced. 
Since the latter parameter is the 
one most effected by bombardment 
of the cell by energetic charged par-
ticles, the tolerance of the cell to 
damage by such particles is consid-
erably enhanced. Data has been pre-
sented on the performance of these 
cells as a function of high energy 
electron and proton bombardment. 

REFERENCES 
(1) F. A. Shirland, T. A. Griffin and 

G. H. Dierssen, Thin Film CdS Front Wall 
Solar Cells, Harshaw Chemical Co., Cleve-
land, Ohio, paper presented at Space 
Power Systems Conference, Sept. 25-28, 
1962. 

(2) S. Kaye, I. Weiman and W. V. 
Wright, A New Radiation Damage Resist-
ant Solar Cell, Electro-Optical Systems, 
Inc., Pasadena, Calif., paper presented at 
Space Power Systems Conference, Sept. 
25-28, 1962. 

Better Thermal Overcoat 
For Silicon Devices 

HIGH temperature qualities of 
silicon are fully utilized by com-
mercial development of oxide passi-
vation, and even higher tempera-
ture performance is now within 
grasp. 

Thin silicon slices containing 
large numbers of unseparated di-
odes are exposed to an atmosphere 
that combines some of the silicon 
at the surface, with oxygen from 
an external source. 

This reaction forms a thin quartz 
layer over silicon zener diodes, of-
fering greater protection against 
contaminants. 
Warren Eriksen, Director of 

Hoffman Electronics' Semiconduc-
tor Division, announced that at 25 
C, passivated diodes exhibit 50 per-
cent greater heat dissipation. The 
standard glass package, which for-
merly had a heat dissipation rating 
of 400 milliwatts, has been up-
graded to 600 milliwatts. 

Oxide passivation technique has 
extended low-temperature storage 
capability to minus 196 C, according 
to Eriksen, who added that storage 

specifications have been extended to 
250 C. 
Leakage specification approaches 

the zener knee (50 percent), and is 
about 100 times higher than older 
typical values. If an older unit was 

specified at 900 ohms, the new pas-

sivated counterpart would be rated 
at 600 ohms. 

In effect Eriksen says the pas-
sivated diffused zener diodes have 
low-level advantages of alloyed 
types, and long-term stability of 
diffused types. 

Torque Motor Holds 

Sensors on Course 

INERTIAL vertical reference, ca-
pable of holding a camera platform 
within 0.05 second of arc per second 
of time. System operates as a 
Schuler-tuned pendulum, uses 
brushless torque motor 

NO BRUSHES, commutators, slip rings 
or mechanical connections between 
rotor and stator are required in 
brushless d-e torque motors, now 
used in space probes. 

Brushless motor was developed 
originally for a gimbal drive ele-
ment in stable platforms for aerial 
cameras and other sensors. 

Limited rotation motors of this 
type produce displacement through 
an arc of up to 120 degrees and 
eliminate mechanical feedback from 
the driven member. Motor service 
life is limited only by the shaft 
bearing life, the manufacturer says. 
The Aeroflex d-c torque motor 

has a permanently-magnetized rotor 
and a special toroidal-wound stator. 
Motor develops a smooth, step-free 
torque, and the stator eliminates 
motor ripple. Mounting techniques 
can be varied to suit most applica-
tions, it was reported. 

In Mariner space-probe vehicles, 
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TEST BENCH 

CHECKING OUTPUT OF A 

FREQUENCY MULTIPLIER AT ITS 

NORMAL OPERATI G 

Most varactor frequency multipliers are used in actual service 
with 2, 3, or 4 watts of input power — and therefore should be 
tested at comparable levels. Till now many engineers have kluged 
equipment to provide high power signals for this application — 
result: costly and inadequate test set-ups. 
A much easier — more reliable — and less costly approach is 
shown in the diagram — simply using a Telonic PD-8 Sweep/ 
Signal Generator. Why? — the PD-8 provides 

• Four (4) watts of output power 
• Covers 375 to 1000 mc frequency range 
• RF & CW modulated or unmodulated output 
• Wide or narrow linear sweep 
• Precise measurement via crystal controlled markers 
• 3 to 62 db attenuation in 1 db steps 

Note: The PD-8 is not made exclusively for testing varactor circuits. If you 
have any application problem necessitating wide attenuation or high power 
frequency response such as checking attenuators, klystron amplifiers, RF' 
filters, antennas, etc., you can find a quick solution in the PD-8 Sweep/ 
Signal Generator. For lower frequencies use the PD-3 with a center range 

of 100 to 250 mc. 

SPECIFICATIONS 
Center Frequency-375-1000 mc 
Frequency Range-330-1010 mc 
Sweep Width-0.05 to 15% 
Flatness— 
Source VSWR — Below 1.2:1 
Display Linearity—Better than 1.2:1 

A:MUUMUU...me 

INDUSTRIES, INC. 
60 North First Avenue 
Beech Grove, Indiana 

Phone — Slate 7-7241, DDD Code 317 

Representatives in principal cities throughout the world 

these brushless motors move jet 
vanes against full blast of mid-
course correction rocket motor from 
a standing start, and hold a position 
within two degrees in a total swing 
of 50 degrees. 
A torquer, modified for the 

Ranger space probe, operates at 

500 deg F. 
Applications include use as gim-

bal drive; low-speed, high sensitiv-
ity tachometer, direct-drive servo 
motor, aerospace positioner control 
and actuator, and multi-input sum-
ming transducer. 

Connector Arm Solves 
Terminal Lead Problems 

HAZARDS of fire and shock were 
eliminated by replacing conven-
tional metal connector arm, shown 
on ruler, with insulated connector 
arm, shown installed on switch 
above 

TWO or more wires can be connected 
by the simple process of clamping 
the wire terminals between an in-
sulating material. Wire ends are 
secured by a spring screw, elimi-
nating need for lock washers. Con-
nections are made by merely strip-
ping the wires and clamping. Con-
tact arms have been developed to 
protect current surges of over 1,200 
volts. 

Sample terminal connectors with 
20 connection slots are under evalu-
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tjSECOND synchros & resolvers 
ves 23C)(4 Re; on sm.m et 

in BuOrd size 23 configuration 

Reed's 23C74 
Conit-o\lronsooner 

out 

Simplify Data transmission instrumentation— 

• 30 second accuracy on 
production runs 

• 20 second accuracy units 
available on special order 

• Stainless steel housings 

• High thermal stability 

• Compensated and uncompensated 
resolver models 

• Conform to MIL-S20708A 
requirements 

CONTROL TRANSFORMERS 

TRANSMITTERS 

3-WIRE SYNCHROS 

4-WIRE RESOLVERS 

Eliminate 

gear boxes 

component duplication 

crossover network 

Reeves high precision size 23 synchros and 
resolvers represent a major design breakthrough. 
Their extreme accuracy enables the design engi-
neer to develop data transmission systems with a 
greatly reduced number of components for an 
equivalent over-all system accuracy. 

Compare the circuit diagram shown above with 
conventional instrumentation for a basic data 
transmission system. Two synchros, two gear 
boxes, and the crossover network have been elim-
inated. Weight and space have been reduced by a 
factor greater than 2, and the system accuracy 
will directly reflect the superior synchro accu-
racies. Reliability is improved immeasurably and 
field maintenance reduced to a minimum. 

The new Reeves Synchros are the cily 30-second 
accuracy instruments currently available in BuOrd 
size 23. The series includes both transmitters 
and control transformers, available for either 60 
or 400 cycle input. Write for Data File 111. 

REEVES INSTRUMENT CORPORATION 

A Subsidiary of Dynamics Corporation of America 
Roosevelt Field, Garden City, N.V. 
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Why S-A Tracking Antenna 
Pedestal Systems Offer THE BEST 
PRICE/PERFORMANCE RATIO 

Versatility, MIL SPEC compatibility. 
reliability, state of the art manufactur-
ing techniques, quick delivery, and full 
system capability, you get them all 
from Scientific-Atlanta. 

VERSATILITY. For antennas up to 30 
feet diameter, Scientific-Atlanta offers 
three basic pedestals with output torques 
from 500 to 10,000 ft.-lbs., velocities to 
30°/sec, accelerations to 30°/sec2, and 
accuracies to 0.08° static and -f-0.05°/ 
rpm. Multiple mode operation; automa-
tic, slave, manual or pre-programmed 
tracking. A full range of optional extras 
and accessory equipment is available to 
meet virtually any operational require-
ment. 

MIL SPEC COMPATIBILITY. Scientif-
ic-Atlanta pedestals are designed to 
operate under MIL SPEC environmen-
tal and RFI conditions. 

20 

RELIABILITY. Scientific-Atlanta ped-
estal systems use solid state servos, 
printed circuit dc motors for long life 
and quick response, large parallel 
mounting surfaces for adaptability plus 
rigidity of antenna mounting, fail-safe 
brakes, electrical and mechanical limit 
stops. 

MANUFACTURING. Assembly of 
tracking pedestals from standardized 
modules allows Scientific-Atlanta to 
meet a wide variety of customer require-
ments and pass along the cost benefits 
of mass production. 
QUICK DELIVERY. Most TPS units 
are available 6 to 8 weeks ARO. 

SYSTEM CAPABILITY. Scientific-
Atlanta offers its customers a unique 
and proven capability to provide com-
plete telemetry tracking systems, spe-
cial antenna systems, and servo-control 
systems. 

FOR MORE INFORMATION, please address Scientific-
Atlanta, Inc., P.O. Box 13654, Atlanta 24, Georgia, 
phone: (404) 938-2930. 

SCIENTIFIC-ATLANTA, INC. 

ation for military applications. 
Connectors are said to surpass de-
tail spec for terminal boards, MIL-
T-55164, and take care of unusual 
shock and vibration problems. 

Insulating material of the con-
nector is made of Melamine. Metal 
inserts in the bed of the slots carry-
ing the wire leads pass through the 
arm of the connector, and complete 
the circuit through the contact pins. 

Interest in the Loudin connector 
device for electronics was suggested 
as the result of its application on an 
air-conditioned relay for a railway 
train, where a short through the 
metal contact arm of a switch 
caused a serious fire. 

Connector was developed by 
Loudin Electrical Company, Stam-
ford, Connecticut. 

Instant Photography 
PHOTOGRAPHIC film based on photo-
polymerization could produce a vis-
ible image on exposure to light by 
the chemical change in a monomer-
polymer system. Problem is to de-
velop nonsilver halide systems ca-
pable of reacting with photographic 
speed. 
Task now interesting Air Force 

Systems Command, Wright Field, 
includes design and evaluation of 
efficient visible light absorbing ac-
tivators for polymerization. Inves-
tigation will cover methods of dry 
fixation, and efficiency of such sys-
tems as film coatings. 

Aerospace Gets First Call 
On Liquid Hydrogen Source 
HIGH-PURITY hydrogen for semicon-
ductor manufacturing applications 
may soon be supplied conveniently, 
and economically by a new line of 
on-site storage equipment engi-
neered by Linde Company, Division 
of Union Carbide Corporation. Un-
til recently, electronics firms had to 
depend on purchase of gas to rigid 
specifications or on their own puri-
fication systems. But with the siz-
able build-up of liquid hydrogen 
capacity for the nation's aerospace 
program, this ultracold (minus 423 
degrees F) cryogenic fluid is be-

126 CIRCLE 126 ON READER SERVICE CARD 
electronics 



STRIPS OF "MYLAR" 

SHEETS OF "MYLAR" 

1HE INSULATION OE MYLAR IS SHOWN IN GREEN 

High dielectric and thermal properties of "Mylar" 
make busway smaller... at lower cost 

The outstanding performance of "Mylar" polyester 
film in thin gauges allowed the Square D Company to 

design a more compact busway at lower cost. "Mylar" 
provided an insulation material that was both strong 
and durable, with higher dielectric and thermal prop-
erties that eliminated the air space needed for cooling 
between the bars. Unlike many conventional insulat-
ing materials, heat can be dissipated directly through 
the "Mylar" without causing any breakdown of the 
insulating value. 

While the Square D busway operates within Class A 
temperature limits, the unit was subjected to a Class B 
test (130°C.)."Mylar" withstood this test, giving a 25° 
safety factor—and an expected insulation life of four 
times Class A insulation. 

The combination of properties of "Mylar" offers 

you added benefits that can lead to product improve-
ment. "Mylar" is resistant to solvents, easy to work 
with as compared with other insulation materials. 
"Mylar" has excellent volume resistivity even at ele-
vated temperatures. It has low moisture permeability. 
You may be able to reduce your costs through de-

sign modifications and manufacturing economies, 
using "Mylar" to replace your present insulating ma-
terial. Why not investigate its unique combination of 
properties in your applications? Save time and money 
now by writing to Du Pont Company, Film Dept., 
Wilmington 98, Delaware. 

only DU PONT makes 

1111YLAR® 
POLYESTER FILM 

(3UPON) 
Better Things for Better Living 

...through Chemistry 
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TICKET 
TO 

THE TOP 
37 32 92 14 27 1003 ere e, 
10Y. ZIP107145 ig,b150E zg 5000 

IN 
RESISTOK 
QUALITY 

Every resistor going through the new Ward Leonard plant at 
Hagerstown, Md. rides a quality control ticket ... and every resistor 
produced in this unique, air-conditioned, humidity-controlled plant 
is a METAL FILM PRECISION Resistor. 
When the trip is over, the ticket looks like this—loaded with im-

prints. The completed ticket records the identity and integrity of 
each technician and engineer who performed each operation—and 
made every inspection. The ticket will have the history of 18 manu-
facturing stages, 7 inspections, 8 quality-control checks, and another 

7 tests for conformance to MIL-R-10509D. 
The new Ward Leonard plant for Metal Film Precision Resistors 

produces just one line of resistors (1/10 to 1/2 watt) and that's the 
top quality. WARD LEONARD METOHM® and other metal film precision 
resistors are built to be the Best Resistor for Demanding Applica-
tions. They unvaryingly exceed all specifications, and hold well with-
in the permitted tolerances ... otherwise, they never leave the Hag-

erstown plant. 
Demand this top-performance quality for your own resistor re-

quirements. Ask for new Catalog 50A on METOHM Metal Film Pre-
cision Resistors—and the entire line of Ward Leonard resistors 
stocked by leading Authorized Industrial Distributors. Please write 

or call—Ward Leonard Electric Co., Metal Film Division, 30 South 
Street, Mount Vernon, N. Y. 8•27 

METAL FILM DIVISION 

WARD LEONARD 
ELECTRIC CO MOUNT VERNON 

• NEW YORK 

RESISTORS • RHEOSTATS • RELAYS • CONTROLS • DIMMERS 

coming available for industrial use. 
Liquid hydrogen is an excellent 
source of high purity gas since it 
normally contains only a few parts 
per million of impurities. 
New on-site storage equipment is 

similar to standard Driox system 
which have been used since 1932 
for liquid oxygen, nitrogen and 
argon supply requirements. How-
ever, units are now constructed 
with special insulation to minimize 
evaporation loss. Capacity range 
spans a small individual cylinder to 
1.5 million cubic feet and can handle 
up to several million cubic feet per 
month of hydrogen gas. 

Silicon Sheets 
Eliminate Waste 

SEVERAL types of semiconductor de-
vices have been made by grow-
ing materials in sheet form. Ma-
terial minimizes handling and 
eliminates many standard cutting 
and sizing operations which can 
waste as much as 90 precent of the 
starting material. 

This technique is different from 
ribbon growth, where the ribbon is 
formed by a complicated mechanism 
below the surface of a supercooled 
melt. Sheets grow above the sur-
face of the melt by a mechanism 
similar to Czochralski growth being 
pulled up by surface tension. 

Sheets can be grown wider than 
dendrites, and can be grown with-
out twin planes. The growth mech-
anism and characteristics of the 
sheets and ribbons are different. 

Single widths up to 0.5 in. and 
thickness from 0.5 to 35 mils have 
been grown. Studies show it can 
be grown as single crystal essen-
tially dislocation free. Surfaces 
can be used without further treat-
ment for device fabrication. 
A number of physical properties 

of the material remain to be inves-
tigated, however a general picture 
of its quality can be obtained by 
using it in devices. 

Diodes, transistors, Trinistors, 
and solar cells of low power level 
have been constructed. S. N. Der-
matis and J. W. Faust Jr. of Wes-
tinghouse in Pittsburgh say per-
formances of these devices indicate 
that the sheets are as good as, if 
not better than the best material 
made by conventional techniques. 
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P-6209 

Newest...in the industry's 
most extensive line 
of rotary switches 

CENTRALAB 
SERIES GO 
< 1%2" 
DIAMETE 
SWOT 
WITH 11/32" STRUT CENTER 

SPECIFICATIONS 

INSULATION: 1500V RMS, Steatite, Grade 
L-5A, MIL-I-10 

1000V RMS, Phenolic, Type 
PBE, MIL-P-3115 

1500V RMS, Mycalex, Grade 
L-4B, MIL-I-10 

TORQUE: Per MIL-S-3786A. 

CONTACT RESISTANCE: 3 milliohms. 

CURRENT RATING: 5.5 amps at 12 VDC. 
500 ma at 115 VAC. 

LIFE TEST: 25,000 cycles minimum. 

Designed to meet MIL-S-3786A, this switch 
is available with ceramic, phenolic or Mycalex 
sections. It can be supplied with adjustable or 
fixed stops with 30° or 60° indexing. The Series 
600 switch has up to 12 terminals on each side 
of the stator of which 8 can be insulated. 

Sample delivery is seven days. Production 
delivery, 4-5 weeks. 

For detailed specifications, write for EP-1152. 

Many types in stock at CENTRALAB distribu-
tors as Series PA-6000 Switches. 

THE ELECTRONICS DIVISION OF GLOBE-UNION INC. 

914L E. KEEFE AVENUE • MILWAUKEE 1, WISCONSIN 

In Canada: Centrelab Canada Ltd., P.O. Box 400, Ajax, Ontario 

ELECTRONIC SWITCHES • VARIABLE RESISTORS • CERAMIC CAPACITORS • PACKAGED ELECTRONIC CIRCUITS • ENGINEERED CERAMICS 
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PRODUCTS OF PROVEN RELIABILITY 360 RING SLIP RING ASSEMBLY 
Slip Ring Assemblies—Our new 
concept of button type spacing 
eliminates moisture and dust 
traps, gives maximum ring ca-
pacity within minimum space 
requirements. Dynamic char-
acteristics are improved be-
cause of lower torque, heat 
dissipation is better and capac-
itance is reduced.Cost is lower. 

ENGINEERING 

PRECISION CAST HORN 
Precision Microwave Castings 
— We pour aluminum, magne-
sium and copper base alloys. 
Precision sand, plaster and 
investment castings complete 
with metallurgical tests are 
processed at our foundry. 

WAVEGUIDE ASSEMBLY 
Microwave Devices — Typical 
microwave devices ranging be-
tween L and KU Band include 
duplexers, switches, phase 
shifters, power dividers, 
horns, directional couplers 
and mixers. We test to your 
specifications. 

Gorham Electronics has established a 
reputation of supplying complex preci-
sion castings, microwave devices and 
slip ring assemblies of proven reliability 
to the country's major contractors. 
Completely integrated facilities cover-
ing design, precision casting, close 
tolerance machining and assembly, 
plus final electrical test — all at one 
location—are your assurance of a qual-
ity product, at lowest cost. 

GORHAM ELECTRONICS 

CIRCULAR LINEAR POLARIZER 
Antenna Assemblies — Com-
plex assemblies in the L 
through KU Band frequency 
ranges for ground, shipboard, 
airborne and missile applica-
tions are available. 

Hidden costs associated with vendor 
liaison, incoming inspection, divided 
technical responsibilities, and multiple 
profits are eliminated by placing a 
single order for timely delivery of a fi-
nal tested product with an "Integrated 
Facility of Proven Reliability"—Gorham 
Electronics. Write today for our 
brochure. 

DIVISION OF GORHAM CORPORATION 

333 ADELAIDE AVENUE, PROVIDENéE 7. RHODE ISLAND 
Tel, Area Code 401 Williams 1-1000 

DESIGN • FOUNDRY • MODEL SHOP • MACHINE SHOP • PLATING & PAINTING . ASSEMBLY • TEST   
CIRCLE 207 ON READER SERVICE 

J' , PRECISION 

STEPPING SWITCH 

GENALEX\ 

wag 
for circuits which require a switch that steps 
positively, in either direction, around a bank 

of 25 contacts. FEATURING: 

•self-cycle or remote control operation 

• 65 steps per second on self-interruption 

•bridging or non-bridging wipers 

•20 steps per second from external impulses 

Over 10,000,000 steps in each direction 
without replacement. 
for complete data on this and other unique 

GENALEX switches, write: 

11 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 
U. S. AGENTS FOR THE GENERAL ELECTRIC COMPANY, LTD. OF ENGLAND/ 
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The Best Miniature Soldering 
Iron In The Woe ... 

ANTEX-eiecb;fiee 
MINIATURE SOLDERING IRON 

Low Wattage ... 110-120 volts ... 
no transformer! 

Weighs 1 ounce 

• Life of element and ease of 
handling are superior to any 
other miniature iron. 

• Sealed element maintains 
constant temperature 
around 626°F. 

• Ultra.flexible 3.wire cord — 
grounded — 50 megohms 
between element and tip 
protects components and 
operator. 

• Bright "safety" yellow han-
dle stands more than 1000F 
... stays cool. 

• Easy slide.on tips stay hot 
under production speeds ... 
made of tungsten.copper al-
loy; nickel or iron plated; 
diameter from 3/64" to 
3/16"; spade or chisel ends. 

Irons furnished less plugs: heavy duty 2 
or 3.pronged plugs available. 

JUST 
61/2 INCHES 

LONG 
C115 

14.35 
EACH 

In lots of 6 
Tips extra 

M. M. NEWMAN /CORPORATION 

Dept. 3 —79 Clifton Avenue, Marblehead, Massachusetts 
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SCIENTISTS AND ENGINEERS: At Motorola today, formidable 
new problems are calling for resourceful and highly original solutions... 
the kind of creative mindpower that has been successfully applied to the design 
and development of electronic systems such as the NASA/Goddard Range 
& Range Rate Satellite Tracking System the Air Force data acquisition and 
relaying system at the Edwards AFB high speed flight corridor.., and the 
RADAS random access, discrete address system. 

If you are interested in participating in these stimulating areas of systems 
research, write today describing your background and training in: 

Applied Systems Research • conceptual design and equipment development, 
communications theory, coding theory, logic systems design, systems and analysis, 
and operations research as applied to both military and non-military systems. " 

Systems and Sub-Systems Design • antenna and microwave design, 
integrated circuit applications, stress analysis and heat transfer, digital 
and voice communications, command and control, telemetry and tracking 
systems design, data processing and display, ultrareliability design 
techniques, radar and guidance equipment. 

We are particularly interested in programs un which this experience 
was obtained, and the extent of your technical responsibility. 
Address information to our Manager of Engineering at the 
location of your choice for immediate attention. 

CHICAGO 51, IllinoIs,1450 North Cicero Avenue 

SCOTTSDALE, Arizona, 8201 East McDowell Road 

RIVERSIDE, California, 8330 Indiana Avenue 
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Type GM 6020 

1 

Very large measuring range: 
from 1001/\/(f.s.d.) up to 1,000 W 
from 10 //,/(A(f.s.d.) up to 10 ,i/A 

Very high input resistance, low input capacitance 
Automatic polarity indication of measuring voltage 

Simple calibration by built-in calibration voltage 

High stability, no zero drift 

Overload protected 

ILI PS electronic measuring 
Sold and serviced by Philips Organizations all over the world 

Further information will gladly be supplied by: 

N.V. Philips' Gloeilampenfabrieken, EMA-Department, Eindhoven, the Netherlands 
For Canada: Philips Electronic Equipment Ltd., 116 Vanderhoof Ave., Toronto 17, Ont. 
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DC microvoltmeter 
Measuring ranges 
Input I: O — 100 /i V, 0 — 300 //V, — 1 mV, - 3 mV... 
O — 10 V; input impedance 1 MfIll 15-20 pF 

Input II: O — 10 mV, O — 30 mV ...0 — 1,000 V 
input impedance 100 Will 10 pF 

With the aid of diode probe GM 6050 
VHF voltages (0.1 — 800 Mc/s) from 1 mV up to 16 V can be 
measured 

Overall accuracy 
o — 100 //V: 5 °/o of f.s.d. 
All other ranges : 3 0/o of f.s.d. 

Pre-deflection 
5/1N/ 

Calibration Voltage 
3 mV (± 0.5 0/0) 

Polarity of measuring voltage 
A pair of luminous -columns automatically indicate the polarity 
of all readings above 10 0/o of f.s.d. 

