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Worker mounts scaffold to build wiring harness for a nuclear
submarine sonar system. Work table built into big harnessing
board is another time-saving production technique shown on p 84

A McGraw-Hill Publication 75 Cents
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/ FILTERS
All types for
i frequencies from
X .1 cycle to
N\ 400 MC.
N

PULSE
TRANSFORMERS

From miniatire block-
ing oscillator to
10 megawatt.

“ HIGH
COILS

Toroid, laminated, and
cup structires from
i -1 cycle fo 400 MC.
S\

.
-

SPECIALTIES

Saturab'e reactors,
reference transformers,
magnetic amplifiers,
combimed unit.

POWER
COMPONENTS

Standard and high tem-
perature . . . hermetic,
molded, and en-
capsulated.

olus
OVER 1,000
STOCK ITEMS
with UTC
High Reliability

) | 4
400 ~ telemetering, 3
db at 4 7.5%, 40 db
at 230 and 700 .
N6 x 1Y x 2

Waiund core unit .01 mi-
cro-second rise time.

Tuned DO-T servo ampli-
fier transformer, 400
- 5% distortion,

4

v -

¥ saturable inductor for

sweep from 17 MC
to 21 MC.

% "-‘b?}

‘(’

¥

Multl-winding 140 VA, 6
KC power transformer
1% % 1Va x 17

——e 3 rite for catalog

A

15 — BP fnlter 20 db at
30 -, 45 at 100
~~, phase angle at
CF ltess than 3° from
—40 to +100°C.

Pulse current transformer
100 Amp.

l"

&

»

Toroid for prmted circuit,
Q of 90 at 15 KC.

Voltage reference trans-
former .05% accuracy.

3

200° C, power transformer,
400 —, 150 VA.

LP filter within 1 db to
49 KC, stable 3,% .1 db

db at 55 XC

Pulse output to magna-
tron, bifilar filament.

98D
4

Dual toroid, Q@ of 75 al
10 KC, and Q of 320
at 5 KC.

Multi-con‘rol magnetic
amplifier for
airborne servo.

400 «~ scope transformer,
20 XV output.

The bulk of UTC production is on special units designed to specific cus-
tomers’ needs. Illustrated below are some typical units and some unusual
units as manufactured for special applications. We would be pleased to
advise and quote to your special requirements.

-y

1

)

LP filter fess than .1 db
0 to 2.5 KC, 50 db
beyond 3 KC.

Precise wave shape pulse
output, 2500 V. 3 Amgs.

ﬁ\

e

HVC tapped variable
inductor for 3 KC
oscillator.

Input, output, two tuned
mterstages. peaking
network, and BP
filter, all in
one case.

60 «~ current limiting
filament transformer,
Sec. 25 Mmfd.,

30 KV hipot.

UNITED TRANSFORMER CORP.

150 VARICK STREET, NEW YORK 13, N. Y.
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EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.
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Highest Quality

Top Reliability

Backed hy almost
thirty years of
pioneering in the

design & manufacture
of iron core components

]
You can stake YOUR reputation

on UTC products
Q

For UTC Product Information See Inside Front
Cover and Pages 1 and 2 of the 1960-1961
electronics BUYERS' GUIDE.




ELECTRIC WAVE

FILTERS

AIRCRAFT
BAND PASS
DISCRIMINATORS
HIGH PASS
INTERSTAGE
LINEAR PHASE
LOW FREQUENCY
LOW PASS
TELEGRAPH
TELEMETERING
ULTRAMINIATURE

HIGH Q COILS

TOROIDS
TAPPED TOROIDS
LOW FREQUENCY

L DECADES
VARIABLE
TAPPED VARIDUCTORS
MINIATURE

MAGAMPS

HIGH GAIN
SATURABLE REACTORS
SERVO MOTOR

REACTORS

FILTER-AUDIO
CHARGING

TRANSFORMERS

ADJUSTABLE VOLTAGE
BIAS
BOOSTER
BRIDGING
CHOPPER
CURRENT LIMITING
DRIVER
FILAMENT
HIGH TEMPERATURE (Class “'S")
HYBRID
INPUT
INTERSTAGE
ISOLATION
LOW CAPACITY
MATCHING
MIXING
MILITARY STANDARD
MINIATURE POWER
MODULATION
MOLDED
OUTPUT
PHOTOFLASH
PLATE
PLATE TO LINE
POWER
PRECISION REFERENCE
PULSE
SIGNAL
STEP DOWN
THREE PHASE
TRANSISTOR
TRANSISTOR INVERTER
TRANSISTOR SUPPLY
ULTRASONIC
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Here is BORG’S new direct-reading