Mains supply 
110... 245 V, 50... 100 c/s; power consumption 32 W 

Hum filter 
Input filter attenuates 50 cycle hum x 1000 

Overload protection 
Automatic circuit protection using neon tubes 

Cabinet 

Sturdy metal cabinet, grey finish; dimensions 
250 x 360 x 220 mm. 

instruments 

... some proved applications 

there are hundreds more... 

for D.C.: 

measurements of transistor and tube bias voltages, 
leakage currents in electron tubes, capacitors, diodes 
and transistors, ion currents in transmitting tubes, relay 
contact resistances, field strengths (using Hall plates), 
voltages and currents of photo multipliers, 
temperatures by means of thermocouples - as 
zero-indicator in compensation and bridge 
circuits - as indicator for wave measurements on 
microwave equipment, electro-analytical work, 
the adjustment of discriminators. 

for A.C. (with VHF probe) : 

measurements of RF voltages in the UHF bands, UHF 
tuners, oscillator voltages (AM and FM), RF output 
voltages of signal generators up to 1,000 Mc/s, 
the RF load on crystals from 80-800 Mc/s, RF voltages 
in IF amplifiers from 30-40 Mc's — as indicator in 
tuning coil adjustments from 30-40 Mc s. 

quality tools for industry and research 
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PRODUCTION TECHNIQUES 

Spuncast Plastics Achieve Reflector Precision 

Spinning of liquid synthetic 
resins under servo control 
reduces antenna costs 

By JOHN W. DAWSON 
Kennedy Antenna Division 
Electronic Specialty Company 
Cohasset, Massachusetts 

SPINCASTING, a process for ob-
taining high precision paraboloidal 
plastic surfaces, may be applicable 
to many of the immediate antenna 
reflector requirements of micro-
wave engineers. It appears likely to 
greatly enhance use of frequencies 
heretofore restricted by lack of 
suitable propagating equipment. 
The spincasting approach is 

based on a well-known physical 
principle: liquid spun in a dish 
about a vertical axis will automati-
cally form a symmetrical parabolic 
surface because of the joint action 
of gravity and centrifugal force. 
Kennedy has adapted this principle 
to achieve stable precision-surfaced 
reflectors of large size—up to 30-ft 
diameter. 

LARGE REFLECTOR—The spin-
casting process starts with the 
feeding of selected synthetic resin 
formulations, in liquid form, into 
a specially designed strong metal 
dish structure. These are main-
tained spinning under precise servo 
velocity control until the plastic 
sets. The supporting and backup 
structures for the dishes are several 
times more rugged and stable than 
conventional microwave antenna 
structures. For example, the 28-
foot reflector of an antenna with an 
effective diameter of 1,000 wave-
lengths now in operation at the MIT 
Lincoln Laboratory has a concave 
supporting surface formed from 24 
panels of 6-inch thick fiberglass-
over-paper-core honeycomb. These 
panels are triangular and approxi-
mately 8 feet on a side. They are 
individually adjustable with respect 

ANTENNA reflectors up to 30-foot diameters have been spuneast. One 
24-hour test showed only one minute of arc distortion due to solar heat. 

to a massive backup structure. 
A sweep template was used to ad-

just the supporting surface (or 
dish) to form a paraboloid within a 
tolerance of 0.125 inches. The en-
tire structure was then placed on a 
rotating table with the paraboloidal 
axis vertical and coincident with 
the table's spin axis. While rotat-
ing at a constant speed of 11 rpm, 
a liquid exothermic-setting poly-
urethane elastomer was poured into 
the dish. The paraboloid formed by 
the liquid had a focal length deter-
mined by the rotation speed; the 11 
rpm speed matched the 12-foot focal 
length required by the 28-foot re-

flector to form a uniform coating 
approximately î inch thick. When 
the plastic had setup to its normal 
hardness (approximately that of a 
red rubber eraser) and while the 
entire unit slowly rotated, a zinc 
coating was applied by a flame 
spray technique. A final thin coat-
ing of urethane plastic was then 
added to prote,:t the zinc conductive 
surface from weather corrosion. 
To achieve a given tolerance on a 

given spincasting size, compliance 
must be made with a minimum sum-
mation value for the product quan-
tity WIFt, where h is the fluid 
film thickness, F is fluidity, t rep-
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How Bendix cleans critical subassemblies 
containing13 different plastics and metals 

PROBLEM: Eclipse-Pioneer Div., The Bendix 
Corp. needed reliable production-cleaning of 
vital subassemblies for aviation instruments. 
The subassembly had to be immersed whole in 
the cleaning agent, with no harm to 13 different 
materials of construction, paint and color cod-
ing—yet with thorough removal of contami-
nants. 

SOLUTION: Du Pont Freon* solvent, a selective 
fluorocarbon cleaning agent. "Freon" pene-
trates the tiniest openings to remove contami-
nants, yet its inercness makes it compatible 
with all sorts of delicate plastic and metal sur-
faces. The photos also show how quick and 
easy the new process is—using a sonic-energy 
cleaner. 

Here's how Bendix describes it: "Our objec-
tive is to remove any microscopic contaminants 
generated during production of these subassem-
blies for aircraft and missile gyros, instru-
ments, flight control systems, etc. Contami-
nants could include air-borne dust, grease, oil 
films and particulate matter—and 'Freon' cleans 
'em all out. Yet it doesn't harm any of 13 dif-
ferent materials we commonly use in our units 
—including diallyl phthalate, phenolic, epoxy, 
nylon, vinyl, melamine, alkyd, Teflon* and 
Mylar* plastics; aluminum, steel, brass and 
gold, and various types of paints, varnish and 
color coding. So now we get fast, thorough 
cleaning of subassemblies by immersing them 
whole in `Freon'." 

"Another point is that 'Freon' fits fine into 
our Clean Room operation. It's nonflammable, 
almost completely nontoxic, fast-drying with-
out residue, and works well in our Bendix sonic-
energy degreaser." (see photos) "This closed-
cycle degreaser gives us sonic energy cleaning, 
a vapor rinse, and continuous solvent purifica-
tion, all in one cabinet." 

For cleaning and degreasing all kinds of 
delicate instruments, bearings, printed circuits 
and assemblies, it's hard to beat "Freon" sol-
vents. Write us for complete technical data 
and/or the services of one of our technical 
men. Du Pont, N-2420E11, Wilmington 98, Del. 

*Du Pont tradentarks. 

FREON® luPON . 
solvents Al. 

BETTER THINGS FOR BETTER LIVING—THROUGH CHEMISTRY 
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for maximum 
reliability 

SPECIFY BIRTCHER 
HEAT RADIATORS 

LOW-COST 
HEAT RADIATOR 
FITS 75% OF 
SEMICONDUCTORS 
Birtcher's new compact, low-cost 
3AL-771 heat radiator has a univer-
sal hole pattern for mounting 75% 
of most popular semiconductors in-
cluding TO-3, TO-36 and all Y4-in. 
stud mounted cases. You don't have 
to stock a variety of heat radiators 
for different case sizes now—one de-
sign, from stock does the job of 
keeping junction temperatures well 
within safe limits at highest wat-
tage dissipation even in free-air 
mounting. No protruding fins or 
fingers to get in the way. A total 
of 15 sq. in. of effective radiating 
surface in a clean design. Material 
is .063 aluminum alloy 1100-H14 per 
QQ-A-561c and black anodize finish 
per MIL-A-8625A Type II. 

Available from authorized 
distributors 

Write today for certified 

comparison test reports 

THE BIRTCHER 
CORPORATION 

INDUSTRIAL DIVISION 

745 S. Monterey Pass Road, Monterey Park, Calif. 
ANgelus 8-8584 

TUBE/TRANSISTOR/COMPONENT 
COOLING AND RETENTION DEVICES 

RADIAL truss design provides strong support needed for reflector during 
spinning process and operation 

resents time increments during 
setup of plastic. 

MATERIALS—Selection of suit-
able "hardenable liquids" is very 
important in the development of 
spuncast reflectors. Those which 
have appeared to best satisfy the 
below-listed requirements are cer-
tain formulations of synthetic res-
ins in the urethane and epoxy fam-
ilies. Epoxy resin plastics have 
been found admirable for applica-
tions such as smaller sized milli-
meter waveband reflectors and para-
bolic mirrors. Current work on 
elastometers is showing high prom-
ise for use in larger sizes and for 
lowest op er atin g temperatures 
( —60 degrees F.) 
Ideal qualities of the plastics used 

may be listed as: 

A. Environmental Resistance: 
No creep from sunlight heating. 
Shock resistant at all operating 

temperatures. 
No deforming of support structure 
with temperature change. 

B. Low specific gravity. 

C. Low viscosity in liquid phase. 

D. Long pot-life. 

E. Good adhesive bond to metal or 
fiberglas panels. 

F. Thermal expansion coefficient to 
match the support panel, or: 

G. "Rubbery" character—low strength 
modulus—through entire tem-
perature range. 

H. Non-toxic during processing. 

I. Moderate temperature range dur-
ing processing. 

J. Smooth gravity-cast surface. 

K. Good bonding to conductive coat-
ings. 

L. Low cost. 

Compared to aluminum present 
spincasting materials have a modu-
lus of elasticity several thousand 
times less and a coefficient of ther-
mal expansion several times 
greater. Their specific gravities 
range from 10 to 15 percent greater 
than water. No creep was detected 
on flexible urethanes after 16 
months weather exposure and on 

electronics 
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99.99 PERCENT RELIABLE 

CIRCLE 137 ON READER SERVICE CARD 

--11111MIMIM 

This is Filtors' Blue Ribbon Relay. The probability 
that this relay will operate 10,000 times without a 
single miss is 99.99 percent. If it does not miss in 10,000 
operations, the probability that it will operate another 
10,000 times without a miss is still 99.99 percent. 
Documentation for this claim for both dry circuit and 
2 ampere contact leads can be obtained by writing to: 

FILTORS, INC./ RELAYS 
EAST NORTI:IPORT, NEW YORK (516) AN 6-1600 pr Subsidiary of General Battery & Ceramics Corp. ' 

 JIM 
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Fast, foolproof 
production testing 

and sorting of 
2 and 3 terminal 

devices 

Insert Device 

Press Button 

Drop in Chute 

15 tests in less than 
a second 

Automatic sorting to 
16 categories 

['lo operator decision 

Texas Instruments Model 654 Transistor and Diode Tester 

with 16-Bin Automatic Sorter provides production-speed testing 

and accurate automatic grouping of two- and three-terminal devices. 

Operation requires only three simple manual steps, completely 

eliminating operator decision. Sorting logic determined by printed 

plug-in circuit boards in the tester automatically routes the com-
ponent to the proper bin. At the conclusion of the test, the operator 

merely drops the device into the entry chute. Sorting logic is held 

during the testing of the next device. 

The Model 654 combines speed and accuracy with flexibility of 

circuit board programming. The Automatic Sorter and other acces-

sory equipment insure continued maximum effectiveness of the 

basic instrument. 
Write for complete information. 

INDUSTRIAL PRODUCTS GROUP 

STRIP CHART RECORDERS 

TEST EQUIPMENT 

DATA  

TRANSDUCERS 

TEXAS INSTRUMENTS 
INCORPORATED 
3609 BUFFALO SPEEDWAY 

P. O. BOX 66027 HOUSTON 6.TEXAS 
550 

epoxys for nearly as long. Shock 
resistance of epoxies as used in the 
reflector configuration was found 
to be good except at temperatures 
below —20 degrees F, while elas-
tometers were excellent at all oper-
ating temperatures. Water and 
chemical resistance of materials 
were excellent. 

SURFACE TOLERANCES — Sur-
face finishes of 5 mieroinches or 
less are achievable. Although, up to 
this time mirrorizing of reflectors 
larger than 4-foot diameters has not 
been worked-out. Sizes up to 4-foot 
are often vacuum aluminized. Also, 
for microwave use, the plastic sur-
face is ordinarily molten-zinc 
sprayed and protected by a syn-
thetic varnish coat. Optical testing 
on 4-foot sizes has indicated surface 
slope tolerances of approximately 2 
minutes of arc or less. 

REFLECTOR STRUCTURES— 
Customarily, spincast ings are 
formed in reinforced spun-alumi-
num "dishes" in sizes up to and in-

HIGH REFLECTION is displayed 
by plastic surface immediately 
after spinning process 

eluding 10-foot diameter. Smaller 
dishes of this class are typically re-
inforced using a heavy cylinder sec-
tion serving as mounting ring and 
as structural support of a brace 
cone extending between mounting 
point and the reflector rim. 
The 10-foot diameter size is sim-

ilarly reinforced, but uses 16 brace 
channels instead of the cone. 
An aluminum radial truss design 

typical of many strong structures 
has been developed by Kennedy ap-
plicable to a variety of f/d ratios 
and for dish diameters of 5-20 feet. 
The radial trusses are surfaced by 
successively larger tubular rings 
welded to the girders. The rings 
are, in turn, "shingled" with radial 
overlapping wedge-shaped alumi-
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LIKE HAPPY _ENDINGS? 
Here's one from the Saturn program about a new telemetry technique — and a Collins Mechanical Filter. 

The Saturn missile brought up a tough telemetry question: How to provide adequate transmission capacity for 
wideband data such as vibration measurements. D Bandwidth capacity of available telemetry systems was too 
low. A new kind of transmission, using single sideband modulation of an AM subcarrier and providing 10 
times the equivalent bandwidth, had been proposed. D Filters were key factors in the system's operation. In 
addition to the extreme selectivity demanded of the bandpass filters, they had to be tough enough to operate 
under 20 G's vibration from 50 cps to 200 cps without modulation and spurious signals. They had to withstand 
a 100 G shock. And they would have to reduce insertion loss and passband ripple to new minimums. D Because 
of these rigorous requirements, the logical answer was a Collins Mechanical Filter, but with significant state-
of-the-art improvements. For the transducer, Collins developed a new ferrite material, increasing the mechanical 
strength of the filter and reducing insertion loss. Another benefit of the ferrite transducer was a 3 db to 1 db 
drop in passband ripple. o Specs for frequency stability of the filters under radical temperature changes 
sounded impossible at first. But with new heat treatment techniques for the nickel-alloy discs that are the filter's 
resonant elements drift was held to within 1 ppm/C° temperature change. D This Collins Mechanical Filter, 
packaged in less than 1/3 cubic inch, was a key to development of this new SS-FM telemetry technique at NASA's 
George Marshall Space Flight Center. The new technique has been invaluable in transmitting the avalanche 
of vibration data and other wideband information through two successful Saturn launchings. D More 
than 100 standard mechanical filters for the 60 kc to 600 kc range are in the Collins catalog today, and if one 
of these won't do, the industry's only mechanical filter design staff is ready to help you with special designs. 
Call Collins today or write for Data File 202. D COLLINS RADIO COMPANY • Components Division 

• 19700 San Joaquin Road • Newport Beach, California • Phone: KImberly 9-2911 
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TEST MODULES 

AXIAL LEAD HANDLER 

TURRET ADVANCE 

TAPE PROGRAM MODULE 

ICSO SESO 1 CEO SVCS° BUBO SVCS° 
200 5 10 o 10 au 10 44 60004 

not& xv 00.00 

172 496 601 051 348 275 
257 115 031 523 583 252 
218 305 020 557 621 287 
305 197 067 453 548 167 
232 154 042 602 664 207 
185 107 023 556 466 291 
205 126 050 386 457 168 
607 218 071 363 479 124 
,A RI 111.0  477 404 07  

LOGGED-DATA 

Automatic semiconductor 
tester provides 

MODULAR ANSWERS 
to parameter 

testing problems 
For incoming inspection ... production 
testing ... reliability testing ... engi-
neering studies ... component sorting 
... the multi-parameter Model 1500 
Testing Station has fast become recog-
nized by leading transistor/diode pro-
ducers and users as the most versatile 
and accurate instrument in its field. 
Programming: Automatic and direct 
reading manual program modes are 
available. Punched Tape provides an 
unlimited number of sequential tests to 
be performed on any device. Self-
Instruction permits new programs to be 
prepared directly from the precision 
dials and panel selector switches on the 
test modules. Test type, bias conditions, 
hi-lo limits and delays are all included in 
the program. 
Measurements: All DC, small signal 
(grounded base and emitter), pulse, and 
diode_ tests are available. The TEST 
MODULE concept permits complete 
measurement flexibility. Over 30 stand-
ard test modules are available. Field 
installation of new modules is easily 
accomplished. 

Ranges: Currents 0.1 nanoampere to 10 amperes 
Voltages 1 millivolt to 1000 volts 
AC or DC Ratios (gain transfer ratios) 
0.1 to 1000. 

Accuracies:. 1% on DC tests; 3% on AC and 
Pulse tests. 

Readouts: GO, NO-GO; digital indication; print-
out; summary punch; classification and 
automatic bin selection. 

Input Devices i Scanners; Axial Component 
Handlers; Conveyor Systems. 

OPTIMIZED DEVICES"' 
PLEASANTVILLE, NEW YORK 

ROgers 9- 6 1 0 0 

num sheets fixed to the circular 
tubing support by rivets. 

MEASUREMENT — Reliable sur-
face measurement is a problem of 
some magnitude. A simple and re-
liable method for measuring circu-
lar errors of the paraboloid is per-
formed while the reflector is still 
mounted on the spin-machine. Dial 
indicators are mounted from a steel 
cross-beam and applied against the 
plastic surface. Successively larger 
"rings" are measured at various an-
gular positions while the reflector is 
slowly rotated. Accurate measure-
ments can be made within .001 inch. 
Such measurements provide no di-
rect information on accuracy of 
parabolic cross-section. However, 
with proper control of the forming 
process cross-sectional errors are 
compatible with the "circular" er-
rors. 

ILLUMINATION of smoke par-
ticles outlines circle-of-least-con-
fusion at reflector's focal point 

A similar method measures both 

radial and angular errors. This 
method requires accurate location 
of the axis of symmetry—"bore 
sight." A measuring rod of pre-set 
length is gimbal-supported at one 
end on the bore sight line, while the 
other end bears a dial indicator 
which applies Lgainst the reflector 
surface. Primary advantage of this 
method is that it measures both 
parabolic and circular errors. A 
practical advantage is that the dial 
indicator need not be tracked pre-
cisely at a particular radius because 
the rod projects normal-to-surface. 

Optical measurements and beam 
pattern tests have also been used. 
A circle-of-least-confusion optical 

test method requires mirrorized re-
flector surfaces. Parallel light rays 
are projected into the mirror face. 
Size of the focal spot may be di-
rectly observed and roughly meas-
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PUMPS • VALVES • BAFFLES • GAUGES 

VACUUM rnmPONENTS 
DIFFUSION PUMPS 

"Licensed exclusively from 
Edwards High Vacuum 
Limited. U. S. Patent No. 
2919061. 

sition. • Fractionating 
jet assembly.. . 
constantly puri-
fies pump fluid... 
lower pressures 
can be held longer. 

• Patented Cold Cap* ... an 
NRC exclusive ...cuts back-
streaming 98%. 
Available now in 4", 6", 10", 
16" and 32" sizes for all your 
hie-) vacuum testing and 
production applications, 
where performance and 
reliability really count. 

Only NRC offers a full line 
of high-speed diffusion 
pumps with all these impor-
tant advantages: 
• No super-heating ... min-
imizes pump fluid decompo-

CRY() AND MOLECULAR 
BAFFLES 

Now, your high vacuum system can be oper-
ated at lowest pressures for extended periods 
of time with no detectable trace of hydro-
carbons reaching the chamber! The reason: 
NRC's Circular Chevron Cryo Baffle and the 
all-new NRC Molecular Sorbent Baffle (which 
utilizes three full trays of zeolite) virtually 
eliminate back-migration of pump fluid va-
pors. Yet, they provide exceptionally high con-
ductance for maximum useful pumping speed. 

NRC 
EQUIPMENT 
CORPORATION 

MANUFACTURING PLANTS 

SLIDE VALVES 

New NRC Slide Valves (HC Series) are very-
high and ultra-high vacuum valves at conven-
tional prices. Pressures of 10 -8 to 104° torr range 
have been produced ... without baking... in 
vacuum systems using these valves. 100 Vo 
clear opening and low height provide highest 
conductance. Double-pumped stem seal cuts 
gas bursts 99 ye . They're available in 4" and 6' 
sizes, either hand or air operated. 

VACUUM GAUGES 

Get accurate, reproducible direct-readings to 
10-13 torr with the new NRC Model 752 Red-
head Magnetron Gauge! The only really satis-
factory gauge commercially available for 
measurernents below 1 x 10 torr. Increased 
current readings provide 50 times the sensi-
tivity of hot-wire ionization gauges. Because 
there's no hot filament, it's magnitudes less 
"gassy", can't become contaminated by vapor-
izing of gauge elements. And the 752 Gauge 
is not X-ray limited. 

NRC's full line of vacuum gauges and controls 
also includes an improved Bayard-Alpert type 
gauge, Model 751, for accurate, reliable meas-
urement in the 1 x 10-3 to 104° torr range. 

A Subsidiary of National Research Corporation 

160 Charlemont St. Dept. 4K 

Newton 61, Massachusetts 

Area Code 617, DEcatur 2-5800 

IN NEWTON, 

All of the above components are 
stock items. Write today for prod-
uct data sheets. Let us show you 
how NRC components can improve 
the performance of your high vac-
uum system. 

MASSACHUSETTS AND PALO ALTO, CALIFORNIA 
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APPLICATION ENGINEERING NOTE 
FROM ALADDIN ELECTRONICS 

Blocking oscillator circuits 

.02 pf 

INPUT: --- — o4-4-1 
Amplitude: 1 volt 
Pulse Wid h: Spike 
Rise Time 0.1 psec 
Rep. Rate: 300 KC max. 

o 

Aladdin 
94.1564 

1 t•I 278 

OUTPUT: 
Amplitude: 6 volts ± 10% 
Pulse Width: 1.0 µsec ± 20% 
Rise Time: 40 nsec max. 

for 40 nanoseconds rise time 

Shown above is a common base transistor blocking oscillator using 
the popular 2N697 transistor. This circuit offers a rise time of 40 

nanoseconds maximum as well as a duty cycle of 30%. 

2N 498 

INPUT: II 
Amplitude: -4- 40 volts 0.1 pf 
Pulse Width: 3.5 µsec 
Rise Time: 50 nsec   

..90 
o 

Aloddin 
 I 02-984 

 o 

OUTPUT: 
Amplitude: 700 volts MIN 
Pulse Width: 1.0 psec ± 20% 
Rise Time: 0.4 µsec max. 

for 700 volt amplitude 
A look at the output characteristics of the circuit above 

Indicates it will produce a one microsecond wide pulse with 
an amplitude of at least 700 volts. Ideal for circuits where 

high voltage is needed and the current drain is low—e.g., 
igniting a thyratron. 

Using other transistors or transformers in the circuits 
shown above, it is possible to get many combinations of 

performance characteristics. For information to assist you 
In the design of circuits involving pulse transformers, wide band 

coupling transformers or inductors, write for your free 
copy of our "Product Directory:' 

Write Department IM 

0 

where the magic of magnetics is a science.j." 

nashville 10, tennessee phone: 242-3411, code 615 
twx: 615-244-1534 
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ured in a smoke-filled atmosphere. 
More accurate measurement is 
easily made using a partially 

masked (.010 inch hole) photo cell 
traversed through the focal area. 
Recent tests of a four-foot diame-
ter reflector showed a circle-of-
confusion diameter, at the half-
power point, of only .070 inch. 
A grid image optical test method 

measures surface slope errors. This 
method requires mirrorized sur-
faces. The reflector is illuminated 
from its focal point, thru an accu-
rate grid using an appropriate lens 
system. A perfect reflector will 
then project a true grid pattern 
onto a white screen. Imperfections 
of slope show as waves in the pro-
jected grid lines. These waves are 
measured and translated into slope 
error. Typically, slope deviations 
are within 15 seconds of arc. 

Space Simulation Chamber 
Has Fast Pump Down 

A LABORATORY space environment 
chamber able to produce a vacuum 
of 5 x 10-u mm Hg has been de-
veloped by Vacuum Specialties, 
Inc., Somerville, Mass. 
The chamber uses elastometer 

"0" ring seals and a 10-inch dif-
fusion pump with an integral water-
cooled optical baffle. The 20 cubic-
foot cylindrical chamber has fast 
pump down and a minimum of 
vapor evolution. 

For degassing to reach lowest 
pressure, the chamber is heated by 
a tunnel-type bakeout oven which 
can be rolled by hand over the 
chamber. The oven has radiant heat-
ers with polished reflectors and is 
capable of operating up to 250 C. 

Stainless steel coils on the out-
side of the chamber are used for 
cooling after bakeout. Four ports 
facilitate making connections and 
fulfill other purposes. 

electronics 



NEW FROM f NEMOTRONI 
We are silent about the "M" in Mnemotron but not about our new 700 Series Data 
Recorder. With good reason. For one, it brings the size and cost of data recording 
systems down to sensible proportions if your data is analog voltage from DC to 
5000 cycles per second. And its features would not embarrass even the costliest 
instrumentation recorder. Here are a few: 

COMPACTNESS. A complete 7 channel record/reproduce 
system uses less than two feet of rack space. A 14 channel 
system adds less than seven inches more. 

ACCURACY. Input-output characteristic is linear within 0.2 
per cent with Mnemotron unique Pulse Frequency Modulation 
(PFM) data conversion technique. 

FLEXIBILITY. As many data channels as you need with a 
choice of channel format. For greatest operating economy, 
choose up to 7 channels on 1/4 inch magnetic tape, 14 chan-
nels on 1/2 inch tape, standard IRIG spacing and track width 
of 7 channels on 1/2 inch tape. 

INTEGRATED RECORD/REPRODUCE MODULES. A single 
solid-state PFM Data Converter has all the record/reproduce 
electronics for each channel. Simple rotary switching lets you 
select data conversion for 3 tape speeds. No additional plug. 
ins needed. 

ISOLATED INPUT CIRCUITS. Input terminals of each chan-
nel are isolated from all the others to readily accept data from 
floating, unbalanced or differential sources. 

VERSATILITY. 700 Series plug-in accessories expand in-
strumentation capability. Typical: Electrocardiogram pre-
amplifiers for recording directly from electrodes. Pulse 
Record unit for recording trigger pulses, time markers, 
or stimulus pulses in medical research . . . 

PRICE. 7 Channel System from $6,495 

COMPLETE SPECIFICATIONS. Send for your copy today. 

To answer the many inquiries, Mnemotron 
comes from Mnemosyne, Greek Goddess of Memory. 

Al N E NI 01" FZQ N Q Ft P 0 I 44r I 0 N 

45 South Main St., Pearl River, New York, 914 PEarl River 5-4015, Cables: Mnemotron, TWX: H99 

Subsidiary of Technical Measurement Corporation, North Haven, Conn. 
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WANTED TO PURCHASE 

Supplies and equipment of every type for 
commercial fishing by prominent firm of ship 
chandlers. Genoa, Italy 

(One of thousands of typical export opportunities for American businessmen) 

The world is your market place. From South America to South 

Asia there's an immediate need for furniture, construction equip-

ment, appliances, aluminum. The list is endless and so are the 

business opportunities. 

To help U.S. businessmen take advantage of these opportuni-

ties, the U.S. Department of Commerce sponsors specialized 

Trade Missions to countries throughout the Free World. Each 

Mission is composed of specialists in particular industries who 

volunteer to carry abroad hundreds of specific business pro-

posals from American manufacturers to their opposite numbers 

overseas. One Result: A Trade Mission recently helped a Chi-

cago manufacturer fill an order to ship a million dollars' worth 

of goods. 
The United States Department of Commerce can help stimu-

late export trade in many other ways: It can help you find 

agents abroad, survey your best markets, and exhibit your 

products at International Trade Fairs and Trade Centers. 

To find out more about how to get your share of profits in 

growing world markets, contact the U.S. Department of Com-

merce—field offices in 35 major cities. Or write: Secre-

tary Luther H. Hodges, U.S. Department of Commerce, 

Washington 25, D.C. You'll get a prompt reply. 

BUILD YOUR BUSINESS BY BUILDING AMERICA'S EXPORTS 

Published as a public service in cooperation with The Advertising Council and the United States Department of Commerce. 

'•4e-te 
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Your Present Temperature Controlled Units 

TROUBLESOME 
install 
BLUE M 

LOW 
COST 

POWER - - MATIC 60 
REACTOR CONVERSION 

NO AMPLIFIERS • NO CONTACTS 

---1311111111•1111-. 
CHANGE FROM 
OLD-FASHIONED 

ON-OFF CONTROLS 

TO 

PROPORTIONAL 

STRAIGHT-LINE 

RESULTS I 
• 

ALL VOLTAGES 

• 

V2 KVA 
to 10 KVA 

BLUE M eze, 

EFFICIENCY 

RELIABILITY 

SAFETY 

BLUE ISLAND, ILLINOIS 
DIVISION: BLUE M ENGINEERING COMPANY 

2312 So. Main Street, Los Angeles 7, California 

CIRCLE 209 ON READER SERVICE CARD 

WHEN CONVENTIONAL 
SHOCK MOUNTS FAIL 
investigate the advantages of 

a cable isolator system — a 
unique configuration designed 

to control 
vibration and 

shock in extreme 
environments and 
in all attitudes. 

Write for 
more 

information. 

INCORPORATED 

Dept. JL-66 • 48-25 36TH STREET • LONG ISLAND CITY 1, N. Y. 

AEROFLEX LABORATORIES 

WHY KET IS THE BEST BET YET, IN 
MIXER PREAMP HARDWARE YOU CAN GET! 

Pardon the "Variety" headline but Lel's new 
Mixer-Preamp models just plain deserve the full 
treatment ... klieglights, fanfares and all. The 
new K-BAND Models are sure to win applause 
from the most exacting users. 

Plenty of features in this spectacular .... most 
notable are the full wave-guide range and the 
high isolation LO to signal port. Here are some 
of the others 

Frequency Range   

Gain   

IF   

Noise Figure 

KET-2 (tubes)   10.0 db (max.) 
KET-6 (transistors)   12.0 db (max.) 
KET-8 (Nuvistors)   10.5 Ob (max.) 

Isolation (LO. Port—Sig. Port)   15 db (Typ.) 

Size 313(6"LX 13(6" W x *1 5 
Weight   11 oz. 

The program lists 20 basic models, with a wide 
choice of IF and bandwidth, each one a star. Like 
all LEL products, they are certain to be hailed 
throughout the microwave field for sure-fire per-
formances of the highest merit. Here's another 
important plus, these attractions aren't just 
coming soon ...they're here now! Make your 
reservations early. 

12.4-18 Oc 
20 db 

30, 60 or 70 Mcs. 

Write for Comprehensive Illustrated Catalog 

/AKRON STREET 
COPIAGUE, L.I., N.Y. 

AMityville 4-2200 
PYramid 9-8200 

CIRCLE 210 ON READER SERVICE CARD 
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A MESSAGE TO AMERICAN INDUSTRY • ONE OF A SERIES 

The New Legislation Is Only One 

Of The Steps Required... 

To Fulfill The Promise Of 
The Trade Expansion Program 

In securing unprecedented powers to negotiate mutual 
tariff reductions with other countries — especially 
those of the European Common Market — President 
Kennedy has scored a notable political victory for 
his Administration. Also, and of much more abiding 
importance, he and his trade advisers have devised and 
secured command of new machinery for making inter-
national tariff adjustments which have the potential 
of providing highly beneficial stimulation to U.S. and 
Free World trade. 

However, if this potential is to be realized in 
anything like full measure, the President's ac-
quisition of power to negotiate large reductions 
in U.S. tariffs in exchange for comparable con-
cessions abroad is only the first of a series of 
adjustments that must be made in the prevail-
ing economic arrangements in the U.S.A. The 
purpose of this editorial is to indicate some-
thing of the nature of the follow-through that 
ss ill be required. 

In successfully seeking the authority to bargain 
for sweeping reciprocal tariff cuts, the Kennedy Ad-
ministration has stressed primarily the proposition 
that we must get tariff barriers lowered abroad to in-
crease our exports. It is axiomatically true that lower 
tariff barriers abroad would help our exports. And 
it is also true that we need larger exports to keep 
our international balance of payments in reasonably 
(rood and safe order. 

It's A Two-Way Operation 

But bargaining to get the tariff barriers of other 
countries lowered on a grand scale is a two-way op-
eration. We've got to give — in lowering our own walls 
against competition from abroad — for what we "git." 
Here another axiomatic proposition emerges. 

If we as a nation are going to benefit from the 
razing of our tariff walls, in exchange for simi-
lar concessions abroad, we must first be sure 
that our economy is in rugged enough condi-
tion to compete successfully with the greatly 
intensified foreign competition we will be in-
viting. Otherwise, on balance, we stand to take 
an economic beating. The fact of the matter is that 
much of our economy is not in this robust condition. 

Subsidized Exports 

Take the ease of our agricultural exports. Last 
year, we sold almost $5 billion of food and 
other farm products abroad. This was almost 
25% of our merchandise exports. But about a 
third of these exports was channelled through 
our foreign aid program, was paid for in 
foreign currencies, or even given away, and got 
us no dollars to help our balance of interna-
tional payments. Another fourth of these ex-
ports was subsidized by the U.S. government, 
some as much as 25%. The subsidies were 
vivid testimonials to the fact that our national 
policy of restricting output and jacking up the 
prices of the products in question has priced 
them out of world markets. 
The subsidizing of exports of farm products also 

has the grossly unfair effect of penalizing American 
processors of them. They must pay more, sometimes 
far more, for their raw materials than do their over-
seas competitors. The domestic manufacturers of tex-
tiles, for example, must pay up to 25% more for 
U.S. grown cotton than their Japanese competitors. 

Hence a basic step in a successful trade expansion 
program is a return to something approaching eco-
nomic sanity in the government's farm program. 



A High Wage Haven 

Take also our capacity to compete in industrial 
products with overseas competitors, particu-
larly those of the Common Market and Japan. 
Wage rates in the U.S. are about twice as high 
as they are in Western Germany. Much the 
same wage differential favors the rest of the 
major industrial countries with which we pro-
pose to enter a broad tariff-cutting program. 

Historically, we have competed successfully in in-
ternational markets for industrial products, despite 
extremely high wages, for two basic reasons. First, 

we have had the great cost- and price-reducing ad-
vantages of mass production, made possible by our 
own continental tariff-free common market. Second, 
we have had the advantage of especially efficient in-
dustrial plants and equipment. 

Now our competitive advantages in world markets 
through mass production of industrial products are 
clearly on the way out. The European Common Mar-
ket will give its participating countries opportunities 
for mass production which previously only the U.S. 
has enjoyed. 

Antique Industrial Plants 

Our advantages in superior industrial plant 
and equipment have already disappeared in 
large degree. It is a grimly ironic fact that the 
bombs dropped on Western Europe and Japan 
were an economic boon of sorts. They destroyed 
a lot of aging or obsolete industrial equipment 
which has now been largely replaced by up-to-
date producing facilities. For example, 
McGraw-Hill's recent survey of Overseas Opera-
tions of U.S. Industrial Companies discovered 
that less than 25% of U.S. firms' foreign plants 
and equipment antedates 1950. 

In what should be to us a most alarming contrast, 
a large part of our industrial plant and equipment 
in the U.S. properly belongs in an antique shop. The 
McGraw-Hill Department of Economics has found 
through another survey that 40% of the productive 
facilities of the U.S. date back to 1950. 

Signs Of An Awakening 
Recently, there have been some important indications 
of awareness of the necessity of facing up to these 
harsh realities of our international competitive posi-
tion. They are the administration's tax credit plan 
and the upward revisions of depreciation allowances 
to speed up the process of modernizing the industrial 
plant of the U.S. 

But thus far nothing has been done to re-
duce perhaps the greatest single deterrent to 
a speedup of the modernization of our indus-

trial producing facilities. This is the 52% bite 

the federal government takes out of corporate 
profits. Until this bite is reduced, the chances 
of getting our industrial facilities reasonably 
well modernized will remain slim. 

Booby Traps Ahead 

In many lines U.S. companies can compete success-
fully almost anywhere for many different reasons — 
product originality, better design, better packaging, 
better selling. Yet our foreign competitors are not back-
ward; they are quick to learn any improvements and 
advances that U.S. companies introduce, and they carry 
out research and development of their own that some-
times helps them get the jump on our products. And 
their governments, long pressed to help increase their 
countries' exports, know well which economic policies 

help their competitive position abroad and which 
ones hinder. They are in excellent condition to meet 
the challenge of U.S. competition. But until a lot of 
basic overhauling and strengthening is done — key 
parts of it governmental —much of the American econ-
omy will not be in such rugged shape. 

The success of the trade expansion progam does not, 
of course, rest solely with the U.S. government. Ameri-
can businessmen have heavy responsibility for its suc-
cess. They must intensify their search for new and bet-
ter products and more efficient methods of production; 
and our salesmen must continue to expand overseas 
markets for U.S. made products. 
The goals of a great free trade area embracing all 

of the free world which have been envisaged by the 
eloquent proponents of the Kennedy trade program 
are shining and alluring goals. But, unhappily, the 
route toward these goals for the U.S. is replete with 
pitfalls and booby traps. To avoid them, we must 
see that we have rugged international competi-
tive strength when we invite sweeping tests of it 
by deep reciprocal tariff cuts. Without such a 
follow-through the trade expansion program 
can prove bitterly disappointing. 

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

PRESIDENT 

MCGRAW-HILL PUBLISHING COMPANY 



NEW PRODUCTS 

DESIGN AND APPLICATION 
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Stabilizing Temperatures Below Ambient 

Circuit components can 
be tested at temperatures 
between O and 25 C 

RECENTLY announced by Energy 
Conversion, Inc., 336 Main St., 
Cambridge 42, Massachusetts, the 
model 1700 uses a thermoelectric 
module powered by 6.3 y, 50 to 400 
cps to maintain a 2.5 cubic inch 
chamber to ±1 C within the range 
between 0 and 25 C. Electrical con-
nections to components within the 
chamber are by 12-lead connector. 
Free convection heat sinks are used 
on the package exterior. Internal 
chamber temperature is controlled 
by precision bimetallic thermostat 
that switches a low-power scr gate 

circuit. Although temperature sta-
bility of ±1 C is used, a number of 
set temperatures are available. 
Minimum set temperature, as shown 
in the accompanying graph, is 
determined by highest expected am-
bient and power dissipation P, of 
component being stabilized. Tem-
perature control up to 50 C below 
the ambient is possible. Typical 
applications include stabilization of 
any temperature-sensitive compo-
nent, but special advantages are ob-
tained with respect to lowered ag-
ing effects and reduced tempera-
ture sensitivity in quartz crystals, 
zener diodes or standard cells when 
low temperature stabilization is to 
be used. 

CIRCLE 301, READER SERVICE CARD 

Detecting Phase Loss or Improper Rotation 

ANNOUNCED by Transonic, 808 
16th St., Bakersfield, California, the 
model TNW-10002 phase loss de-

Lai 

-J 
NETWORK 

3s6 LOAD 

MARL 

28 V DC 

ERROR 
SIGNAL 

tector also indicates improper 
phase rotation. Voltage drop per 
line is 6 y rms at 0.075 ampere per 
line, maximum current is 400 ma 
for less than one minute per line, 
and maximum allowable continuous 
load is 0.17 ampere rms per line. 
Error indicator output is 26 y at 
0.1 ampere. Loss of one phase or 
phase reversal produces less than 
1 I/ output. Power requirement is 
26 to 30 y at 0.1 ampere. The unit 

has no moving parts, requires no 
neutral line, is hermetically sealed 
and has a minimum estimated life 
of 10,000 hours. (302) 

Light Emitting Diode For 
Optical Communications 
MANUFACTURED by Philco Corp., 
Tioga and C Sts., Philadelphia 34, 
Pa., the GAE-402 is a diffused junc-
tion GaAs diode which, when for-
ward biased, emits monochromatic 
light near 9,000 A. Intensity of 
emitted radiation can be varied by 
suitable variation of bias current 
making it possible to obtain mono-
chromatic light modulated at fre-

quencies extending into the micro-
wave region. Modulation power is a 
few tenths of a watt and radiated 
power output is approximately 1 
mw at room temperatures to more 
than 25 mw at 77 K. Efficiency is 5 
percent at room temperature and 
near 100 percent at 77 K. Light is 
through a 60-degree cone of the 
UG-88/U package. (303) 

Subminiature Ceramic 
I-F Transformer 
INTRODUCED by U. S. Sonic Corp., 
63 Rogers St., Cambridge 42, Mas-
sachusetts are a series of subminia-
ture (ef x I inch) ceramic i-f 
transformers having a frequency 
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when your 
miniature metalized 

inductor specs 
demand the 
"impossible".. 

rely on 

and see! 
Compactness...reliability...stability...are a few of the vital 
advantages you get when you specify JFD Miniature Metal ized 
Inductors. Now up to 45% smaller in size and higher in Q, 
they help meet and beat critical packaging and environmental 
demands. 

Spécial JFD processing permanently fuses a pure silver 
film to a low loss dielectric cylinder for a practically inde-
structible assembly that is impervious to moisture, corro-
sion and withstands temperature changes from —55'C to 
+125°C. Because of this unique construction JFD Inductors 
are inherently rugged, entirely moisture resistant and highly 
vibration resistant. 

If you prefer, inductances, windings, size, Q and other 
parameters of JFD Miniature Metalized Inductors can be 
adapted to match your specs. Catalog 1172 gives you full de-

JF 

New Miniature Metalized Inductors. LF3P and LF4W Series 

Ranges: Available in 22 values from 0.05 to 1.0 phy. 
Over 125. 

Lengths: Panel Mounts--up to 11/2 inches. 
Wire Mounts—up to 14/4 inches. 

Frequency of Operation: below 10 mc over 900 mc. 
0.0.: - 0.290 inches. 

ACTUAL SIZE 

tails. Contact your local JFD sales office or your JFD fran-
chised distributor for action. 

FEATURES: 1. Rugged construction affords unusually high 
stability under conditions of severe shock and vibration. 
2. Use of glass dielectric assures low temperature coefficient 
of inductance and operation without derating over extremely 
severe environmental conditions. 
3. Low distributed capacity. 

4. Special alloy plating protects metal parts from corrosion. 
5. A high Q over a broad frequency range. 
6. Silver plated copper leads. 
7. Available in panel mount and printed circuit mount types. 

8. JFD Variable Inductors can also be supplied to order. Write 
for questionnaire or contact the JFD sales office or repre-
sentative nearest you. 

AT WORK IN THE NEW FRONTIERS OF ELECTRONICS 

JFD ELECTRONICS CORPORATION 
Components Division • 6101 16th Avenue, Brooklyn, New York • Phone DEwey 1-1000 • TWX-NY25040 • Cable—JEFDEE NY 

JFD WESTERN JFD NORTHEASTERN JFD MIDWESTERN JFD CANADA 
P. 0. Box 3416, Van Nuys, Calif. Ruth Drive, P. 0. Box 228, Marlboro, Mass. P. 0. Box 588, Skokie, Illinois 51 McCormack Street, Toronto, Ontario, Canada 

Phone: EMpire 4-4131 Phone: HUntley 5-7311 Phone: 675-1140 Phone: ROgers 9-1129 
VARIABLE TRIMMER PISTON CAPACITORS • FIXED METALIZED INDUCTORS • LC TUNERS • DIPLEXERS 

FIXED ANO VARIABLE. DISTRIBUTED AND LUMPED CONSTANT DELAY LINES • PULSE FORMING NETWORKS 
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range from 100 Kc to 1 Mc, band-
width at the 6 db point can be 1- to 
20-percent of center frequency and 
impedance of 50 to 15,000 ohms 
input and output. Typical specifica-
tions for a communications filter 
are: center frequency 455 ± 1 Kc, 
6 db bandwidth of 6 Kc, 60 db band-
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width of 30 Kc, input impedance 
of 10,000 ohms, output impedance 
of 1,000 ohms and power loss of 3 
db. The transformer ratio depends 
on both input and load resistances 
over a wide range and may be con-
nected in a circuit in either direc-
tion regardless of direction of flow 

and can be regarded as a step-down 
transformer in either direction. A 
typical production unit may be used 
with output impedances from 200 
to 5,000 ohms without appreciable 
change in power loss or resonant 
frequency. The illustration shows 
the effect of varying the load on a 
typical transformer. 

CIRCLE 304, READER SERVICE CARD 

Heat Sink Offers 
Gear Design 
ASTRO DYNAMICS, INC., Second Ave., 
Northwest Industrial Park, Bur-
lington, Mass. Model 2201 gear de-
sign heat sink has, by virtue of its 
angled fins, increased the area 
which can be used in natural con-

Taylor works magic 

electronics 
150 



vection. This additional area re-
sults in more efficiency, an increase 
of approximately 10 percent with-
out increasing the overall size of 
the heat sink. Unit is made to fit 
most TO outline cases. (305) 

Static Inverter 
Has No Moving Parts 

RAYTHEON CO., Hooksett Plant, 
Manchester, N. H. Efficiently con-
verting d-c standby power into a-c 
power, the static inverter can pro-
duce any output up to 600 y and 
any power up to 6,000 w. Frequency 
can be provided from 20 to 100 cps. 
Harmonic distortion of the stand-
ard models' sinusoidal waveshape 
is not more than 20 percent. Line 
regulation is within ±1 percent 
and load regulation from no load 
to full load is within ±3 percent. 

Using ser circuitry with transistor-
ized controls, the units have no 
moving parts or aging character-
istics. (306) 

Quartz Oscillator 
Offers High Stability 

HEWLETT-PACKARD co., 1501 Page 
Mill Road, Palo Alto, Calif. Model 
104AR quartz oscillator has a long-
term stability of 5 parts in 101° per 
day. Typical short-term stability, 
based on a 1-sec average and rea-
sonably constant environment is 5 
parts in 10". Unit provides a 5 Mc 
output of extreme spectral purity. 
This makes it particularly useful 
for microwave spectroscopy and 
for obtaining accurate doppler 
measurements. Outputs of 1 Mc 

and 100 Kc are also provided. 
Transistorized, compact and 
rugged, model 104AR is priced at 
$3,250. (307) 

Ceramic Capacitors 
Rated 6 to 40 Kv 
SPRAGUE ELECTRIC co., 35 Marshall 
St., North Adams, Mass. Doorknob 
ceramic capacitors for use in high 
voltage applications ranging from 
6 to 40 Kv are available. They have 
the ceramic slug elements housed 
in a special epoxy casting for mois-
ture and mechanical protection. 
They are equipped with tapped ter-
minals so that the units may be 
easily connected in series for ap-
plications at high voltages or for 
use in series parallel connections. 
A series of six terminal adapters 
is also available to meet mechanical 

with glass-base laminates 
Which grade has the unusual combination of properties you need? 

Almost magical combinations of 
resin formulations and glass rein-
forcements have enabled Taylor 
to develop a number of glass-
base laminates that have out-
standing characteristics for elec-
trical and mechanical applica-
tions. For example, the glass sili-
cone grades offer very high heat 

resistance combined with excellent mechanical and elec-
trical properties plus the highest arc resistance. If you 
require extremely high strength, excellent chemical re-
sistance, low moisture absorption and high strength re-
tention at elevated temperatures select one of the glass 
epoxy grades. These grades are ideally suited for high 
reliability printed circuitry. Other grades have equally 
important characteristics. 

Write to us for complete technical data. 

TAYLOR GLASS-BASE LAMINATES 

Taylor NEMA 
Grade Grade 

Military 
Specification 

n Principal 
Used Characteristics 

GSC G-7 MIL-P-997 
Type GSG 

High heat resistance. Excellent 
Silicone electrical properties, highest arc 

resistance. Will not support 
combustion. 

Fl RE BA N 
1011 

G-I 0 
G-11 
FR-4 
FR-5 

MIL-P-18177 
Types GEE 
and GEB 

Combines all desirable proper-
Epoxy ties of G-10 (GEE) and G-11 

(GEB), plus flame retardance in 
one grade. 

GEC-500 G-10 MIL-P-18177 
Type GEE 

Extremely high flexural, impact 
Epoxy and bond strength. Low mois-

ture absorption. High insulation 
resistance. 

FIREBA 
600 FR-4 

MIL-P-18177 
Type GEE 

Self extinguishing. Excellent 
electrical properties under high 

Epoxy humidity conditions. Extremely 
high flexural, impact and bond 
strength. 

GEC-111 G-I I MIL-P-18177 
Type GEB 

High mechanical strength reten-
Epoxy lion at elevated temperatures. 

Will not support combustion. 

High mechanical strength. Ex-

-77flor corporation  Type GMG trical properties. Will not 
support combustion. 

G-5 G-5 MIL-P-15037 Melamine cellent arc resistance and elec-

ENGINEERED PLASTICS 

Valley Forge 40, Pa. • West Coast Plant: La Verne, Calif. 
(Formerly Taylor Fibre Cu.) 

G-3 G-3 
Good mechanical strength. Good 

None Phenolic heat resistance. 

NOTE: Taylor Glass-Epoxy, Copper-Clad Grades are available 
to meet MIL-P-13949B, Types GE, GB and GF. 
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T-100 A 
PERFORMANCE: AT LOW PRICE *
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T-100 C 
FULLY COMPLEMENTED WITH AUTOMATIC 

AND PREDETERMINED CONTROLS 

T-100 B 
OUTSTANDING COMBINATION OF 

ECONOMY ANIE FLEXIBILITY 

e1e'0**(*élYeéiadefivétvéVéfeiM 

eiMír Ei  BEST 
LIÍJRJ D 

DER 
MleferMlIttlAtelt 

eulal  
******************* DEscRIPTION******************* 
ALL THE MACHINES SHOWN ABOVE UTILIZE QUICK CHANGE INTERCHANGE -

ABLE SHUTTLE HEADS AND ARE WELL KNOWN FOR THEIR MODUS OPERANDI 

IN THE FOLLOWING AREAS: 

*RANGE OF COIL SIZES: 1/32" (.035) I.D. to 5" O.D. 

*RANGE OF WIRE SIZES: #16 through #50 AWG 

*WINDING SPEED: Variable ... 0 to 2000 Turns 'Minute (for 4" shuttle) 

********************* REWARD ********************* 
INCREASED PRODUCTION, LOWER COSTS, UNIFORM PRODUCT QUALITY- WITH 

GREATER FACILITY AND FLEXIBILITY TO MEET CHANGING REQUIREMENT 

By the most exacting standards . . . the new Boesch T-100 series of machines 

deliver value . . . whether the measure be productivity or cost reduction, uni-

formity or quality of product, range of application, price or economic life. And 

there is a model in the T-100 series that can meet virtually any price and per-
formance requirement. Attachments and accessories can be added when neces-

sary to extend the range of capabilities of the simpler models to meet changing 

needs. 

Some of the Available Features of Boesch Winders: 
Two Knob Core Positioning System . . . positions cores during operation • Elec-

tronic Controls for Predetermined Footage and Turns Count • Built-in Decelera-
tion for Winding to Exact Turn • Dynamic Braking • Built-in Shuttle Loader 

• Precision Control for Core Rotation 

BOESCH 

Write for bulletin T-I00 

BOESCH MANUFACTURING DIVISION 
WALTHAM PRECISION INSTRUMENT COMPANY, INC. 

DANBURY, CONNECTICUT / Telephone: Pioneer 3-3886 / Teletype: DANB 468 

requirements for making connec-
tions or mounting in h-v applica-

tions. 
CIRCLE 308, READER SERVICE CARD 

Proximity Tachometer 
Adapted for Industry 
LECTROLOGIC OF FLORIDA, 4165 S. W. 
11th Terrace, Broward County Air-

port, Fort Lauderdale, Fla., an-
nounces a proximity tachometer 
that has outputs covering the 
standard industrial d-c current sig-
nals. It has filtered output. This 
allows the actuating of an electronic 
controller and/or a potentiometer 
recorder. Another feature is its 
heavy cast aluminum all weather 
case with conduit threaded pipe ter-
minations. (309) 

Coax Termination 
Rated 1 W Average 
WEINSCHEL ENGINEERING, 10503 
Metropolitan Ave., Kensington, Md. 
The Blueline model CT-N is a 50 
ohm termination covering the fre-
quency range from d-c to 10 Gc. It 
is rated for 1 w average power and 
1 Kw peak. Price is $25. (310) 

Solid-State Timer 
For Cryogenic Uses 
TEMPO INSTRUMENT, INC., Plain-
view, L. I., N. Y., has introduced 
a solid state, electronic timer for 
cryogenic applications, where tem-
peratures range as much as —196 
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NEW 

TEFLON 

MICRO-LOGIC 

ELEMENT 

SOCKETS 

MADE OF TEFLON* TFE, these tiny sockets 
are designed to be used with the new Fairchild 
micro-logic elements (molectronic-type semi-

conductor networks employed in computer and 
other critical circuits). Designed in collabora-
tion with Fairchild engineers, the Garlock sock-
ets are the only micro-logic element sockets on 
the market. Through the use of Teflon insulat-

ing material and silver-plated, gold-flashed 

Actual size shown 

Beryllium copper contacts, these sockets exhibit 
unusually low dielectric loss and outstanding 
pin retention. For immediate availability, New 

Garlock Micro-logic Element Sockets are 
stocked in your locale. Contact the Garlock Elec-

tronic Products distributor or representative 
nearest you for full information. Or, write 
GARLOCK ELECTRONIC PRODUCTS, GARLOCK INC., 
Camden 1, New Jersey. *DuPont Trademark 

ELECTRONIC PRODUCTS 

75TH 

Anniversary 
Year 

November 30, 1962 
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THE MOST-USED ELECTROLYTIC RECORDING PAPERS 

ÑeHivA, 
2 - QuA 

Reproduribilito 
• 

HIGH SPEED MARKING 

? si4eAfe/i'mdee 9 • 

DenExsteeneslaivcek hiGraayrkSicnagle 

‘...? nigh Contrast 

No "QUESTION" about it...when you specify 

HOGAN FAXPAPER® 
Whatever the application, HOGAN FAXPAPERS have the 
characteristics you are looking for in electrolytic recording: 
high contrast, sharp definition, high-speed marking, dense 
black marking, extensive gray scale, archival quality, repro-
ducibility by office duplicators. HOGAN FAXPAPER is 
used for event and data recording, operations monitoring, 
press service news pictures and weather-map recording, 
spectrum analysis, ceilometering, data retrieval readout, 
plotting and printer plotting, facsimile recording. HOGAN 
FAXIMILE also makes equipment for such uses. 

Write for Facts on Faxpaper to... Dept. E-6 

12) Faxpaper is a registered trademark of Hogan Faximile Corp. 

HOGAN FAXimile Corporation • 635 Greenwich St., New York 14, N. Y. 
A SUBSIDIARY OF TELAUTOGRAPH CORPORATION 
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FREDDY 

CRYSTAL? 
MY 

MOTHER 
HAS THE 
MOST 

GORGEOUS 
CRYSTAL 
YOU 
EVER 
SAW ! 

by 

YOU DOPE... A SPACE SI-41  C. P) 
RYSTAL IS DI FFER'NT! 

— 
• (( 

e 
YEAH! 

IT'S MADE 
OUTA 

SUMP IN' 
IFFER'NT 
STUFFS! 

Yeah! Anybody knows that! Although it may not be as pretty as the one Charlene's 
mother has, a REEVES-HOFFMAN QUARTZ CRYSTAL hasa lot more utility. Stand. 
ard crystals are available from 1 kc to 100 mc for all commercial and military 
applications. Precision crystals are available in a frequency range of 1 kc 10'5 mc. 
Write for complete information on some of the most gorgeous crystal designs you've 

ever seen! Ask for bulletin QCI. 

1//  REEVES-. 
' el H. 1---ic)FFiviicom 
CARLISLE, PENNSYLVANIA 

DIVISION OF DYNAMICS CORPORATION OF AMERICA 

PRODUCERS OF PRECISION 
FREQUENCY CONTROL DEVICES 

crystals • crystal-controlled 
frequency sources, standards, 
filters • component ovens. 

to +55 C. Unit is designed for use 

in such applications as rocket fuel 

systems, where components must 

function at or near the tempera-

ture of liquid oxygen, or in severe 

environments encountered by satel-
lites or space probes. It provides 

time intervals from 0.05 to 1 sec, is 
adjustable by means of an external 

timing resistor, and operates from 

20 to 31 y d-c. It incorporates a 

static output switch capable of de-
livering up to 500 ma to an external 

load. 
CIRCLE 311, READER SERVICE CARD 

Power Supply 
Has 0-100 Kv D-C Output 
SPELLMAN HIGH VOLTAGE CO., INC., 

1931 Adee Ave., Bronx 69, N.Y. 
Power supply features all solid state 

circuitry and complete encapsula-

tion. Output is continuously vari-
able from 0-100 Kv d-c at 25 /La. 

It is suited for electrostatic paint 
spraying, precipitating, de-tear-

ing, powder separation, and as a 
system component. (312) 

Logic Transistor 
Used in H-V Switching 
TEXAS INSTRUMENTS INC., 13500 

North Central Expressway, Dallas, 

Texas. The 2N2635 is a high-volt-

age germanium mesa epitaxial logic 
transistor. Specifications Include: 

of 12 v; BV,no of 30 ; 
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(total switching time) as low as 
240 nsec in a typical circuit; plus 
the extremely rugged mesa con-
struction capable of withstanding 
forces in excess of 35,000 g in the 
critical Yi plane. (313) 

Tiny Delay Line 
Suited for P-C Use 
PARADYNAMICS, INC., 10 Stepar 
Place, Huntington Station, N. Y. 
Variable delay line measures only 
3; in. long, H in. high and 4 in. 
wide. Model V835, particularly 
suitable for mounting in printed 
circuits, features a continuously 
variable delay time of 1 to 80 nsec 
with a resolution of less than -±0.5 
nsec, and a 3 db bandwidth of 30 
Mc minimum. It has an impedance 
of 100 ohms and an operating tem-
perature range of —55 C to +125 
C. (314) 

Scope Control 
Has Improved Circuits 
ACME ELECTRIC CORP., Cuba, N. Y. 
Completely redesigned Scope-O-Trol 
is particularly useful in con-
nection with oscilloscope observa-
tions, in that it provides an oppos-
ing potential which cancels out the 
d-c increment of a circuit being 
checked so that both d-c and a-c 
steady state and transient volt-
age changes can be observed on the 
scope in their true form. Unit op-
erates from a 115 y 60 cps circuit 
and provides an output from 0 to 50 

d-c. Input regulation -±0.005 per-
cent for -±15 percent line change. 
Output voltage adjustable and sta-

LAPP HEAVY-DUTY 
ANTENNA INSULATORS 

a in all these  standard' sizes to save 

you time and money 

s No. 9171, without ring or shield, for most high-strength applications. Stand-

No. 9173, with corona ring and rain shield, preferred for vertical to distribute voltage to reduce heating of porcelain. Standard "P" dimen-sions: 20, 24, 30 inches. 

installa-
tions. Standard "P" dimensions: 24 and 30 inches. 

Stand-
ard "P" dimensions: 12, 16, 20, 24, 30 inches. 

No. 9172, with two grading rings to raise voltage at which corona starts, and 

  9 000 and 10 500 LBS 

6,000 and 7,000 LBS. 

and 5,000 LBS. 

• - 

No. .13812 in porcelain (rated at 9,000 lb. 
average ultimate strength) or No. 43813 in 
steatite (10,500 lbs.), in standard "P" di-
mensions of 12, 14, 16, 20 inches. 

No. 43810 in porcelain (rated at 6,000 lb. 
average ultimate strength) or No. 43811 

in steatite (7,000 lbs.), in standard "P" 
dimensions of 10, 12, 14, 16 inches. 

No. 43808 in porcelain (rated at 4,000 11) 

average ultimate strength) or No. 43809 
in steatite (5,000 lbs.), in standard "P'' 
dimensions of 8, 10, 12, 14 inches. 

FLASHOVER AND RADIO RATINGS 

WET FLASHOVER 
60 KV eff. 

"p" 
Inches 

All 
except 

No. 9172 
No. 9173 

No. 
9172 

No. 
9173 

8 

10 

12 

14 

16 

20 

24 

30 

45 

54 

62 

70 

77 

88 

96 

108 

88 

96 

108 

60 

108 

RADIO RATING 
KV eff. 

All 
except No. No. 

No. 9172 9172 9173 
No. 9173 

21 

22 

23 

24 

24 

25 

27 

28 

34 

37 34 

40 38 

Steatite Insulators will have the saine Flashover but twice the Radio Rating. 

Lapp WRITE for Bulletin 301-R. 
Lapp Insulator Co., Inc., 
198 Sumner Street, LeRoy, N. Y. 
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BF SERIES 
BATTERY HOLDER 

Literally, BF Series Battery Holders are 
powerhouses ... designed for use as highly 
stable, panel mounted cell sources of power. 
They will accommodate batteries and cells 
up to 1 Ye" diameter and lengths from 119,64' 
to 73/16, enabling use of different battery 
combinations to obtain wide selection of 
voltages. Batteries are exchanged simply 
by unscrewing holder cap. Designed for 
mounting up to a 1 5/8" diameter hole and 
3/8" panel thickness. 
Inquiries for special battery holder lengths 
are invited. Complete data available on 
request. 

300 SERIES: • Designed to accommo-

date batteries up to Plo " diameter and 

lengths 1.300 to 5.850. 

• 
400 SERIES: • Accommodates batteries 
1" to 1143" diameter and lengths from 

111,6" to 6?(6". 
• 

500 SERIESi•Accommodates batteries 
ranging from 1 1'6" to 1 3/6 " diameter and 
lengths from 231'6" to 73i6" 

1.111111.1 BBBBB 
1,1•1 NV V 17 rr, 

siLlAil BLit, ti 1611111.1J 
gIdagl gale Ig 

11 Manilla ZI 1g 
SI II  I 1 

II • g1 
I s MR SECURITY 

DEVICES 
LABORATORY 
ELECTRONICS DIVISION OF 

SARGENT & GREENLEAF, INC. 

ROCHESTER 21, N. Y. 

bilized ±-0.015 percent at any se-
lected voltage. Ripple 0.002 percent 
peak to peak. 

CIRCLE 315, READER SERVICE CARD 
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Rigid Line Cable 
Provides Low Loss 
PHELPS DODGE ELECTRONIC PRODUCTS 

CORP., 60 Dodge Ave., North Haven, 
Conn., announces rigid line coaxial 
cable designed for broadcast and tv 
transmission installations. It pro-
vides extremely low loss and high 
power capability. Available with 
either aluminum or copper sheath-
ing, it incorporates a copper inner 
conductor, supported by Teflon 
plugs. Rigid line is available in 
50 and 75 ohm ratings and in the 
following diameters: in., 1# in., 
3À in. and 6à in. These sizes are 
shipped in standard mill lengths of 
20 ft. (316) 

Accelerometers 
Are Gas Damped 
GENISCO, INC., 2233 Federal Ave., 
Los Angeles 64, Calif., announces 
a series of gas-damped accelerom-
eters for a wide variety of applica-
tions. Featuring high a-c or d-e 
output, infinite resolution, 1 per-
cent accuracy and withstanding 100 
g shock, the series 2397 accelerom-
eters meet the most rigid environ-
mental requirements, provide ex-
ceptional performance from —100 
to +125 F. (317) 

Computer Trainer 
DIGITAL ELECTRONICS, INC., 2200 
Shames Drive, Westbury, L.I., N.Y. 
The DIGIAC 3010 desk top digital 
training computer, designed for use 

NJ C) 

n 

c \re:, It rri e-te 

• 10 cps to 100 megacycles ± 3 db 

• 20 cps to 50 megacycles ± 2% 

• 70 microvolts to 300 volts 

• 12 full reading ranges 

• peak responding, cal. in rms 

• 1 megohm input impedance 

• 200 mv ac amplifier output 

• 6 nsec amplifier response 

• price: $775 

Send for four-page Engineering 

Note on Model 120 Wideband 
Voltmeter—Amplifier 

latest catalog available 
upon request 

1-‹ I '1' ii i i2 
j S rj IR. U . 1\/1 E IV '1" S 

12415 Euclid Avenue • Cleveland 6, Ohio 
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as a teaching aid for various 
scholastic and technical levels as 
well as an error proving device for 
OEM logic R&D, has also found di-
rect applications for on-the-line 
usage in automatic processing in-
dustries. (318) 

Motorized Controls 
Have Low Noise Level 
THE LIONEL CORP., Hoffman Place, 
Hillside, N. J., has developed the 
4425 a-c hysteresis motor, the 4429 
a-c hysteresis motor and gear train 
and 4428 a-c motorized potentiome-
ter controls to meet the require-
ments of the electronics industry for 
motorized controls, with low level of 
mechanical and electrical noise. 
Presently in production and used in 
the tv industry, they have applica-
tion in the industrial control and in-
strumentation fields. (319) 

Scaler Eases 
Data Handling 

TRACERLAB, 1601 Trapelo Road, 
Waltham 54, Mass., announces a 
scaler designed to more fully auto-
mate multiple sample analysis. 
Counting results are presented in 
the form of a net count ratio for 
each sample as compared to a 
standard reference. The Ratio/ 

electronics IS EDITED 

TO KEEP YOU FULLY INFORMED 

—a "well-rounded" engineer 

What's your present job in electronics? Do 

you work on computers? (electronics ran 158 

articles on computers between July, 1961 and 

June, 1962!) Are you in semiconductors? (For 

the same period, electronics had 99 articles, 

not including transistors, solid-state physics, 

diodes, crystals, etc.) Are you in military elec-

tronics? (electronics liad 179 articles, not in-

cluding those on aircraft, missiles, radar, etc.) 

In all, electronics' 28-man editorial staff pro-

vided more than 3,000 editorial pages to keep 

you abreast of all the technical developments in 

the industry. No matter where you work today 

or in which job function(s), electronics will 

keep you fully informed. Subscribe today via 

the Reader Service Card in this issue. Only 71/2 

cents a copy at the 3 year rate. 
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Own a CEC 5-119 
Recording Oscillograph? 

Add Datarite 
for ans-Lant records 

CEC's 5-036 Datarite Magazine provides the shortest con-

tinuous record access time of any known oscillographic 

process. Oscillograms are automatically developed and dried 

within the magazine as quickly as data is recorded. Records 

are characteristically of high trace contrast and perma-

nency. Recording speeds are from 0.1 to 25 ips. And capac-

ity is 400 feet of commercially available (see opposite page) 

photographic papers. Full facts? Call your CEC office or 

write for Bulletin 5119-X11. 

CEC 
Data Recorders Division 

CONSOLIDATE D ELECTRODYNAMICS 
PASADENA, CALIFORNIA • A SUBSIDIARY OF BELL & HOWELL 

Matic scaler offers provision for 
setting any time integer from 0.01 
minute to 999.99 minutes as the 
counting time, and automatic sub-
traction from the total count regis-
tration of any fixed number of 
counts. 

CIRCLE 320, READER SERVICE CARD 

Transponder Beacon 
Spans 5.4 to 5.6 Ge 

TELERAD DIV. of The Lionel Corp., 
Route 69, Flemington, N. J., an-
nounces a C-Band transponder 
beacon that measures only 67s in. 
in length. The triggering sensitiv-
ity of the receiver is —45 dbm min 
for a 0.50 esec pulse. Frequency 
range of the model 745C-20 is 5,400 
to 5,600 Mc. (321) 

Toggle Switches 
Are Lever Sealed 

CUTLER-HAMMER INC., 315 N. 12th 
St., Milwaukee 1, Wisc., has added 
lever sealed, full throw momentary 
contact toggle switches to its line 
of two pole aircraft devices. In-
cluded among design features are: 
hot tin dipped screw terminals, cor-
rosion resistant metal parts, and a 
silicone rubber lever seal. (322) 

Terminal Block 
Rated at 600 V 

K&B ELECTRICAL PRODUCTS co., 2504 
N. California Ave., Chicago 47, Ill. 
Model C-1552 low cost terminal 
block is rated at 600 v, 25 max 
working amperes and can withstand 
ambient temperatures from —65 F 
to +SOO F. Use of specially molded 
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plastic as the material permits ter-
minal block to flex and fit tightly 
on curved surfaces or bend in arc 
for cable hook-ups. The compact 
C-1552 will not break or chip, ac-
cepts up to No. 12 Awg solid wire 
and has chamfered hole which 
guides wire into place. (323) 

Parabolic Antenna 
Covers 5.9 to 8.2 Ge 

ANDREW CORP., P. 0. Box 807, Chi-
cago 42, Ill. A guaranteed 65 db 
front to back ratio in both E and 
H planes from 90 deg through 270 
deg is available in the new 10-ft 
microwave antenna. Covering the 
band from 5,900 to 8,200 Mc, the 
vswr of this antenna does not ex-
ceed 1.03 over any 600 Mc band. 
(324) 

D-C Amplifiers 
Packaged as 6 Plug-Ins 

EMBREE ELECTRONICS CORP., 10 No. 
Main St., West Hartford 7, Conn., 
has introduced an operational six-
pack for analog simulation applica-
tions. Model 1501/06P/3.5 holds 
up to six metal case plug-in model 
1501 Nuvamp stabilized operational 
d-c amplifiers. Input and output 
jacks on the front panel permit con-
necting operational amplifiers as 
summers, integrators, or for other 
special purposes. Input require-
ment is ±-300 y d-c and 6.3 y a-c. 
Output capability is 3 ma to ±150 

d-c, 15 ma to ±-100 y d-c, with a 

Own a CEC Datarite? 

Use these Recording Papers 
for perfect records 

CEC Datarite Recording Papers are expressly designed 

for use in CEC's Datarite Magazine. Type 22 Recording 

Paper produces excellent oscillograms at low writing 

speeds. Type 33 is suitable for all applications from the 

highest writing speeds down to the medium low range, 

due to its wide latitude of exposure. Both papers yield re-

cords of high trace contrast with light background and are 

practically stain resistant. Full facts? Call your CEC office 

or write for Bulletin CEC 1639-X39. 

CEC 
Technical Supplies Department 

CONSOLIDATED ELECTRODYNAMICS 
PASADENA, CALIFORNIA • A SUBSIDIARY OF BELL & HOWELL 
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(Formerly the DTS 400) 
Now, in full production, this amazing new sili-
con power transistor is available in quantity 
under its new number 2N2580. • Because of 
its high voltage and high temperature capa-
bilities, the 2N2580 makes possible dramatic 
weight and space saving advantages to de-
signers of missile, aircraft and commercially 
used equipment. Operation of 400 cps equip-
ment from transformerless power supplies 
connected directly to 115v., 60 cps mains is just 
one practical application. Other applications in-
clude: frequency conversion and regulation, 
auto ignition systems, voltage regulators, elec-
tronic ripple filters, control circuitry and VLF 
amplifiers. • Contact us or your local distrib-
utor for prices and more data. 

Collector diode voltage VcBo 400 Volts 
Emitter diode voltage VEBo 5 Volts 
Emitter current (continuous) 5 Amps. 

Base current (continuous) 1 Amp. 
Maximum junction temperature  150°C 
Minimum junction temperature —65°C 

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS 

ICB0 VcB0g100V , T=125°C — — 10 ma 

ICEO VCE0111)0V — 

— 

— 10 ma 

ICEX VCE=1100V , VEB=1.5V 
TEmP.=125°C. 

_ 5 ma 

Rsat IC=5 amp, IB=1 amp — 0.15 0.25 ohm 

hFE VCE=5V, ICE=5A 10 — 50 

THERMAL 
RESISTANCE — — 0.5 0.7 °C watt 

Electrical characteristics @ Tc —25°C unless otherwise noted. 
NPN silicon transistor furnished in TO-36 package. 

Union, New Jersey Detroit, Michigan Santa Monica, California 
324 Chestnut Street 57 Harper Avenue 726 Santa Monica Blvd. 
MUrdock 7-3770 TRinity 3-6560 UPton 0-8807 
AREA CODE 201 AREA CODE 313 AREA CODE 213 

General Sales Office: 700 E. Firmin, Kokomo, Indiana, Gladstone 2-8211—Ext. 500 • AREA CODE 317 

Syracuse, New York 
1054 James Street 
GRanite 2-2668 
AREA CODE 315 

Chicago, Illinois 
5151 N. Harlem Ave. 
775-5411 
AREA CODE 312 

DELCO 
RADIO 

Division of General Motors 
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DELCO RADIO 
SEMICONDUCTORS 

AVAILABLE AT THESE 
DISTRIBUTORS 

EAST 
Binghamton, N. Y.—Federal Electronics 

P. 0. Box 208, PI 8-8211 

Philadelphia 8, Penn.—Almo Radio Company 
913 Arch Street WA 2-5918 

Pittsburgh 8, Penn.—Radio Parts Company, Inc. 
6401 Penn Avenue/EM 1-4600 

Newton 58, Mass.—Greene-Shaw Distributing Co. 
341 Watertown Street, WO 9-8900 

New York le, N. Y.—Harvey Radio Company, Inc. 
103 West 43rd Street/el 2-1500 

Syracuse 11, N. Y. —Harvey Electronics-Syracuse, Inc. 
Pickard Drive, P. 0. Box 185/GL 4-9282 

Baltimore, Md.—Radio Electric Service Company 
5 North Howard Street/EL 9-3835 

SOUTH 
Birmingham 5, Ala—Forbes Distributing Company, Inc. 

2610 Third Avenue, South ,AL 1-4101 

West Palm Beach, Fla.—Goddard, Inc. 
1309 North Dixie TE 3-5701 

Richmond 20, Va—Meridian Electronics, Inc. 
1001 West Broad Street, EL 5-2834 

MIDWEST 
Detroit 3, Mich.—Glendale Electronic Supply Company 

12530 Hamilton Avenue/TU 3-1500 

Minneapolis 16, Minn.—Admiral Distributors, Inc. 
5305 Cedar Lake Road, St. Louis Park,,LI 5-8811 

Indianapolis 25, Ind.—Graham Electronics Supply, Inc. 
122 South Senate Avenue/ME 4-8486 

Cleveland 14, Ohio—Main Line Electronics Division 
1260 East 38th Street/EX 1-4944 

Chicago 30, III.—Merquip Electronics, Inc. 
4939 North Elston Avenue/AV 2-5400 

Cincinnati 10, Ohio—United Radio, Inc. 
1308 Vine Street/MA 1-6530 

Kansas City 11, Mo.—Walters Radio Supply, Inc. 
3635 Main Street, VA 1-8058 

WEST 
Dallas 1, Texas—Adleta Company 

1914 Cedar Springs/RI 1-3151 

Phoenix 20, Ariz.—Astronics, Inc. 
9130 North Central Avenue/944-1551 

Houston 2, Texas—Harrison Equipment Company, Inc. 
1422 San Jacinto Street 'CA 4-9131 

Monrovia, Cal.—Lynch Electronics, Inc. 
1818 South Myrtle Avenue/EL 9-8261 

San Diego 1, Cal.—Radio Parts Company 
2060 India Street, Box 2710/BE 2-8951 

Lou Angeles 15, Cal.—Radio Products Sales, Inc. 
1501 South Hill Street/RI 8-1271 

San Jose 13, Cal.—Schad Electronic Supply, Inc. 
499 South Market Street/CV 7-5858 

D , Colo.—L. B. Walker Radio Company 
300 Bryant Street/WE 5-2401 

Tacoma 2, Wash.—C & G Electronics Company 
2502 Jefferson Avenue/BR 2-3181 

Ask for a complete catalog 

R ADIODELCO 
LITY 

bandwidth over 700 Kc. Amplifier 
drift is under 100 p.v per 24 hr. 

CIRCLE 325, READER SERVICE CARD 

Magnetic Modulator 
Has Two Isolated Inputs 

TRANSMAGNETICS INC., 40-66 Law-
rence St., Flushing 54, N. Y. Model 
245 magnetic modulator features 1 
percent linearity d-e to a-c con-
version, 5 percent distortion, ±-5 
deg phase shift and 1 percent drift 
over —55 to +85 C operation. Ap-
plications are in algebraic addition 
of d-c and 400 cps a-c inputs, the 
latter typically from a synchro, 
resolver, tachometer or induction 
potentiometer. Other characteris-
tics include: 3'2 y 400 cps output, 
null 30 mv max. (326) 

Tapped Delay Lines 
Require Less Circuitry 

MICROSONICS, INC., 60 Winter St., 
Weymouth 88, Mass., has added 
new versatility to ultrasonic quartz 
delay lines through the develop-
ment of processes which can add 
multiple inputs and outputs to these 
units without increasing attenua-

tion or decreasing bandwidth. These 
devices may be operated up to 70 
Mc for max bandwidth. No longer 
is the design engineer forced to 
compromise his system require-

ments or use many delay lines to 

COMPUTER 
RESEARCH 
ENGINEERS (çz, 
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 bread 
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 in 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-
trons 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: 

TRoien 1-4080. ext. 3741. 

Or, airmail resume to : HUGHES-
FULLERTON R if D, P. O. Box 2097, 
Fullerton 1, California. 

An equal opportunity employer. 

HUGHES 

olvG,NLS COMP•My 
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GREEN 
PRINTED CIRCUIT 
DRILL for versatility 

1, at 
LOW COST 

NEW•••spindle feed control 
provides infinite range of con-
trolled feed rates. 

For prototype panels or high production 
work, drill quickly and easily without 
specialized labor or expensive tooling. 
The Green D2 Pantograph Engraver 
with D2-201 Pneumatic Attachment 
provides manufacturers with a Printed 
Circuit Drill having unlimited applica-
tion flexibility. Check these features: 

• Spindle speeds to 
26,000 R. P. M. 

• Drill speeds and feeds 
independently adjustable 

• May be used for 
profiling and engraving 

• Boards can be stacked 
4 deep for fast production 

holes/min.• a air o r compressed 
on "In Plant" 

tank air (very small 
volume required) 

Whatever your requirements, the Model 
D2-201 is the answer—complete and 
ready to operate. Write or call today 
for full details. 

drills 
up to 
loo 

GREEN INSTRUMENT 
COMPANY, INC. 

Dept. 63 • 295 Vassar Street 

Cambridge, Mass. • ELiot 4-2989 
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obtain a variety of delay times. This 
ability enables the company to pro-
vide taps which are any submulti-
ple of the total delay time up to 
1600 µsee. 
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Plug-In Housings 
Have Molded Bases 

CATON INDUSTRIES, 646 W. First 
Ave., Roselle, N. J., offers a line of 
plug-in housings with fully molded 
octal, 9, 11 and 20 pin bases. Hous-
ings are available in a variety of 
colors and materials including 
Nylon, Lexan and Polystyrene. The 
enclosures are suited for relays, 
amplifiers, filters, logic packages or 
any assembly requiring dust and 
dirt protection. (328) 

Crucibles 

MATERIALS ASSOCIATES, Box 126, 
Butler, Wisc., announces avail-
ability of molybdenum disilicide, 
titanium diboride, boron nitride, 
silicon nitride and other rare ma-
terials for electronic crystal grow-
ing. ((329) 

Capacitor Analyzer 
Tests 1 to 500-V Units 

CORNELL - DUBILIER ELECTRONICS 

DIVISION, 118 E. Jones St., Fuquay 
Springs, N. C. Capacitor analyzer 
tests units with voltage ratings of 
1 to 500 v. Model BF-71 measures 
capacitors with values ranging 
from 104 to 2,000 ef. Its resist-

CARD 

ultra-high 
precision 

POLVCON 

11/44 

NI VC ON 

111111e 

capacitors 
Southern Electronics high-precision 
capacitors are demonstrating their proven 
reliability today in twelve different 
missiles, analog computers, and many radar 
and communications applications. 
SEC high-precision capacitors utilize 
polystyrene, providing .01% tolerances, and 
mylar and teflon to meet .5% 
requirements. They show excellent stability 
characteristics over an extended 
temperature range, and tolerances are 
unaffected even at extreme high altitudes. 
The unusual accuracy, stability and 
reliability of SEC capacitors are the result of 
engineering experience concentrated 
on the design and manufacture of precision 
capacitors only, plus rigid quality control 
standards subjecting each capacitor 
to seven inspections during manufacture, 
plus final inspection. 
Our engineering experience enables us to 
meet your size requirements, while 
holding to exact capacitance and tolerance 
specifications. 
SEC capacitors are manufactured in a 
wide range of capacitance to meet your 
needs from 100 mmfd. to any higher value, 
and meet or exceed the most rigid MIL-SPECS. 

POLVCON 

Write today for detailed 
technical data and general 
catalog. 

1/44   
M VC ON 

.441 

SOUTHERN 

ELECTRONICS 

eywiatian 
150 WEST CYPRESS AVENUE 

BURBANK, CALIFORNIA 

au as on  
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ance measurement range is 2.5 
ohms to 25 megohms, and its cur-
rent measurement range is 2 µa to 

100 ma. Measurements are within 
3 percent accuracy. Analyzer can 
also measure power factors up to 
50 percent. (330) 

Delay Lines 
Have 20:1 S/N Ratios 

ANDERSEN LABORATORIES, INC., 501 
New Park Ave., West Hartford 10, 
Conn., announces a 250 µsec, 2 Mc 
magnetostrictive delay line that is 
capable of storing 500 bits of in-
formation in a return to zero mode 
of operation or 1,000 bits in a non-
return to zero mode. With a 10-v 
drive pulse this line has an output 
voltage of 12 mv into 2,000 ohms 
termination. Signal to noise ratios 
of better than 20 to 1. Tempera-
ture coefficients of ppm per deg 
C. (331) 

Airborne System 
Measures Vibration 

GULTON INDUSTRIES, INC., 212 Dur-
ham Ave., Metuchen, N. J., has de-
veloped a miniature airborne sys-
tem for general purpose measure-
ment of vibration and low g shocks. 
It weighs less than 5 oz. Operating 
in temperatures ranging from —40 
F to +185 F over the frequency 
range of 15 cps to 5 Ke, model KA-
1079 system has a quiescent noise 
level of less than 50 mv peak to 
peak max. Frequency response is 

I am the seeker incessant, 

Endless avenues I roam, ravelling 

Slender threads toward logical conclusions, 

Splintering the thrum of inaudibility 

To halt the hereafter with heartbeats, 

Combing the static deep for denizens 

Of stingered steel and polarized petards, 

Slicing through quake and classic crust 

To wrench the secrets of antiquity 

From the very bowels of earth, so man, 

Perhaps, can stir a step nearer heaven. 

To sing the song of truth and amplify 

Its message. My mission this, my task eternal— 

I am sound. 

TO HALT 
THE HEREAFTER 

WITH HEARTBEATS 

The very low frequency phenom-
ena of heartbeats, like those of 
underwater sounds, speech, struc-
tural or geological shock and vibra-
tions,, no longer defy real time, high 
resolution analysis. Focussing broad 
scientific background and intensive 
research talents on the problem, 
General Applied Science Labora-
tories, Inc. has developed the SA-12 
Spectrum Analyzer — capable of 1 
second analysis time for 500 line 
resolution in frequency ranges from 
0-250,000 cps. 
A major component of GASL's 

MASSDAR (Modular Analysis, 
Speedup, Sampling and DAta Re-
duction) System, the SA-12 is com-
patible with GASL Probability Dis-
tribution Analyzer ND-501 and 
Spectral Density Analyzer DI-11. 

Other outstanding characteristics include: 

• Six scales (Frequency ranges in cps): 
0-5 0-250 0-5000 
0-62.5 0-1000 0-250,000 

• Analysis of both real and recorded inputs 

• Analysis of periodic, random and transient data 

• Simultaneous digital and analog output 

SEND FOR ILLUSTRATED BROCHURE OR 

CALL TO MAKE ARRANGEMENTS FOR A DEMONSTRATION 

Pathways to Progress from the Ageless Truths of Technology 

.w GENERAL APPLIED SCIENCE LABORATORIES, INC. 
Merrick and Stewart Avenues, Westbury, New York 

1516) EDgewood 3-6960 
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Tin oxide film resistors afford 
guaranteed maintenance of toler-
ance for a given working life under 
all expected operating conditions, 
because of the power handling 
properties of tin oxide, its reliability 
and stability. This "total excursion" 
stability is particularly advanta-
geous in computers and electronic 
equipment which use many com-
ponents and are required for con-
tinuous use in situations inacces-
sible to maintenance and where 
operational failure is costly. 

Experimental model of computer "brain cell" 
—a 6-cryotron circuit of tin and lead vaporized 
and deposited as thin films on glass. 

Superconductivity results 
when tin and lead are exposed to 
very low temperatures. They lose 
all resistance to the electric current, 
allowing it to flow indefinitely 
without loss of power. 

Cryogenics and the applica-
tion of superconductivity, accord-
ing to physicists, may lead to a new 
era in electrical technology. Tin 
and lead, still vital in electrical 
solders today, are important metals 
in cryogenic superconductivity. 

"Cold soldering" wires to 
heat-sensitive electronic devices 
such as transistors is possible with 
gallium alloys which are soft at 
room temperature and harden in 
two hours. Adding 24% tin to an 
alloy of 44% copper and 32% 
gallium delays hardening time as 
long as 24 hours, permitting fabrica-
tion. This particular "cold solder" 
alloy will resist heat up to 650°C. 

Free Bulletin 
Write today for a 
free subscription 
to TIN NEWS—a 
monthly bulletin 
on tin supply, 
prices and new 
uses. 

The Malayan Tin Bureau 
Dept T-25L, 2000 K Street, NW., Washington 6. D.C. 

±-10 percent from 15 cps to 5 Kc, 
relative to 100 cps. Linearity is +3 
percent of best straight line. 
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Time Delay Module 
For P-C Mounting 

ELECTRONIC PRODUCTS CORP., 2315 
Cecil Ave., Baltimore 18, Md. Model 
500 (Mil-Spec) offers a wide 

variety of parameters with adjust-
able time delay ranges from 10 mil-
lisec to 225 sec. Features 0.400 
grid-space terminals and slim con-
figuration for mounting on p-c 
cards with 0.700 max height. 
Offers either a positive or nega-
tive solid state output, or relay con-
tacts. Price is $55 each (in 100 

quantities). (333) 

Frequency Standard 
Is Stud Mounted 

MONITOR PRODUCTS CO., INC., 815 
Fremont Ave., S. Pasadena, Calif., 
announces its 60 cps frequency 
standard. Short term stabilities are 
available up to -±-5 parts in 10 de-
pending on temperature controller. 
Oscillator input is + and —12 
d-c. Oven input is 115 y a-c or 28 

d-c. Unit measures 21 in. by 3 
in. by 2 in., is stud mounted and 
has a connector for input and out-
put. Prototype price is $500 to 

$650 depending on stability re-
quired. (334) 

Conductivity Bridge 
INDUSTRIAL INSTRUMENTS INC., 89 
Commerce Road, Cedar Grove, N. J. 
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Uniform Co. 

'co 
DESK AND DOOR PLATE ENGRAVER 

FOR 

Engraving most 
sizes of Desk and 
Door Plates in a 
single set-up. 

FEATURES 
I. Six pantograph ratios—from 1.5:1 to 4:1. 
2. Spindle has integral micrometer depth control of 

.250". 
3. Uses standard tapered-shank engraving cutters. 
4. New 19" Copy carriers hold 17" of master coPy: 

Permits engrming about II" line of characters on 
one set-up at the 1.5:1 ratio. 

5. Three sizes of copy carriers available. Each Posi-
tioned separately. 

6. Work-holding fence speeds set-up and enraving 
time. 

Send for illustrated Catalog 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge H. Mass. 
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71/iPeeeil-d• SUPER IV 
CLEAN ROOM UNIFORMS 
"Packaging People to 

Protect Products" 
Angelica's engineer. 
designed uniforms 
meet Air Force rec-
ommendations... 
prevent Clean 
Room contamina-
tion and insure 
product reliability. 

Static-free, non-
linting, acid resist-
ant. Coveralls, 
smocks, head cov-
ers, gloves, boots, 
wiping cloths. 

Contact your near-
est Angelica office 
for help in deter-
mining your gar-
ment needs., . or 
write for FREE 
CATALOG. 

1427 Olive St., St. Louis 3, Mo. 
107 W. 48th SI.. New York 36. f4. Y. 
445 N. LaSalle St. Chicago 10. III. 
1900 W. Pico Blvd . Los Angeles 6, Calif. 
317 Hayden St., N. W., Atlanta 13, Ca. 
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Model RC-18 conductivity bridge, a 
laboratory instrument that meas-
ures electrolytic conductivity and 
resistivity in µmhos and ohms to 
2=0.1 percent accuracy, provides in-
ternal generator frequencies of 
1,000 and 3,000 cps. (335) 

Chart Recorder 
Has Lightweight Design 

BAUSCH & LOMB INC., Rochester 2, 
N. Y. The VOM-5 strip chart re-
corder can record multiple inputs 
directly: for example, resistance, 
milliamperes, or d-c volts, without 
use of external converters. Built 
into the design of the basic unit is 
an event marker pen (used to-
gether with the recording pen) 
that permits the technician to mark 
important passages. This device 
can be used both manually, in keep-
ing a time-factor record, or in con-
junction with related equipment to 
chart such data as opening and 
closing of relays, pilot light action, 
and other functions. (336) 

Low Noise 
Traveling-Wave Tube 

WARNECKE ELECTRON TUBES, INC., 

175 West Oakton St., Des Planes, 
Ill., offers a rugged compact, light-
weight, permanent magnet focus-
ing traveling wave tube with less 
than 6.5 db noise figure, more than 
27 db gain, collector voltage of 300 
and helix voltage of 260 v. Fre-

quency range is 2,900 to 3,300 Mc. 
Type RW 101 operates at high effi-
ciency because no special cooling is 

"4. 

actual size4 0 

VOLT 
SUBMINIATURE 
SILICON DIODE 

Meets or exceeds the environmental 
requirements of MIL S-19500C and 

associated specification MIL Standard 750 

COMPARE — SIZE • RATINGS • PERFORMANCE 

SUBMINIATURE DIODE 

AIM 
STANDARD PACKAGE 

NAE TYPE NSS 1026, shown actual 
size above, is a high voltage rec-
tifier in a subminiature diode 
package capable of delivering up 
to 1/4 ampere average forward 
current and up to 4000 volts peak 
reverse voltage . . . and a max-
imum operating voltage of 2800 
Volts RMS! It's just one of a 
family of six NAE subminiature 
diode types designed to be used 
where space, weight and/or en-
vironmental extremes are critical. 

Peak 
Recurrent 
Inverse 
Voltage 

TYPE (voltS)t 
/13643 
1N3644 
1N3645 
1 N3646 
1513641 
NSS 1026 

1000 
1500 
2000 
2500 
3000 
4000 

Maximum 
RMS 

Voltage 
(volts) 

700 
1050 
1400 
1750 
2100 
2800 

These units are constructed with 
high temperature, fatigue-free 
solder and encapsulated in a sub-
miniature insulated housing. They 
withstand thermal shocks of 
— 65°C to +150°C and cycling 
with temperature excursions up to 
573°C. They offer 1/4 ampere 
power at 25°C ambient temper-
ature, despite their small size, 
with a derating factor of only 
—2 ma/°C. Operating and storage 
temperature range: from —65°C 
to +150°C. 

WRITE FOR DATA SHEET #4750. 

Max mu ru 
Average 
Forward 
Current 
@ 25°C 
(ma) 

250 
250 
250 
250 
250 
250 

Maximum 
Forward 
Voltage 
@ 25°C 

(volts @ ma) 

5.0 e 250 
5.0 0 250 
5.0 @ 250 
5.0 @ 250 
5.0 @ 250 
5.0 e 250 

Max. Avg. 
Inverse 
Current 
@ 125°C 
(pa)t 
100 
100 
100 
100 
100 
100 

t Measured at 10 pAdc. @ 25°C 

t Full cycle average with device operating at maximum rated inverse 
voltage and average forward current 

.\--ORTH *AMERICAN ELECTRONICS, INC. 
111frp West Lynn, Mass.. 

SUBSID.P• OF ED 

nae 
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VITREOSII® 
PURE FUSED 

QUARTZ 
TAKES 
MORE 
SHOCK, 
HEAT 
AND 
ACID 
THAN GLASS 
OR PORCELAIN — 

RESISTS 
TEMPERATURES TO 
1050°C — 

HANDLES 
MOST HOT ACIDS 
WITHOUT ETCHING — 

WITHSTANDS 
CONSTANT THERMAL 
SHOCK — 

EXCELLENT 
ELECTRICAL AND 
OPTICAL 
PROPERTIES — 

LABORATORY AND 
INDUSTRIAL WARE — 

SPECIAL 
FABRICATION — 

SPECTROSIL® 
FOR PURITY 

ASK FOR 
32 PAGE FREE 
CATALOG — 

10 

THERMAL 
AMERICAN 
FUSED QUARTZ CO. 
RT. 202 AND 
CHANGE BRIDGE RD. 
MONTVILLE, N. J. 

required. For input tube applica-
tions, it improves a radar receiver's 
signal/noise ratio and adapts easily 
to any radar in service. 

CIRCLE 337, READER SERVICE CARD 

Airborne Transducer 
Provides 5-V D-C Signal 
TABER INSTRUMENT CORP., 107 Goun-
dry St., North Tonawanda, N.Y. A 
Teleflight bonded strain gage pres-
sure transducer/amplifier model 
185 290-1 is designed for space ve-
hicle and rocket applications where 
reliability, weight and size are most 
important. It delivers an amplified, 
5 y d-c signal in proportion to the 
applied pressure. It is designed to 
operate at temperatures from —65 
to +250 F. (338) 

D-C Amplifier 
Has High Power 
SOLID STATE INSTRUMENTS CORP., 

Cambridge, Mass. An all solid state 
high power d-c amplifier can de-
liver 300 w continuous power at 50 
C. It is integrally packaged with a 
power supply for operation from 
115 y a-c, 60 cps. The power supply 
features scr overcurrent protection 
so that the output can be shorted 
with no damage to the amplifier. 
Applications include drive for di-
rect drive torque motors and voice 
coil type actuators encountered in 
gyro test equipment, and vibration 
test equipment. (339) 

Meter Calibrator 
TWINCO, INC., 9 Erie Drive, Natick, 
Mass. There are no rms/average, 

A Precision Ratio Transformer 
for Military Applications — 

SI-011-R 

Custom designed and manufactured to 
meet the rigorous requirements of 

electronic checkout systems. 

FEATURES—low phase shift—high trans-
formation accuracy—high input imped-
ance—hermetically sealed to meet re-
quirements of MIL-T-27A, grade I, class R. 

SPECIFICATIONS — 
Input Voltage: 150 V RMS 

400 cpszF_-.2 cps 
Input Impedance: 6-30 V 1 meg min. 

30-60 V 1.5 meg min. 
60-120 V 2.0 meg min. 

Input Current: 6 ua max. @ 6 V 400 cps 
20 ua max. @ 30 V 400 cps 
30 ua max. @ 60 V 400 cps 

Load Impedance: 10 meg min. 
Phase Shift: primary to secondary ±. .15 

nnilliradians 
Turns Ratio: primary to secondary 

max. 1.00006 
min. .99994 

For full information about 
Saratoga Industries complete 

d 
design, engineering and uction pro.facilities, write — 

SARATOGA INDUSTRIES 
A Division of Espey Mfg. & Electronics Corp. 
Saratoga Springs, N. Y. • Telephone 4100 
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loading, friction or parallax errors 
when using model MC5500 meter 
calibrator which provides high 
power output on all 54 a-e and d-c 
voltage & current ranges. (340) 

Planar Transistors 
Come in Four Models 
SPERRY SEMICONDUCTOR DIVISION, 
Norwalk, Conn. The 2N2590-2N-
2593 series of complementary pnp 
silicon planar transistors are de-
signed for high-frequency, high-
voltage linear amplifier, oscillator 
and nonsaturating switching cir-
cuits. Four restricted beta ranges, 
two-point control of h parameters 
and typical fr of 100 Mc insure 
superior performance in small sig-
nal applications. (341) 

Pressure Sensor for 
Cryogenic Service 
TRANs-soNIcs, INC., Burlington, 
Mass., has available a series of 
pressure potentiometers designed 
for cryogenic service. They have 
a temperature sensitivity of less 
than 0.005 percent/deg F through 
their operating range of -320 F 
to +160 F. A time constant of 3 
millisec and ability to withstand 50 

g to 2,000 cps vibration make the 
units ideally suited for airborne 
missile applications. (342) 

Coaxial Adapters 

OMNI SPECTRA, INC., 8844 Puritan 
Ave., Detroit 38, Mich. Coaxial 

EIC 
MODEL H-1000 SERIES 
MAGNETIC HEADS 
AM • FM • AM / FM combination 

EIC magnetic recording head compon-
ents are now available for any recording 
or playback system. Originally designed 
for use in EIC recording systems, these 
heads are now proved and offered as 
industrial electronic components. Their 
wide range of electrical and mechanical 
adaptability makes them your best buy 
for laboratory and industrial applica-
tions in recording, control, and data 
analysis. 

Features: 

• Vacuum impregnated and potted in 
epoxy resin. 

• Mu-metal shielded. 
• Precise mechanical tolerances. 

• Available in single or multi-head 
blocks. 

• Blocks available in permanently im-
bedded or individually replaceable 
heads. 

Applications: 
• Drum, reel, or disc recording. 
• Sound or seismic recording. 
• Process instrumentation and control 
computers. 

Specifications 

Track Gap Over-All Induct- Resist-
Type Width Width Width ance ance 
No. (In.) (In.) (In.) (mh) (Ohms) 

A- 12 0.012 0.00025 0.125 6.7 6.75 
A- 40 0.040 0.00025 0.125 600 215 
A- 50 0.050 0.00025 0.125 750 220 
8- 50 0.050 0.00025 0.125 65 30 
C- 50 0.050 0.0010 0.125 325 220 
A- 60 0.060 0.0010 0.207 3 200 
A- 90 0.090 0.00025 0.207 100 30 
A-100 0.100 0.00025 0.187 1200 265 
8-100 0.100 0.0010 0.187 500 265 
C-100 0.100 0.00025 0.187 375 265 
A-125 0.125 0.0020 0.207 29 34 
B-125 0.125 0.0050 0.207 1.17 1.9 
C-125 0.125 0.0050 0.207 0.224 0.7 
A-140 0.140 0.0010 0.207 500 230 
8-140 0.140 0.0010 0.207 7 10 
C-140 0.140 0.0030 0.207 235 230 
A-30-3 0.030 0.001 0.145 7.0 14.5 

El ELECTRODYNAMIC INSTRUMENT CORPORATION 
SUBSIDIARY OF REED ROLLER BIT COMPANY 

TWX 713-571-341 / RI 8-2760 1841 Old Spanish Trail - Houston 25, Texas 

Cable: EICORP- Houston 

EIC REPRESENTATIVES 
CLYDE M. SALISBURY CO., San Francisco, 1453 Seventh Ave. - MO 4-0586 • REPCO SALES, Miami, 401 N.W. 
71st Street - PL 7-2911 • ELECTRONIC SALES, INC., Denver 22, 2641 S. Ivy Street - SK 6-4148 • WALLACE 
AND WALLACE, Los Angeles 15, 1206 Maple Ave. - RI 7-0401 • BRANCH OFFICE: P. 0. Box 30201, Dallas 30 
EA/ 1-0174. 
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YOUR POSTMASTER SUGGESTS: 

Avoid the Last Minute 

Christmas Holiday Rush 

MAIL EARLY 
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WRAP PACKAGES SECURELY 
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AU GAT 
HEAT DISSIPATORS 

FOR 

SEMICONDUCTORS 

Now... 
an expanded line! 

9016 

Approx. radiating 
surface 

83 sq. In. 

9015 

Approx. radiating 
surface 
1.9 sq. in. 

Augat's extensive line now in-
cludes these new heat dissipators. 
The 9016 Series will handle the 
power requirements of the largest 
semiconductors. The 9015 Series, 
designed for the TO-5 and TO-9 
cases, effectively increases the 
surface area by a factor of six. 

The Augat line includes: 

Model for Semi-
Number conductor 

Thermal Res 
(Natural Cony.) 

9006 
9003 

9009 
9014 

9015 

9016 

TO-3 

MT-1 and 
Stud Mounts 

TO-36 

TO-8 and 
Stud Mounts 
TO-5 and TO-9 

TO-3, TO-36, MT-1 
and Stud Mounts 

6.5°C/Watt 

5.2 

5.0 

11.0 

40.6 
2.1 

Dissipators are also made to cus-
tomer specifications. Write today 
for Catalog HD 462 describing 
the Augat line in full detail. 

AUGAT INC. 
30 Perry Avenue, Attleboro, Mass. 

adapters only 11 in. long, and with 
vswr under 1.15:1 up to frequency 
of 11.0 Ge provide convenient 
transition between type N and TNC 
connectors and the new OSM and 
BRM miniature connectors. 
CIRCLE 343, READER SERVICE CARD 

Solid State Switch 
Features Low Offset 
WESTERN ELECTROSYSTEMS, INC., 

1041 E. Seventh St., Long Beach 
13, Calif. Miniature solid state 
switch features low offset, high 
speed and low cost. Driving signal 
characteristics are very flexible; 
the Ministat can be driven from a 
square wave from 0 to 50 Kc and 
typically requires 6 to 12 y at 3 to 
8 ma to operate. Switching prop-
erties are such that 0 to ±-12 y sig-
nals may be switched at currents 
up to 10 ma. Nominal forward re-
sistance is 3 ohms; a max offset 
voltage of not greater than -±50 pty 
from —25 C to +70 C is guaran-
teed. (344) 

Parametric Amplifier 
Designed for C-Band 
FERRANTI LTD., Hollinwood, Lancs., 
England. Type VCA/C/III ampli-
fier has been designed for the fre-
quency range 4-5 Ge as a simple 
compact addition to a receiver to 
improve its noise figure. The cir-
cuitry is waveguide throughout en-
abling it to be readily incorporated 
in an existing system. The para-
metric amplifier operates in a 
nondegenerate reflection type mode 
with an idler frequency of 6,000 
Me, a three-port circulator being 
used to separate input and output 
signals. (345) 

Voltage Comparator 
PHILCO CORP., Lansdale Div., Lans-
dale, Pa. A d-c voltage comparator 

for 

INSULATING 

CONDUCTING 
PROTECTION 

in 

RESEARCH 

and 

INDUSTRIAL 

APPLICATIONS 

Synthetic Materials 

General purpose anti-corrosive 
weather resistant coatings 

Coatings for electronic 
applications 

lmpregnants and encapsulants 

Adhesives and cements 

Potting and casting compounds 

Our Engineers and Chemists 
will develop special mate-
rials to meet your require-
ments. 

Write for data 

COLUMBIA 
TECHNICAL 

CORPORATION 
Woodside 77. N.Y. • YE 2-0800 
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that exhibits differential sensitivity 
of 50 tar will accept inputs of any 
parameter that can be reduced to a 
d-c voltage and compare the un-
known voltage to an external d-c 
limit reference voltage. (346) 

Telemetry Oscillator 
SONEX, INC., Twenty East Herman 
St., Philadelphia 44, Pa. The TEX-
3107, an all solid state high environ-
mental millivolt controlled oscilla-
tor developed for the telemetering 
of millivolt signals in aircraft and 
missile applications, eliminates the 
need for a costly high gain d-c am-
plifier in addition to a subcarrier 
oscillator. (347) 

D-C Amplifier 
Covers Wide Band 
DYMEC, a division of Hewlett-Pack-
ard Co., 395 Page Mill Road, Palo 
Alto, Calif. The DY-2460A high-
gain d-c amplifier for systems and 
bench use features a photoconduc-
tive chopper and solid state cir-
cuitry for long life and exceptional 
reliability on low-level measure-
ments. The instrument will supply 
an output of ±10 y peak at 10 ma. 
Zero drift is less than 1 or per week, 
noise less than 4 eiv peak-to-peak 
and gain stability is 0.01 percent 
per week. Fast settling time and 
rapid overload recovery make the 
unit ideal for systems use. (348) 

Dry Reed Relays 
LINE ELECTRIC DIVISION, Industrial 
Timer Corp., U. S. Highway 287, 
Parsippany, N. J. Dry reed relays 
that provide fast acting, reliable 
switching at low cost in transistor 
testing equipment are available in 
various packages including plug-in, 
p-c and solder lug, with from one to 
12 reeds in the package. (349) 

EECo G-Series Circuit Applications 

THIS 10 MC SHIFT REGISTER 
SET E1 

PARALLEL DATA TRANSFER ENABLE 
SET F2 

SHIFT ENABLE 

E 

G 401 

D 

G 101 

H 

( 
T U Y 1 

G401 

G.401 

G 101 SHIFT 
DATA 

G OCI 

CLOCK INPJT 

RESET F, RESET F2 

10 Mc Shift Register with synchronous data entry followed by synchronous serial 
shifting, with true logic levels enabling the logic inputs of the JK flip-flops, and 
with data entered or shifted at clock time. 

Clock Input 
Max. rise time: 25 nanoseconds 
AC noise: reject at least 2 volts peak to peak 
True level: —6 VDC (nominal) 
False level: 0 VDC (nominal) 

EECo Modules/Bit 
One G-401 universal logic gating package 
One-half G-101 dual JK flip-flop 

Power 
—12 VDC: 2F/F=60 Ma, each 401=32 Ma 
—6 VDC: each 401=32 Ma 
+6 VDC: 2F/F=6 Ma 

Logic Input 
True level: —6 VDC (nominal) 
False level: 0 VDC (nominal) 
Logic transfer frequency: up to 10 Mpps 

COSTS LESS THAN $68/BIT 
Yet, it utilizes the most reliable circuits you can buy today —EECo 
G-Series extended-service digital-circuit modules. Every EECo module 
is guaranteed reliable and will be repaired or replaced under conditions 
defined in the company's written warranty. In addition, every module 
is a catalog item, available from stock. You can 
select from the 10 Mpps, SOO Kpps, and 25 Kpps 
basic frequency groups. No matter what your 
choice, three major benefits will always be 
yours—reliability, economy, availability. 
This is just one of the many practical applica-
tions of this versatile new series. Perhaps 
another will be of direct interest to you. Write, 
wire, or phone today for details; ask for the 
new G-Series catalog or a call from one of our 
experienced staff of applications engineers. 

ENGINEERED ELECTRONICS Company 
1441 East Chestnut Avenue, Santa Ana, California 
Telephone: 547-5651 Cable Address: ENGELEX 
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NEW BETTER-THAN-EVER 

RELIABILITY 
for long-distance point-to-point communications 

ORTHERN RADIO 

NEW 16-CHANNEL TRANSISTORIZED 
VOICE FREQUENCY DIVERSITY CARRIER 
TELEGRAPH TERMINAL TYPE 235 MODEL 3 

MIL DESIGNATION AN/FGC-61A 
. . . All units militarized: components and design ap-

prOved by U.S. Military. 

. . . Converters have equalized gain and adjustable time 
delay in each channel for better diversity performance 
and interchangeability. 

. . . Switching Panels provide "local" or "remote" se-
lection of 2-channel or 4-channel diversity modes. 

. . . Combiners have adjustable gains in each channel, 

for complete switching flexibility, and the combining 

follows an ideally modified square law function for both 

2-channel space or frequency and 4-channel space plus 

frequency diversity. 

. . Keyers have adjustable "threshold" sensitivity con-
trol and simplified input circuit selection. 

. Dotter and Delay Indicator provides test keying 
signal source for keyers and delay equalizers in all 

channels. 

Write for complete literature. 

Pace-Setters in Quality Communication Equipment. 

ArOnTliMB DIO C22/211Z inc. 
147 WEST 22nd SINEW YORK 11, NEW YORK 

in Canada: Northern Rodio Mfg. Co., ltd., 1950 Bank St., Billings Bridge, Ottawa, Ontario. 
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INDUSTRIAL COLORADO 

PRIME SITE FOR ELECTRONIC INDUSTRIES! 
Locate in the middle of the great new industrial west... right between the giant west coast 
and expanding midwest markets... Locate in Colorado, the transportation hub west of the 
Mississippi. Many of the nation's leading electronic companies have Colorado addresses... 
enjoy Colorado's year 'round Pleasant Living bonus. Discover the advantages for your com-
pany in Colorado. 

WRITE TODAY FOR FREE EXECUTIVE 
PORTFOLIO .....INDUSTRIAL COLORADO" 

9-booklet portfolio containing the latest data on Colorado's 
industrial assets, sites, markets, labor and of course... 
Pleasant Living. All inquiries are strictly confidential. 

COLORADO 
DEPARTMENT 

OF DEVELOPMENT 
l STATE CAPITOL DENVER 2, COLORADO 

Literature 
of the Week 

AUTOMATED BOBBIN CORE: InfineticS, 
Inc., Electro-Magnetic Div., 1601 

Jessup St., Wilmington 2, Del. Cat-

alog 21-1 introduces bobbin cores 
manufactured by automation. It 

explains the process and resultant 
advantages. 

CIRCLE 350, READER SERVICE CARD 

NOISE FIGURE Hewlett-Packard Co., 
1501 Page Mill Road, Palo Alto, 

Calif. Application Note No. 57, de-
fining noise figure and how it may 
be measured, is available. (351) 

D-C POWER SUPPLY Perkin Electronics 
Corp., 345 Kansas St., El Segundo, 
Calif., offers a technical engineering 
data sheet on a 0-40 v, 0-5 amp d-e 
power supply. (352) 

ELECTRONIC VOLTMETERS Metronix Di-
vision of Assembly Products, Inc., 
Chesterland, O. Panel-mounting 
voltmeters with multi-range ac-
curacies of -± 0.5 percent are among 
the instruments described in a 16-
page catalog. (353) 

SCIENTIFIC COMPILER SYSTEM Honey-

well Electronic Data Processing, 60 
Walnut St., Wellesley Hills 81, 
Mass., has published a bulletin de-

scribing Automath, its scientific 
compiler system. (354) 

TRANSISTORS Amelco, Inc., 341 Moffett 
Blvd., Mountain View, Calif. A 16-

page folder gives technical data on 
a line of silicon planar transistors, 

field effect transistors, and special 
assemblies. (355) 

ENCAPSULATED CIRCUITS Clevite Tran-
sistor, Waltham 54, Mass., has avail-

able bulletin TB-300 covering techni-
cal data on "milli-pak" encapsulated 

circuits. (356) 

SEMICONDUCTOR STRAIN GAGES Baldwin-
Lima-Hamilton Corp., 42 Fourth 
Ave., Waltham 54, Mass. Features 
and advantages of self-temperature-
compensated semiconductor strain 

gages are described in a data bul-
letin. (357) 

AEROSPACE PRODUCTS Transco Prod-

ucts Inc., 4241 Glencoe Ave., Venice, 
Calif. Booklet summarizes the com-
pany's lab and engineering facilities 
for production of aerospace com-
ponents and systems. (358) 

HIGH POWER VARACTOR DIODE Bendix 
Semiconductor Division, Holmdel, 
N.J. An engineering data sheet de-
scribes and illustrates a high power 

silicon varactor diode. (359) 

ACTIVE FILTER NETWORK Guillemin 
Networks, Inc., 381 Eliot St., New-
ton 64, Mass. Booklet describes 

notch filters that are said to be 20 
to 50 times sharper than conven-

tional twin-tees. (360) 

SYNCHROS AND RESOLVERS Kearfott 
Division, General Precision Aero-
space, Little Falls, N. J. A recent 
catalog sheet discusses a series of 
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size 11 industrial synchros and re-
solvers. (361) 

DIGITAL STEPPING RECORDER Digi-Data 
Corp., 4908 46th Ave., Hyattsville, 
Md. Catalog sheet illustrates and 
describes model DSR 1400 digital 
stepping recorder. (362) 

TEST EQUIPMENT Precision Apparatus 
Co., Inc., 70-31 84th St., Glendale 
27, N. Y. A 20-page booklet con-
tains features, specifications and 
prices of a complete line of precision 
test equipment. (363) 

DIFFUSION FURNACES Hevi-Duty Equip-
ment Co., Watertown, Wisc., has 
issued a bulletin describing diffu-
sion furnaces for processing semi-
conductor products. (364) 

NYLON PRECISION PARTS Cosmo Plastics 
Co., 3239 West 14th St., Cleveland 
9, 0. Catalog 1062 provides speci-
fications on Nylon bobbins, washers, 
and other precision parts now avail-
able from stock. (365) 

INFRARED PRODUCTS Barnes Engineer-
ing Co., Opti-therm Division, 30 
Commerce Road, Stamford, Conn., 
has available data sheets on an 
infrared thermometer and an infra-
red micrometer. (366) 

COAXIAL CABLE Phelps Dodge Elec-
tronic Products Corp., 60 Dodge 
Ave., North Haven, Conn., has 
published bulletin CT3 illustrating 
and describing Spirafil coaxial 
cable. (367) 

LOW TORQUE CAPACITORS National 
Radio Co., Inc., 37 Washington St., 
Melrose, Mass., offers a specification 
sheet covering four types of low 
torque capacitors. (368) 

PRINTER SYSTEM Anelex Corp., 150 
Causeway St., Boston 14, Mass., has 
published a four-page brochure de-
scribing the model 300 high speed 
printer system. (369) 

MOTOR SPEED CONTROL War01 Engi-
neering, Inc., a subsidiary of 
Sprague Electric Co., 85 Magee 
Ave., Stamford, Conn. Versatile 
adjustable speed ser shunt motor 
drives are described in technical 
paper VTP-2. (370) 

VIBRATION TRANSDUCERS Consolidated 
Electrodynamics Corp., 360 Sierra 
Madre Villa, Pasadena, Calif. Bul-
letin covers types 4-102A and 4-103 
vibration transducers. (371) 

SIGNAL SIMULATOR Correlated Data 
Systems Corp., 1007 Air Way, Glen-
dale, Calif. Two-page brochure 211 
describes model SS1000 pcm tele-
metering simulator. (372) 

DIGITAL TRANSDUCERS Diginamics 
Corp., 2525 E. Franklin Ave., Min-
neapolis 6, Minn., has available a 
condensed catalog on the complete 
line of its digital transducers and 
data handling equipment. (373) 

R-F DIODE American Micro Devices, 
Inc., 10888 N. 19th Ave., Phoenix 
20, Ariz. Data sheet covers the 
AM600 r-f diode that can operate as 
either a rectifier or switch from 1 to 
50 Mc. (374) 

COST 
CUTTING 

WOIT le 
TESTER built for 

Better Measuring fromUl 

LI 

RAYTHEON 

by Electro Instruments 

Key to the speed, accuracy, high reliability and cost-saving 
features of this automatic system tester created for Raytheon 
is the EI all solid state Digital Multimeter. 

Combining simplified circuitry, fewer parts, improved 
packaging and lower price. El D.V.M's. can swiftly and 

accurately evaluate any component or complete assembly 
which can be checked by the measurement of a DC voltage, 

AC voltage, DC ratio, resistance, capacitance, inductance, 
or impedance. 

The automatic system tester built for Raytheon, for 
example, measures up to 1000 signal inputs programmed 

for a random scan of AC or DC voltages, AC and DC volt-
age ratios, frequencies and resistances. Measurement mode 

and tolerance limits are programmed by punched paper 

tape. The measured data and in or out-of tolerance informa-
tion are recorded on an output punched paper tape and 

strip printer. The system also includes an auxiliary stimuli 

control which provides up to 100 closures for external cir-
cuit control on command of the program tape. 

For full details on El's individual instruments in the digital 
measuring field, or our complete systems capability in data 
acquisition, display and control — call the El office nearest 
you or write direct. 

E Electro Instruments, Inc. 
8611 Balboa Avenue, San Diego 12, California 
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new low cost 

THERMISTORS 
match standard curves 

-40° to 150° C. 
4 e 

2 2 
e— 

tx o 

—40 o 40 80 
TEMPERATURE C 

Resistance Tolerance 
30K thermistor No. 44008 

120 150 

• YSI precision thermistors can now 
be stocked by the thousands, used inter-
changeably. The high cost problems 
of matching, padding, auxiliary resist-
ances or individual calibration have 
been eliminated. 
• Stock base resistances at 25° C. of: 
100 St 1K 10K 
300 1-) 3K 30K 

100K 
• For 5 years YSI has manufactured 
precise, interchangeable thermistors for 
laboratory instrumentation. 
• Now we offer as components a fam-
ily of precision thermistors which 
match the same Resistance-Tempera-
ture curves to within ± 1% over a 
wide temperature range. 
• $4.90 each, with substantial dis-
counts on quantity orders. 
• Quantities under 100 available from 
stock at Newark Electronics Corpora-
tion and its branches. 

For complete specifications and details write: 

ggggg YSI—COMPONENTS DIVISION 

Yellow Springs, Ohio 

NEW BOOKS 

Doppler radar water-cooled kly-
stron in focusing magnet assembly 

Permanent Magnets 
and Magnetism 
Edited By D. HADFIELD 

John Wiley & Sons, New York, 
1962, 556 p, $16.50. 

A collection of thirteen authori-
tative articles, this book should 
prove a useful reference volume. 
The brief historical chapter 

makes fascinating reading; subse-
quent chapters establish magnetic 
theory and deal with selection of 
materials and design procedures in 
enough detail to serve as a working 
manual. Further chapters deal with 
manufacturing techniques, mag-
netizing procedures, magnetic sta-
bility, magnet metallurgy and con-
temporary research in the field, 
with prediction of future trends.— 
G. V. N. 

Linear Electric Circuits 
By Z. HENNYEY 

Addison-Wesley Publishing Com-
pany, Inc., Reading, Mass., 1962, 

330 p, $14. 

While this text is "intended for 
those who are already experts", it 

LOW VOLTAGE POWER 

SUPPLY MODULES 

Model 287: 28 Volt, 7 Amps Heavy Duty 
$96.00 

(FOB Houston) 

A complete line of fixed low ,..oltage 
power modules, designed for operation 
where only a SLIGHT RISE ABOVE AM-
BIENT TEMPERATURE con be tolerated. 
These units feature CONTINUOUS OPER-
ATION; they may be rack mounted, or 
employed in any position. 

Voltages: 10-12-20-24-28-32 or 36 volts. 
Amps: 2- 5- 7- or 10 amperes. 
Filtered: To .02, capacitive, inductive, 
capacitive. 
Rectifiers: PRV ratings 2, 5 to 6 X above 
E output. I output specs of rectifiers, 1.5 
to 4.2 X full output amperage rating of 
power supply. 
Size: 13" x 7". 6" high. 

Units ore supplied with A.C. cord, are 
fused, hove reversible ground polarity, 
removable mounting brackets, are shipped 
READY TO WORK 

LOSHACK ELECTRONICS 
1010 QUITMAN • FA 3-9812 

HOUSTON, TEXAS 
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NIMS 

NATIONWIDE IMPROVED 

MAIL SERVICE PROGRAM 

For Better Service 

Your Post Office 
Suggests 

That You Mail Early 

In The Day! 
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...among the more 

J41.. (ts) 

RE-ENTRY STRUCTURES-
than 500 R&D programs underway at Douglas 

Douglas is engag in an intensive program to 
further development of high temperature struc-
tures for re-entry vehicles. 

Research is being conducted on super alloys, 
refractory metals, ceramics, graphites, and high 
temperature insulative and ablative materials. 

  Representative structural components are be-
ing manufactured and tested in our labora-

- ¡ tories. Theoretical analysis is being developed 
Land compared with the experimental research 
data. The need is emphasized by the inade-

  quacy of conventional materials and structures 
  at the temperature levels of re-entry flight. 1 Other areas of current structures research 
  include: development of titanium and fiberglas 

tankage for cryogenic and storable propellants; 
  analysis of sandwich domes, cylinders and 
  cones under load and thermal gradients; sta-

bility of landing legs for lunar touchdown; 
meteoroid and radiation shielding; and develop-
ment of inflatable structures. 

Of career interest to engineers and scientists 

  Stimulating work assignments and wide pro-

MISSfLE S SPACE SYSTEMS D/V/S/ON 

An equal opportunity employer 

I 
féssiOnal growth are available at Douglas or 
men who can integrate the requirements. of 
structural design with strength and load analy-
sis, thermodynamics, guidance and control, 
weight optimization and manufacturing. 

Also urgently needed are qualified engineers 
and scientists in the wide variety of other areas ---
related to missile and space systems. Scholar-
ships and financial assistance are available for   
you to continue your studies in such fine uni-
versities as Cal Tech, U.C.L.A., and Southern 
California. Ft 
Send us your resume or fill out and mail the 

coupon. Within 15 days from the receipt of 
your letter, we will send you specific inforrna, 
tion on opportunities in your field at Douglas. 

Mr. F. V. Edmonds 
Missile and Space Systems Division 
Douglas Aircraft Company 
3000 Ocean Park Boulevard 
Santa Monica, California 

F-14, t 

- 
4................ ........Please send me full information on profes. 

sional opportunities in my field at Douglas 1 

I Name 

Engineeriné or 
scientific field  

Address 

City  - 

1 
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AC 
POWER 
SUPPLIES 

A complete line of single phase, two phase and 
three phase electronic power supplies with out-
put power ranging from 3 watts to 9 KVA. 

Featur ing: 
• Precision 400 C.P.S. output (other fixed 

or variable frequency ranges available). 

• Regulated output voltage. 
• Low distortion. 
• Many standard optional features to suit 

your requirements. 

WRITE FOR OUR NEW POWERTRON SPECIFICATION CATALOG 

INDUSTRIAL TEST EQUIPMENT CO. 
55 EAST 11th STREET • NEW YORK 3, N. Y. 

WANTED 
Thermoelectric materials 

suppliers and potential 

suppliers for the follow-

ing materials: 

Lead telluride 

Zinc antimonide 

Bismuth telluride 

Silicon Germanium alloys 

Send detailed specifications 

to Box 101 

c/o electronics 

330 West 42nd Street 

New York 36, N. Y. 
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DON'T CUT CORNERS 
on vital parts! 
Buy the best   

SHIZUKI 
CAPACITORS 

Paper, Metallized Paper, and Plastic 

Film (Polyethylene) Tubular Capaci-

tors. Mylar, Metallized Lacquer Film 

and Thin Film Capacitors. 

C-R Part, Electrolytic Capacitors, Pa• 

per and Metallized Paper Capacitors 

by MIL Spec. 

SHIZUKI ELECTRIC WORKS CO., LTD. 

HEAD OFFICE: 1, TAISHA.CHO, NISHiNOMIYA, JAPAN 

CABLE ADDRESS: '•CAPACITOR' NrSHINOMIYA, 

TOKYO FACTORY: 10-7, ARAIJYUKU, OTA-KU, TOKYO. 

will probably be found equally use-
ful by engineering senior and post-
graduate students. It develops lin-
ear circuit theory from basic ideas 
through two-, four- and three-ter-
minal networks to wave filters and 
circuits such as the negative-im-
pedance transformer and equaliz-
ers. Separate chapters deal with 
the relevant topology, and an ap-
pendix on operational calculus pro-
vides the necessary mathematical 
background. The book is suffi-
ciently self-contained to be useful 
in its field without extensive refer-
ences to other literature. 

Instrumentation for 
Engineering Measurement 
By R. H. CERNI and L. E. FOSTER 

John Wiley & Sons, Inc., New York, 
1962, 456 p, $12.50. 

This book is designed to acquaint 
the engineer, student or manager 
with the many types and applica-
tions of measuring devices, trans-
ducers, amplifiers, indicators, re-
corders and other devices that are 
available so that he may make an 
intelligent and efficient selection in 
any given measurement situation. 
The approach is illustrative rather 
than analytic. 

Basic measurements are de-
scribed first, and then specific types 
of instruments are covered from 
primary sensors all the way to 
telemetry, data reduction and com-
puter data processing. The princi-
ples are later illustrated by several 
instrumentation systems represen-
tative of advanced contemporary 
practice.—G. V. N. 

Digital Information 
Processors 
(Selected Articles on Problems of 

Information Processing) 

Editor: WALTER HOFFMANN 

Interscience Publishers, John Wiley 
& Sons, New York, 1962, 740 p, $27. 

Only computer specialists will 
want this multiple-language text. 
Of 22 papers, 8 are in German, 14 
in English; all are summarized in 
German, English and French. 
Rather than attempting a com-

prehensive view of computer devel-
opments, the papers aim at going 
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MICRO 
MINI 
MIRE 

tiniest timer 
for 

reliability 
studies 

This A. W. Haydon ETI is essential for 
applications where space is critical. 
We don't know of any other ETI that 
can touch it for size—only 1/4 cubic 
inch. It records hours to 999.9 or 
9999, with over 99.9% accuracy... 
runs on a half watt, 115 v, 400-cycle 
input.., weighs 0.75 oz....exceeds 
requirements of MIL-M-26550. Tem-
perature range, —65° to +250°F... 
altitude 80,000'... 20g vibration up to 
2,000 cycles. The microminiature ETI 
is designed for reliability test engi-
neering. For full details on this, and 
its companion events counter, write 
The A. W. Haydon Company today. 

AYDON 
COMPANY 

235 NORTH ELM STREET,WATERBURY 20,CONNECTICUT 
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into depth in selected areas—these 
include Automata and Thought 
Processes, Interrelations between 
Computers and Applied Mathemat-
ics, Programming, and Theoretical 
Aspects of the Mechanization of 
Literature Searching; 2 Czech 
papers discuss a self-correcting 
computer and the numerical system 
of residual classes (in English). A 
group of 7 papers from Japanese 
experts, also in English, treats 
many aspects of digital computer 
development in that country, in-
cluding the famous Parametron. 
The majority operation circuit 
above comes from "The Para-
metron" by Takahasi and Goto. 
Combined bibliographies are 

enormous—the literature survey by 
W. Hoffmann, concluding the book, 

alone contains 697 items.—N. L. 

Handbook of Chemistry 

and Physics 
CHARLES D. HODGMAN, Editor-
in-chief 

The Chemical Rubber Publishing 
Co, Cleveland, Ohio, 1962, over 
3,500 p, $12. 

The forty-fourth edition of this 
immensely useful volume has been 
brought up to date once more, with 
the addition of a good deal of in-
formation pertinent to the elec-
tronics field. 

Some of these additions are: 
tables of velocity of sound in vari-
ous substances, lists of supercon-
ducting elements and of other su-
perconducting materials, emissivity 
of tungsten, secondary electron 
emission, and data on elementary 
particles. Other existing tables 
have been revised with data based 
on recent work. 

Proceedings of the Third 

International Conference 

on Medical Electronics 
Charles C. Thomas, Springfield, Ill., 
1962, 535 p, $34.50. 

On a Himalayan peak at 19,150 
feet sits a transistorized electro-
cardiograph left there on a 1959 
expedition—anyone who "cares to 
go and get it can have it for noth-

Judi 
workhorse of 

reliability 
testing 

This A. W. Haydon ETI is ideal for 
applications where space is a prob-
lem. Less than 3" long, 11/4" dia, it's 
production-test-proved to record up 
to 9,999.9 hours at better than 
99.9% accuracy—much more relia-
bility than what it's testing. The 
23200 series for 60-cycle, or the 
25200 series for 400-cycle run on 3 
watts of 115 v., exceed requirements 
of MIL-M-7793.These Eli's are tested 
for service from —65° to +250°F... 
altitude to 80,000'...20g vibration up 
to 2,000 cycles. To get full details, 
write The A.W. Haydon Company today. 

AYDON 
COMPANY 

235 NORTH ELM STREET,WATERBURY 20, CONNECTICUT 
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Are you a 

COMPLETELY INFORMED 

electronics engineer? 

Today you may be working 
in microwaves. But on what 
project will you be working 
tomorrow? You could have 
read electronics this past 
year and kept abreast of, say, 
microwave technology. There 
were 96 individual micro-
wave articles between July, 
1961 and June, 1962! 

But suppose tomorrow you 
work in some area of stand-
ard electronic components, in 
semiconductors, in systems? 
Would you be up-to-date in 
these technologies? Did you 
read the more than 3,000 edi-
torial pages that electronics' 
28-man editorial staff pre-
pared last year? 

electronics is edited to keep 
you current wherever you 
work in the industry, what-
ever your job function (s) . If 
you do not have your own 
copy of electronics. subscribe 
today via the Reader Service 
Card in this issue. Only 71/2 
cents a copy at the 3 year rate. 

electronics 

ing". Is there still a gulf between 
engineers and medical scientists? 
Who cares about methods of analyz-
ing and transforming neurophysio-
logical information, radio pills or 
cephalic bruits? Engineers now 
evidently do, in increasing num-
bers. Says V. K. Zworykin, ". . . 
electronics will have a radical effect 
in changing the practice of medi-
cine. . ." 

Tidbits must suffice here to speak 
for a volume of fascinating scope 
and richness. Nearly 150 papers 
comprise three major sections: 
Measurements in Medicine and Bi-
ology; Research and Clinical Ap-
plication; Equipment, Techniques 
and Safety. These include papers 
on all types of medical instrumenta-
tion, research on the motor and 
nervous systems, on the circulatory 
and respiratory systems, and on 
electronic aspects of sight, hearing 
and locomotion, etc. 

This book demonstrates impres-
sively how varied and important 
the work in medical electronics has 
become. It should be a required 
reference for engineers who now 
work with the medicinemen. The 
purchaser will also find important 
clues in his search for the Hima-
layan electrocardiograph.—N. L. 

The Weapons 
Acquisition Process 
By MERTON J. PECK and FRED-
ERIC M. SCHERER, Division of Re-
search, Harvard Business School, 
1962, 736 p, $10. 

Primarily an economic and ana-
lytic study of the nature of the 
weapons acquisition process in this 
country. It is based on historical 
case studies of 7 commercial prod-
ucts as well as of 12 weapon system 
programs in aircraft and missiles. 
This book should interest adminis-
trators and officials who plan and 
execute weapons development pro-
grams, in which the electronics in-
dustry is naturally heavily involved. 

Future volumes in this series will 
cover actual cases, contractual and 
competitive incentives, and recom-
mendations on administrative prob-
lems that are unique to this period 
of history when weapons acquisi-
tion is such an all-encompassing 
activity.—N. L. 
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General L Fittings , Inc 
702 BEACON STREET, BOSTON 15,MASSACHUSETTS 

Telepnone: 617 267-5120 

CIRCLE 222 ON READER SERVICE CARD 

The Finest Compliment 
from People Who Know 

PRECIOUS METALS 
PLATING 

M-W Laboratories receives volume orders from firms 
which ordinarily do their own plating-but preferred 
to turn over jobs requiring the application of SpeCie 
ized techniques to M-W Laboratories, 

1 The more exceptional the job-the more defi-
nitely we demonstrate our superiority. 

Gold 
Silver 

Rhodium 
Alba by 
Indium 
Nickel 

Platinum 

Quality Control 
for Precious 
Metals Plating 
of Electronic 
Components 

Write for Brochure 

M-W LABORATORIES, INC. 

1824 N. Milwaukee Avenue 
Dept. E-1 

Chicago 47, Illinois 
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PRODUCT 
NEWS from EPL 

Low cost, reliable 

DC POWER SUPPLIES 

for low voltage applications 

Variable output ...low ripple 
... guaranteed performance...built 
to withstand 24-hour-a-day operation 

Recognized best in their price class 

t1H 3 

Model Voltage 
Output 

Amperage 
Output 

Regulation 
(V/A) 

Maximum 
Ripple (°'.) 

Meters Price 
(net) 

GFA 0-125 0-10 1.6 to 10A* 1 0-150V, 0-20A $575.00 
PS-5 0-55 0-10 0.8 (0-10A) 0.5 0-75V, 0-10A 250.00 
PS-5R 0-55 0-10 0.8 (0-10A) 0.5 0-75V, 0-10A 275.00 
NFB 0-32 0-15 0.3 (0-15A) 0.75 0-50V, 0-25A 250.00 
NFBR 0-32 0-15 0.3 (0-15A) 0.75 0-50V, 0-25A 275.00 
NB 0-32 0-15 0.3 (0-15A) 5 0-50V, 0-25A 225.00 
EFB 0-32 0-4 1.25 (0-4A) 0.1 0-40/20V, 0-10A 140.00 

0-16 0-8 1 (0-8A) 
EFBR 0-32 0-4 1.25 (0-4A) 0.1 0-40/20V, 0-10A 160.00 

0-16 0-8 1 (0-8A) 
EB 0-32 0-4 1.25 (0-4A) 5 0-40/20V, 0-10A 115.08 

0-16 0-8 1 (0-8A) 
EF 0-28 0-5 0.9 (1-5A) 1 0-50V, 0-6A se.oti 

0-14 0-5 0.6 (1-5A) 
PS-3 0-15 0-200MA 100MV 1MV 0-25V/100MA/ 79.50 

15-25 0-100MA 200MA 
PS-2 0-20 0-75MA 1.6 0.15 0-20V, 0-10A 56.00 

0-16 0-5A 0.5 & 0-75MA 
KPS-2 0-20 0-75MA 1.6 0.15 0-20V, 0-10A 44.95 
(kit) 0-16 0-5A 0.5 & 0-75MA 

D-612T 0-16 0-10 .44 (3-10A) 0.5 (it 5A, 0-20V, 0-10A 59.95 
0-8 0-10 .3 (3-10A) 2 rie 10A 

EC-2 0-16 0-5 1.8 0.5 0-20V/10A 39.91 
PS-30 12 0-30 0.27 1 0-20, 0-50 195.00 
H 12** 

6** 
0-10 
0-20 

.23 (3-10A) 

.15 (3-20A) 
5 0-20V, 0-30A 86.00 

EC-1 12** 0-5 1.4 0.5 29.95 

* 12% of no-load voltage g max. output ' adjustable 

Complete Line Bulletin PS-561 gives all details 

Stocked at Your Electronic Distributor 

ELECTRO PRODUCTS 
LABORATORIES 
6125-(F) West Howard, Chicago 48 

(Niles), Illinois. Phone 647-6125 

Canada: Allas Radio Ltd., Toronto 

Since 1936 ... Pioneers in DC Power Supplies • Proximity Switches 
Magnetic Pickups • Prescon Controls • Dynamic Micrometers 



PEOPLE AND PLANTS 

Phelps Dodge Unit Opens New Plant 

A NEW manufacturing plant has 
been opened in North Haven, Conn., 
to provide engineering and produc-
tion facilities for the recently 
formed Phelps Dodge Electronic 
Products Corp., subsidiary of the 
Phelps Dodge Corp. 
The one-story building has 51,500 

square feet of space. Manufactur-
ing area encompasses 39,000 square 
feet; classified area, 4,300 square 
feet; test laboratory, 1,800 square 
feet; office area, 4,800 square feet; 
other area, 1,600 square feet. 
The manufacturing function will 

cover coaxial connectors, delay lines 
and bending waveguides into so-

phisticated configurations. 
Research and development and 

applied engineering in systems corn-

Lear Siegler Board 
Elects Walsh 

JOSEPH M. WALSH, president of the 
Instrument division of Lear Sieg-
ler, Inc., has been named a cor-
porate vice president by the board 
of directors. 
Walsh joined the former Lear, 

Inc. in 1955 and was named general 
manager of the Instrument divi-
sion at Grand Rapids, Mich., in 

MIPS UM flEttIIII( ren 

munications is the prime purpose of 
the new corporation. Emphasis is 
being placed in the following areas: 
development of special components, 
origination of complete cable sys-
tems, custom engineering of special 
coaxial cable, design of waveguides, 
transitions and cable assemblies for 
exacting frequency requirements, 
and providing the engineering 
knowledge to analyze potential co-
axial cable parameters to meet un-
tested applications. 

Communication Products Co., 
Marlboro, N.J., which manufactures 
and assembles a complete line of 
small antennas and other types of 
radiating equipment, will be op-
erated as a subsidiary of Phelps 
Dodge Electronic Products Corp. 

May 1959. Following the merger of 
the Siegler Corp. and Lear, Inc. in 
June 1962, Walsh was named presi-
dent of the Instrument division. 

Victory Electronics 
Appoints Henderson 

WILLIAM J. HENDERSON has been 
named executive vice president of 

Victory Electronics, Inc., Syosset, 
L. I., N. Y., manufacturer of pre-
cision power supplies, regulators 
and inverters for military, space 
and industrial uses. He was for-
merly with the FXR division 
Amphenol-Borg Electronics Corp. 
Henderson will implement the ex-

pansion program for Victory Elec-
tronics into diversified electronics 
systems through new product re-
search and acquisition of other 
companies, according to Joseph 
Lazar, president. 

Ortronix Incorporated 
Names Verdery V-P 

LEONARD F. VERDERY has been pro-
moted to vice president of engineer-
ing at Ortronix Inc., Orlando, Fla. 
He will be responsible for all ac-

tivities of the Engineering division 
which includes the design and de-
velopment of telemetering and 
communications equipment, data 
systems and ground support equip-
ment. 

National Electronics 
Hires Hoffman 

DONALD C. HOFFMAN has joined Na-
tional Electronics, Inc., Geneva, Ill., 
a subsidiary of Eitel-McCullough, 
Inc., as quality control manager of 
the Thyratron and Rectifier divi-
sion. In this capacity he will be re-
sponsible for the overall quality of 
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Now! New From Cinch 

UNIT CONDUCTOR RELIABILITY 
For Micro-Miniature or Standard Applications 

ULTREKON* 
ULTIMATE RELIABILITY CONNECTORS 

New ULTREKON connectors were developed to answer the ex-
treme demands of military and aerospace applications. 
They function as conventional connectors during check .out and 

test. Then, after final test, the mating contacts are bonded together 
by welding or solderless wire wrapping. Bonding creates unit con-
ductors providing ultimate reliability even in the severe environ-
ments of aerospace applications. 

For further information contact your Cinch representative or local 
Cinch-Jones distributor or call direct. 
Patent PendIng 

ULTREKON CHARACTERISTICS 

CONTACT SPACING—For welding: .050 in. 
minimum. For solderless wire wrap-
ping: .100 in. minimum. 

INSULATORS—Glass filled diallyl phtha-
late. 

CONTACT MATERIAL AND FINISH— Phos-
phor bronze plated .00003 gold over 
copper flash. 

INDESTRUCTIBLE ENTRY—U LTREKON 
design prevents oversize probes 
from damaging contacts. 

SERVICEABLE AND REUSABLE CONNEC-
TORS—Welds can be clipped or wire 
unwrapped from ULTREKON con-
nectors. They then function as con• 
ventional connectors until rewelded 
or rewrapped. 

Weld 

Cross section of 
ULTREKON with mated 

contacts welded 
together 

CINCH MANUFACTURING COMPANY 
1026 South Homan Avenue. Ct.Icago 24, Illinois 

Plants located in Chicago, Illinois; Sheibyville, indiana; 
Cif), of Industry, California; and St. Louis, Missouri. 

A DIVISION OF UNITED-CARR FASTENER 
CORPORATION, BOSTON, MASSACHUSETTS 

CIRCLE 224 ON READER SERVICE CARD 

Is it ancient history by the time you see electronics? 

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 subscriptions" section. Only 71/2 cents a week. 

electronics A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36 
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NEW! A Component Processor 

CUTS RELIABILITY COSTS 

H. EELICIE1 w. 

,itutootaticaii9: 
FEEDS axial lead components individually, 
from taped coil or from prefilled feed 
tray . 

CUTS leads to exact length ... 

BENDS leads to specification bend . . . 

MARKS component body with a pressure-sen-
sitive marker with preprinted serial 
number . 

INSERTS formed and marked components in-
to carrier stick . . . 

DELIVERS filled component carrier stick, 
ready for reliability testing. 

133 

Every element of operation of the 
Brady Component Processor is elec-
tronically sensed . . . insures accu-
racy and uniformity in each process 
. . . saves time and rework. Speeds 
up to 30 components per minute. 
Requires work area only 3 feet 
square. 

For full information, write to: 

CO. • 739 W. Glendale Ave. • Milwaukee 9, Wis. 

Manufacturers of Quality Pressure-Sensitive Industrial Tape Products, Self-Bonding Name-
plates, Automatic Machines for Disipensing Labels, Nameplates, Masks and Tape. Est, 1914. 
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.1•51PILLOP 
TERMINAL BLOCKS 

• No Lugging • No Screws 

• No Special Tools • No Lost Time 

• No Short Circuiting 

• No Breakage • No Loose Parts 

ttfiSt1 e  t iL • ' 

d 
Making wire connections with Camblock terminal blocks, feed-thru con-
nectors, and binding posts is amazingly simple: (A) strip wire, (B) insert 
into connector, and (C) turn cam. Quick acting and positive locking con-
struction provides better electrical and -mechanical connections   
superior current carrying and insulation characteristics and high vibration 
values. Write for complete literature on medium and subminiature sizes. 

C111\1107; 
DIVISION 

WALTHAM PRECISION INSTRUMENT 

COMPANY. INC. 

221 CRESCENT STREET. WALTHAM 54. MASS. 

Tel TWInbroo. 3-4000 TWX WALTH 1183-X 

the special purpose electronic tubes 
manufactured by this division. 

Before this appointment, Hoff-
man was plant superintendent of 
the RCA Electronic Tube division 
at Indianapolis, Ind. 

MCS Appoints Vought 
General Manager 

MICROWAVE COMPONENTS AND SYS-

TEMS CORP., Monrovia, Calif., manu-
facturer of custom and standard 
microwave components, has ap-
pointed Richard E. Vought as 
general manager. In his new post, 
he will be fully responsible for all 
company operations regarding en-
gineering, marketing, and produc-
tion control of all microwave test 
equipment. 
Vought was formerly associated 

with Hughes Aircraft Co., Fuller-
ton, Calif. 

John Sefton Joins 
GD Electronics 

JOHN R. SEFTON has been appointed 
principal engineer in the Advanced 
Development Electroacoustics Lab-
oratory of General Dynamics/Elec-
tronics, Rochester, N. Y., with 
express responsibility for manage-
ment of the division's SUTEC 
(Seneca Underwater Test and 
Evaluation Center) facility. 

Sefton comes to GD/Electronics 
from the Martin-Marietta Corp., in 
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Are you a 
COMPLETELY INFORMED 
electronics engineer? 

Today you may be working 
in microwaves. But on what 
project will you be working 
tomorrow? You could have 
read electronics this past 
year and kept abreast of, say, 
microwave technology. There 
were 96 individual micro-
wave articles between July, 
1961 and June, 1962! 

But suppose tomorrow you 
work in some area of stand-
ard electronic components, in 
semiconductors, in systems? 
Would you be up-to-date in 
these technologies? Did you 
read the more than 3,000 edi-
torial pages that electronics' 
28-man editorial staff pre-
pared last year? 

electronics is edited to keep 
you current wherever you 
work in the industry, what-
ever your job function (s) . If 
you do not have your own 
copy of electronics. subscribe 
today via the Reader Service 
Card in this issue. Only 7% 
cents a copy at the 3 year rate. 

electronics 

Baltimore, where for the past three 
years he was head of the laboratory 
for antisubmarine warfare re-
search and underwater acoustic 
measurements. 

Elastic Stop Nut 
Hires R. L. Paul 

THE ELASTIC STOP NUT CORP. OF 

AMERICA, Union, N. J., announces 
the appointment of Russell L. Paul 
to the position of chief electronics 
engineer of its Elizabeth division. 
He will have prime engineering re-
sponsibility for the division's line 
of solid state Agastat timing in-
struments and other electronic con-
trol components. 

Before joining ESNA, Paul had 
been chief engineer at Seaboard 
Electronics Co. in New York City. 

Packard Bell Computer 
Names McDonald 

J. J. MCDONALD has been named 
general manager of Packard Bell 
Computer, Los Angeles, a division 
of Packard Bell Electronics. He will 
direct engineering, manufacturing, 
and marketing of computers and 
other digital systems, equipment 
and components, reporting to Wen-
dell B. Sell, vice-president and gen-
eral manager of Packard Bell's De-
fense and Industrial Group. 
McDonald was formerly vice 

DEPENDABILITY 
ZUVERLÂSSIG 
CONSIANCE 
FIDEDIGNO 
PÁLITLIG 

In any language, the Greeks had a 
word for it — DEPENDABILITY. 
Whether you look for systems or 
component engineering, research 
and development, or straight pur-
chasing of standard components 
you want and need a dependable 
source of supply. Try us at Telerad. 
DEPENDABILITY is guaranteed be-
cause our products are the result 
of creative research and quality 
control. Because we are customer-
minded, we give you precisely what 
you require, and we give it to you 
when you want it. 
And, while on the subject of 

DEPENDABILITY, a good example 
of practicing what we're preaching 
is our recent development of this... 

CAVITY 

The spherical configuration of this 
cavity provides the highest possible 
"Q" in the minimum amount of 
space. It is designed for use in "X" 
bands and has a relatively linear 
tracking. This cavity is especially 
ideal for reference application. 
"Q"s in the order of 10,000 are 
readily available. Call or write 
today. 

EI-Ele.41r) 
A Of VI WON or L ¿ONt L CL.9PORAnutv 

FLEMINGTON. N. J. 
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electronics is written and edited specifically to inform ...and, more difficult, 
to keep informed...the engineering minds that ultimately pace and guide 
the vast electronics industry. To this end, the electronics editorial staff 
scours the nation and the world to report all important developments in 
the areas of research, design, production and management. 

The result: must reading for anyone in these areas of the industry. 
Don't miss an issue; subscribe today, via the Reader Service Card in this 

issue, to 

electronics 

president in charge of engineering 
and research at Consolidated Sys-
tems Corp. 

George Mahn Joins 
Machlett Laboratories 

George R. Mahn has joined Mach-
lett Laboratories Inc., Springdale, 
Conn., producer of x-ray tubes, as 
chief engineer for that product line. 

Before accepting his new post, 
Mahn was senior engineer with 
General Electric Company's x-ray 
department. 

Holtum Assumes New 
Andrew Post 

ALFRED HOLTUM was recently ap-
pointed chief of the Andrew Cor-
poration Antenna Design Group. 
Holtum joined the Andrew or-

ganization in 1957 as chief engi-
neer of the company's California 
affiliate. In 1961 he was transferred 
to Chicago to head the company's 
Government Research and Develop-
ment department. 

LFE Electronics 
Names Rothstein 

JEROME ROTHSTEIN has been named 
to the new post of senior staff sci-
entist for LFE Electronics, Boston, 
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Mass. Reporting to the vice presi-
dent in charge of the Research di-
vision, he will participate in re-
search programs and be responsible 
for technical liaison with other di-
visions of LFE Electronics. 

Rothstein joins LFE from Maser 
Optics, Inc., where he was vice 
president and chief scientist in 
charge of basic and applied re-
search. 

PEOPLE IN BRIEF 

Kenneth W. Peterson promoted to 
mgr. of quality control at Pickard 
& Burns, Inc. Clyde F. Coombs, 
formerly with Hewlett-Packard, 
Inc., named quality assurance mgr. 
for the Berkeley div. of Beckman 
Instruments, Inc. William E. Par-
kins advances to mgr. of the Re-
search div. at Atomics Interna-
tional. Donald O. Schwennesen 
moves up to exec v-p of The Ar-
nold Engineering Co. Edward J. 
Bresnen, ex-Autonetics div. of 
North American Aviation Corp., 
joins Trimpot div. of Bourns, Inc., 
as mgr. of material. William 
Hedge, former engineer with En-
gineered Electronics Co., returns 
to the company as new products 
mgr. Three promotions within the 
electronics div. of Lockheed Mis-
siles & Space Co.: A. F. Gaetano 
named mgr. of microwave applica-
tions; Norbert J. Gamara, mgr. of 
electromagnetics research; and 
Lester L. Libby, mgr. of the de-
sign techniques dept. Harry M. 
Himeback, Jr., previously with 
Philco Corp., appointed chief en-
gineer for Semtran Instruments, 
Inc. Brian Dale leaves Transitron 
Electronic Corp. to become mgr., 
advanced device research, for the 
Semiconductor div. of Sylvania 
Electric Products Inc. Donald W. 
Brusch, ex-Fenwal Electronics 
Inc., hired by F&M Scientific Corp. 
as a research engineer. Alan G. 
Stanley from General Instrument 
Corp. to Transitron Electronic 
Corp. as mgr. of the Micro-Cir-
cuitry div. Univac ups George A. 
Hagerty to g-m of its new OEM 
dept. Franz C. McVay, formerly 
with Raytheon Co., joins Applied 
Technology, Inc., as senior engi-
neer. 

,ete 

QUALITY 
to the Nth Degree 

Fine Wire engineered to your require-

ments. Ultra-pure metals . Precise 
homogeneous alloys . . . Optimum 
physical and electrical characteristics 

. . . combine to give you the utmost 
in quality. Write for doto. 

let us quote on our requirements. 

CONSOLIDATED REACTIVE METALS. inc. 

115 Hoyt Avenue—Mamaroneck. N Y —0Wens 8.2300 
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AM • FM Tuner 

4to 

PLASTIC INSULATED 
VARIABLE CONDENSER 

Square Sizes 
1 5 mm , 1 7 mm., 
2 0 mm., 2 1 mm., 
Single band 
2 band, 3 band 
and for FM only 

A. M. CAPACITY : MAX., 371 PF 
TUBE: 6A98, I 2DT8, 1 7EW8 

SANKAISHA CO., LTD. 
Cable address. SANESVARICON TOKYO 
1425, 4-chome, Higashinakanobu, 

Shinagawa-ku, Tokyo, Japan. 

'EICOL® 
PUTS THE BEST IN 

CREATIVE ELECTRONICS 

INTO YOUR HANDS 

144., 

Send for 

FREE 
Catalog 

%Yet 14.,•••••41.ne 

'co 

28 pages of professional elec-
tronic equipment in kit and wired 
form—for Lab ...Line...Home 

EICO, 3300 N. Blvd., L.I.C. 1. N. Y. E-I I El 
D Send tree 32.page catalog 8. dealer's name. 

Send new 36-page Guidebook to 141 -FI for 
which I enclose 25g for postage & handling 

Name  
Address  

City   Zone_ State 

-E-7,t-—ee7o 3E3x0p0 N. 
ort Dept., Roburn Agencies 

  431 Greenwich Si., N.Y. 13, N. Y. 
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EMPLOYMENT OPPORTUNITIES 

electronics 
WEEKLY QUALIFICATION FORM 
FOR POSITIONS AVAILABLE 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

This Qualification Form is designed to help you advance in the elec-

tronics industry. It is unique and compact. Designed with the assistance 

of professional personnel management, it isolates specific experience 

in electronics and deals only in essential background information. 

The advertisers listed here are seeking professional experience. Fill in 

the Qualification Form below. 

STRICTLY CONFIDENTIAL 

Your Qualification form will be handled as "Strictly Confidential" by 

ELECTRONICS. Our processing system is such that your form will be 

forwarded within 24 hours to the proper executives in the companies 

you select. You will be contacted at your home by the interested 

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, 

Box 12, New York 36, N. Y. (No charge, of course). 

COMPANY SEE PAGE KEY 

ATOMiC PERSONNEL INC. 185 1 
Philadelphia, Penna. 

BELTONE HEARING AID COMPANY 67* 2 
Chicago, Ill 

CONN LTD., C. G. 185 3 
Elkhart, Indiana 

DOUGLAS AIRCRAFT CO. 173 4 
Missile 8 Space Systems Division 

PAN AMERICAN WORLD AIRWAYS INC. 66' 5 
Guided Missiles Range Div. 
Patrick AFB Fla 

SPERRY MICROWAVE ELECTRONICS CO. 185 6 
Div. of Sperry Rand Corp 
Clearwater, Florida 

SYLVANIA ELECTRONIC SYSTEMS—CENTRAL 185 7 
Williamsville, N. Y. 

P 1051 67* 

P 1082 67* 9 

' These advertisements appeared in the Nov. 23rd issue. 

An BB IMF BM in zeI us me summon Be In BM 'III III NB OM 

(cut here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
(Please type or print clearly. Necessary for reproduction.) 

Personal Background 

NAME   

HOME ADDRESS   

CITY  ZONE STATE  

HOME TELEPHONE   

Education 

(cut here) 

PROFESSIONAL DEGREE(S)   

MAJOR(S)   

UNIVERSITY   

DATE(S)   

FIELDS OF EXPERIENCE (Please Check) 

E Aerospace E Fire Control ri Radar 
E Antennas E Human Factors D Radio—TV 

ASW III Infrared E Simulators 
E Circuits D Instrumentation n Solid State 
E Communications D Medicine E Telemetry 

D Components E Microwave E Transformers 

E Computers D Navigation III Other   

D ECM E Operations Research 
D Electron Tubes E Optics tEl  
D Engineering Writing D Packaging E  

113062 CATEGORY OF SPECIALIZATION 

Please indicate number of months 
experience on proper lines. 

Technical Supervisory 
Experience Experience 
(Months) (Meath') 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 

SYSTEMS 
(New Concepts) 

DEVELOPMENT 
(Model) 

DESIGN 
(Product) 

MANUFACTURING 
(Product) 

FIELD 
(Service) 

SALES 
(Proposals & Products) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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ATTENTION RELIABILITY ENGINEERS 
SYLVANIA ELECTRONIC SYSTEMS—CENTRAL 

immediate openings for supervisory per-

sonnel and staff specialists, trained and 

experienced in the field of reliability. 

Recently acquired long term contracts in-

clude the improved ground electronics 

command and control system for the Air 

Force's Minuteman. 

GROUP HEAD—Reliability Research 6. Training 
Group 

to supervise and direct activities in the planning of 
reliability training for engineering organizations, 
auditing of reliability training of factory personnel. 
maintaining contact with national reliability 
organizations and providing consultation in the 
field of reliability mathematics. Minimum B.S.E.E. 
or Physics or Math equivalent. 8 Years engheer-
ing experience: at least three years in a reliability 
organization. 

GROUP HEAD—Projects Reliability Group 
to supervise and direct proposal contributions. 
failure processing and analysis, preparation of 
reliability program plans, formulation of maintain-
ability concepts. human factors engineering, re-
liability allocations and predictions and services 
to design groups. Minimum B.S.E.E. or Math 
equivalent required. 8 years engineering experi-
ence and a minimum of three years in a reliability 
organization. 

Direct inquiries in confidence to 
Robert E. Adman 

SYLVANIA ELECTRONIC 

SYSTEMS—CENTRAL 
1176 Wehrle Drive Williamsville, N. Y. 

AI Er] na I 0 npoltunity Employer 

has 

CIRCUIT ANALYST 

reporting to Head, Design Audit Group. will be 
required to perform detailed circuit analysis on 
designs to assure proper emphasis on reliability and 
make recommendations as indicated, chair and 
direct formal design reviews, build up documenta-
tion of reliable circuits, provide consultation in 
area of rel.r.b e design, audit projects to insure 
they are complying with reliability program plans. 
Minimum B.S.E.E. or Physics equivalent required. 
Ii years engineering experience: at least 2 years 
in circuit design or evaluation. Reliability ex. 
perience desirable. 

SENIOR RELIABILITY ENGINEER 

reporting to Head, Design Audit Group. will be 
required to present reliability contributions at 
formal design reviews, participate in auditing of 
factory pi cgrams from a product assurance point 
of view. participate in sur ey of subcontractors, 
aid in the creation of reliability practices appli-
cable to all projects. Minimum B.S.E.E. or 
Physics equivalent required. 3 years in engineer-
ing with reliability experience desirable. 

SENIOR RELIABILITY ENGINEER 
reporting to Head. Projects Reliability Group. 
Will be required to audit failu re processing and 
analysis on one or more programs, prepare re-
liability program plans, create maintainability 
concepts, derive reliability allocations and Pre-
dictions, provide coordination between project 
group and reliability organization. Minimum 
B.S.E.E. or Physics equi-alent required. 3 years 
in engineering work with reliability experience 
desirable. 

We ore loroted ten olden northeast of Buffalo in 
thr nirturenue suburban rillrtoe of Williamnrille. 
N Y 

SYLVANIA ELECTRONIC SYSTEMS 
Grnrrnment Sy...tents Management 

fOr- GENERAL TELEPHONE 'ELECTRON/CS 747.F) 

POSITION VACANT 

Electronic Engineer: University Staff posi-
tion. Must handle pulse, analog computer 
and DC amplifier design; supervise mainte-
nance of electron accelerator, T.O.F. mass 
spectrometer. Pleasant living conditions and 
climate. Salary $8,000. Write to DR. C. K. 
Mann, Chemistry Dept., Florida State Uni-
versity, Tallahassee, Florida. 

SELLING OPPORTUNITY WANTED 

Component Manufacturers—Are you third 
best line with your New England rets ? Want 
more effort and results? Your 10,000 line 
could be first with new electronic-mech. rep. 
firm org. by exp. 0.E.M., dist. man. B.S. 
degree-design-mfg-exp. Robert J. lioey Co., 
17 Orchard Dr., W. Acton, Mass. 

E. E.'s 
for FEE-PAID Positions 

WRITE US FIRST! 
Use our confidential application 
for professional, individualized 
service ... a complete national 
technical employment agency. 

ATOMIC PERSONNEL, INC. 
Sinte 12071, 1518 Walnut St., Phila, 2, Pa. 

ELECTRONIC ENGINEER 
OR (I,,,N DIVISION 

Isl,eded Electronic Design Engineer. 
Work involves electronic organ. 

Knowledge of transistor oscillators, amplifiers and 
printed circuit techniques required. Person with 
previous electronic organ experience preferred. AP-
SIiCants furnish resume. Salary open. 

C. G. CONN. LTD. 
1101 East Beardsley Ave. Elkhart, Indiana 

SEARCHLIGHT SECTION 
(Classified Advertising) 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 

OVER 2,000,000 

RELAYS 
IN STOCK! 

U Send for Catalog SS 

niversal RELAY CORP. 
42 WHITE ST ., N. Y. 3, N.Y • WA iker 5-6900 

CIRCLE 950 ON READER SERVICE CARD 

OSCILLOSCOPES 
And other types of Test Equip. 

Gov't. Surplus 
Send for Free Catalog to 

SELECTRONICS 
Dept. E. 1206 Napa St. Philadelphia. Pa. 

Tel: HO 8-4645 HO 6-7651 

CIRCLE 951 ON READER SERVICE CARD 
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FOR RESEARCH — DEVELOPMENT 
& EXPERIMENTAL WORK 

Over 10,000 different electronic parts: wave. 
guide, radar components and parts, test sets, 
Pulsars, antennas, pulse xmfrs, magnetrons. 
IF and pulse amplifiers. dynamotors, 400 cycle 
xrnfrs. 51,1 ant, pedestals. etc. 
PRICES AT A FRACTION OF ORIGINAL COST! 
COMMUNICATIONS EQUIP CO 
343 CANPL ST., N. Y. 13, WO 6-4045 

CHAS. ROSEN iFonierly at 131 Lihortv St.) 

CIRCLE 952 ON READER SERVICE CARD 

RADIO RESEARCH INSTRUMENT CO. 
AUTO.TRACK & TELEMETRY ANTENNA PEDESTALS 
3 6. 10 CM. SCR. 584 AUTOTRACK RADARS, 
AN TP5-10 SEARCH. AN TPS-10 HT. FINDERS, 
AN FPN-32GCA. AN APS-I 0 NAVIG. S. WEATHER. 
ON APS-158 PRECISION. AN APG-358 PRECISION, 
AN APS-310 SEARCH. DOZENS MORE. 
5-1.2 MEGAWATT HIGH POWER PULSERS. 

RADIO RESEARCH INSTRUMENT CO. 
SSO Fifth Ave. New York Judson 6.4601 

RADAR SYSTEMS & COMPONENTS! tiglitTrE 
CIRCLE 953 ON READER SERVICE CARD 

"NI 

ENGINEERS 
SCIENTISTS 
SPERRY MICROWAVE 
ELECTRONICS CO. 

seeks the creative engineer and 
scientist to become a vital part 
of a rapidly expanding Engineer-
ing Deportment probing the vast 
and challenging region of micro-
wave theory and technique. 
Openings exist for those men 
who have the imagination, re-
sourcefulness and sufficient 
background in the following 
OreCls. 

CIRCUIT DESIGN ENGINEERS 

E.E. or Physics grad. with 4 or more 
yrs. exp. in design of electronic 
circuits and sub-systems. Background 
in transistorized pulse, grating or 
I.F. circuit development is required. 

SENIOR SYSTEMS ENGINEERS 
To contribute to advanced techniques 
in the field of electronic instrumen-
tation. Should have at least 6 yrs. 
exp. including recent work in system 
analysis, synthesis, and integration. 
An advanced degree in E.E. is de-
sired. 

SENIOR 
APPLICATIONS ENGINEER 

B.S.E.E.-5 yrs. exp. in ferrites— 
solid state or related microwave 
fields. Must have experience in com-
mercial and military sales, sales 
objective forecasts, microwave com-
ponents. Must be capable of devel-
oping sales contacts, establishing 
sales objectives and meeting fore-
casts. 

APPLICATIONS ENGINEER 

B.S.E.E. or equivalent in experience. 
Minimum 5 yrs. exp. in sales cover-
ing military and commercial con-
tacts. Must be familiar with system 
instrumentation such as automatic 
check-out equipment for beacons, 
telemetry, etc., and spectrum sur-
veilance instrumentation. Must be 
responsible for establishing sales 
objectives and meeting forecasts. 

SENIOR 

RELIABILITY ENGINEER 

Career opportunity. Head up all en-
gineering aspects of reliability and 
coordinate other departments' ac-
tivities in this area. Perform reli-
ability analysis and MTBF predic-
tions. Cond 'cf design reviews, an-
alyze parts, failure reports and pre-
pare technical reports. 3 yrs. reli-
ability engineering experience on 
full-fledged reliability programs plus 
minimum of 2 years in circuit de-
sign, derating and redundancy tech-
niques, etc. Must have B.S.E.E. with 
suitable academic background in 
mathematics. 

RESEARCH 

A few unusually challenging open-
ings are available for individuals 
with Ph.D. or equivalent back-
grounds. 

•  

Master of Engineering degree (Uni-
versity of Florida) may be obtained 
locally under company-paid program. 

Contact: Mr. R. C. Carroll, 
Employment Supervisor 

SPERRY MICROWAVE 
ELECTRONICS CO. 

Division of Sperry Rand Corp. 

CLEAR WATER, FLA. 
Phone 855-3311 (Tampa) 
An equal opportunity employer 
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Toro CONES 

MANUFACTURERS 
OF VARIOUS TYPES 

OF SPEAKER CONES 

SPECIALLY 

SPIDER TYPE 

No 2-37, Nakano -cho, Sillyakojima-ku 

Osaka. Japan 

phone: Osaka (351) 7791 

Tokyo Office, 

No. 1-589. Totsuka-rnachi, Shin juku-ku 

Tokyo. Japan 

phone Tokyo 3411 3522 

TOYO CONEPAPER CO., LTD. 
CIRCLE 228 ON READER SERVICE CARD 

Crystals of all types and sizes, 
guaranteed to laser! 

In stock, hundreds of single crystals. 
All configurations (plain flat and parallel 
ends, TIR configuration, Brewster's 
angle). Optically corrected for lowest 
threshold, narrowest beam divergence. 

Extra slow grown and annealed for min-
imum strain. 

• NEW glass crystals w/2.00/c. Nie+ 
• NEW NPS1 super-uniform ruby crystals 
• Ruby rods up to 12" long • CaW04 
w/.5°A, Nd ,- up to 5" long • SrFa w/.1% 
Sa2+ • BaF, w/.5% or 
• CaF, w/.5% NcP+, or .1% Sa2+, or .05% 
Dy, , or .1% U,+. 

For full specifications and prices, con-
tact Adolf Meller Company, Box 6001, 
Providence 4, R. I. Tel: DExter 1-3717 
(Area Code 401). 

Synthetic Sapphires • Ruby Lasers & Masers 
Alumina Powder 

INDEX TO ADVERTISERS 

Audited Paid Circulation 

• AMP Incorporated   41 

Aerofiex Laboratories Inc.   145 

• Ainslie Corporation   108 

• Alladin Electronics   142 

• Allied Control Company, Inc  5 

American Machine & Foundry Co. 
Potter & Brumfield Div  111 

• Amperex Electronic Corp.  104, 105 

Ampex Corporation   22 

Angelica Uniform Co  164 

Arnold Engineering Co., The  112 Filtors Inc.   137 

• Art Wire & Stamping Co  118 Fluke Mfg. Co., Inc., John  45 

Eitel-McCullough, Inc.   6 

• Electrical Industries, Inc.   37 

• Electrodynamic Instrument 
Corporation   167 

Electro Instruments Inc.   171 

Electro Products Laboratories  177 

• Electronic Instrument Co., Inc. 
(EICO)   183 
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Automatic Electric  46, 47 
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Belden Manufacturing Co. 
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• Borg Equipment Division, Amphenol-
Borg Electronics Corp.   119 

Bourns Inc.  38, 39 
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Delco Radio  160, 161 

Douglas Aircraft Co.   173 
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Trygon Electronics Inc.   36 
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• Western Electric 
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Roanwell Corp.   114 

• Sanborn Company   109 

Sanders Associates, Inc.   50 
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• Southern Electronics Corp.   162 

Sperry Electronic Tube Div. 
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Tektronix, Inc.  28, 29 
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Atomic Personnel Inc.   185 

• Communications Equipment Co.   185 
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• Radio Research Instrument Co  185 

Selectronics   185 

Sperry Microwave Elec. Co  185 

Sylvania Electronic Systems   185 
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of Electronics Buyers Guide for complete line of 
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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 responsi-

bilities for errors or omissions. 

Stromberg-Carlson® 

TELEPHONE TYPE 
COMPONENTS 
for unfailing quality 

RELAYS 

wide range, for many electromechani-
cal switching applications. Send for 
Bulletin T-5000R3. 

KEYS 
ea 

many designs available in pushbutton, 
cam and twist types. Send for Bulletin 
T-5002R2. 

TELEPHONE 

HANDSETS 

lightweight high-efficiency models. 
Standard or with switch assemblies. 
Send for Bulletin T-5017R. 

Plus all other telephone switchboard 
components. For bulletins and more in-
formation, contact our nearest Sales 
Office. Atlanta: 750 Ponce de Leon 
Place N.E.; Chicago: 564 W. Adams 
Street; Kansas City (Mo.): 2017 Grand 
Avenue; Rochester: 1040 University 
Avenue; San Francisco: 1805 Rollins 
Road. 

GENERAL DYNAMICS 
TELECOMMIJNICATiciN 
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LeA_re4, 
InductionHeating's 

Most Trusted 
and Creative 

Craftsmen 
Since 
1926 

• 

HIGH FREQUENCY 

INDUCTION 
HEATING UNITS 
• BRAZING • SOLDERING 

So I • HEAT TREATING 
• ZONE REFINING 
• CRYSTAL GROWING 

• PLASMA TORCH 

Typical Applications 
WAVEGUIDE ASSEMBLIES 

INDUCTION BRAZED 

INDUCTION COIL 
COPPER TUBE 

BRAZING 
ALLOY 

_= -  PREPLACED z) 

BRASS 
FLANGE 

Induction brazing has proved to be an excel-
lent method for production assembly of wave 
guides. In the diagram, a rectangular copper 
tube is joined to a brass flange using a pre-
placed ring of brazing alloy. Uniform localized 
heating minimizes distortion. Induction braz-
ing produces consistently sound joints with 
smooth fillets. 

Free Application Engineering Service 

GLASS —TO— GLASS SEALS 

PRESSURE ,HEAVY COPPER 
3 / SUSCEPTOR SHIELD 

\\\\\\  GLASS BALD 

-HOYAR RING 
SUSCEPTOR 

INDUCTION COIL 

STEATITE FIXTURE 
GLASS BASE 

Holders for quartz crystals are sealed by 
induction heating in an evacuated bell-jar. 
A glass-coated kovar metal ring is used as a 
susceptor between bulb and base. Steatite 
nest, held in plate-type induction coil posi-
tions glass base, while spring-loaded copper 
block locates glass bulb and also provides 
pressure to cause plastic flow of glass after 
localized heating. In production, several 
crystals are sealed at one time. 
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NOW 
FROM 
SPERRY 

Megawatts at L band ... 

A megawatt or more at X band 

or in between 

TYPICAL TUBES FROM SPERRY'S MEGAWATT UNE 

Type 

Frequency 
Mc 

Bandwidth 
Mc (1 db) 

Peak Po 
MW 

Avg Po 
kW 

Gain 
db 

Joules/ 
Pulse 

SAL-305 1215-1365 150 12.5 60 36 375 

SAL-320 1300 * 20 60 50 600 

SAS-159 2856 * 25 24 50 62.5 

SAC-167 5400-5800 100 1.25 8 47 37.5 

SAX-151 9000-9500 500 1.0 10 40 30 

SAX-191 8830-9200 370 1.25 6 50 37.5 

For details on Sperry's broadband, high aver-
age power, phase linear, high pulse energy mega-
watt klystrons, write Section 168. Information 
about a wide selection of classified Sperry micro-
wave tubes is available with proper security clear-
ance and "need to know." Sperry is represented 
nationally by Cain & Co. 

sellY ELECTRONIC TUBE 
DIVISION 

SPERRY RAND CORPORATION 
GAINESVILLE, FLA. / GREAT NECK, N. Y. 

CIRCLE 901 ON READER SERVICE CARD 
*Fixed-tuned—optimized for linear accelerator service. 
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COLLECTOR CURRENT 

RCA EXPANDS ECONOMY SILICON LINE FOR 
LOW COST DESIGN FLEXIBILITY UP TO 150 WATTS 
Now, RCA adds 3 new types, 2N2338, 2N2339, 2N2270 to its 
line-up of low-cost silicon transistors at prices starting as low as 
comparable Germanium Power Types. 
Here's RCA's answer to today's value and performance requirements for 
industrial and military applications...a broad new economy line of silicon 

transistors. This low-cost, high performance line now includes three new 
types, 2N2338 and 2N2339, high and medium power types, respectively, 
and the 2N2270. RCA's new economy version of the "Universal" triple-
diffused planar silicon transistor type 2N2102. With these additions, 
RCA's economy silicon line now offers: 

• High dissipation ... up to 150 watts 
• Top performance at high temperatures ... up to 200°C 
• Wide-range beta control... up to 10 amps 

These low-cost silicon types are immediately available to bring you new 
economy and greater design freedom for industrial and military circuits 
demanding the reliability and performance of silicon transistors. 
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New RCA 2N2270 
Triple-Diffused Planar 

New 150-watt 
RCA 2N2338 

For new low prices call your RCA 

representative today. For FREE 

Technical Bulletin on RCA's Econ-
omy Silicon Line, write RCA Semi-
conductor and Materials Division, 

Commercial Engineering, Section 
IN11-5, Somerville, N. J. 
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