DIGITAL MICRODIAL

Available in
Digit illumination 5 standard colors
in white or red light

Finger-tip brake

Curved window

. e Fluted adjustment knob
for wide-angle viewing

for sure grip

7

1.5 magnification ' : , '/\l% inch diameter

for greater readability y {shown actual size)

000 through 999

in exactly ten turns G )

dust, moisture

Packed with solid features to make it
your best Turns-Counting Dial buy!

Now comes the greatest turns-counting dial ever . . . the all new Borg 1330 Series Direct-
Reading Digital Microdial! Look at these features: new exterior design . . . internal i
illumination in white light or red light for dark adapted environments . . . five standard
colors: red, white, black, dark gray, light gray . . . non-standard colors on special order

. clear or color anodized aluminum adjustment knob . . . 000 through 999 counts in
precisely ten turns . . . curved window for wide-angle viewing is a lens featuring 1.5
magnification . . . sand, dust and moisture sealed to meet military specifications. Enter
Borg’s new Microdial contest by sending us your name and address today. All winners
receive copies of 1330 Microdial catalog sheet BED-A164! There will be no losers.
Borg Equipment Division, Amphenol-Borg Electronics Corporation, 120 South Main Street, '
Janesville, Wisconsin. Phone Pleasant 4-6616.

SERE T T SeEs| BORG, i i

Write for complete Engineering Data ' . . or see your local BORG Representative

WMicropot Potentlometers e Turns-Counting Microdials @ Sub-Fractional Horsepower Motors © Frequency and Time Standards
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Typical response curves indicating the various shape factors available in standardized Burnel Crystal Filters « peviation
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amut in crystal filters

BURN CRYSTAL FILTERS NOW COVER FULLEST RANGE YET POSSIBLE\
PR 1 kc to 30 mcs

To its notable achievements in advancing the electronic arts,
Burnell & Co. now adds another—the development of moderately
priced high attenuation crystal filters covering the extraordinary
range of 1 ke. to 30 me. This represents a range many times broad-
er than previously thought praecticable. In addition, the Burnell
Crystal Filter line now includes several types heretofore con-
sidered impossible.

More than 15 years research, development and experience are
represented in the designs illustrated in the response curves
shown. Burnell & Co. has taken crystal filters out of the luxury
class in applying its experience to their design and manufacturing
without inecurring developmental and engineering costs.

Whether vour crystal filter needs are for standard units or
those engineered to center frequency, band width, selectivity and
impedance level, call on our Crystal Filter Division for quick
delivery Send now for Crystal Filter Catalog, XT455. \

PACIFIC DIVISION {
DEPT. E-40 ‘

720 MISSION ST. !
SOUTH PASADENA, CALIF.|

EASTERN DIVISION

DEPT. E-40
10 PELHAM PARKWAY
&) PELHAM, N. Y.

PELHAM 8-5000 MURRAY 2-2841
PIONEERS N microminiaturization OF TOROIDS, FILTERS TELETYPE PELHAM 3633 TELETYPE PASACAL 7578

& RELATED NETWORKS Mfd. in Canada by Edo (Canada) Ltd., Cornwall, Ont. » WEllington 2-57741

COPYRIGHY 1060
DUANELL 8 CO.. INC
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CROSSTALK

U.S. ASTRONAUT Virgil Grissom

(left), shown in the Mercury cap-

sule trainer at Cape Canaveral, Fla.,

may be the first man to go into

orbit. Any of the other six astro-

nauts might also be first. However,

the first man may not be American
. at all, but a Russian.

The Soviet Union saw the propa-
ganda value of “man-in-space” be-
fore we did. Consequently they’ve
worked toward that goal longer.

Regardless of who is first,
Mercury is a going concern. It is
the first American manned space
effort and it will be followed by

many more. Design and construction of the Mercury system will be fin-
ished 18 months after it began. This in itself is a major accomplishment.

Future systems will require greater capabilities and more sophis-
tication.

The Mercury system is in one sense a prototype of systems to come.
For a comprehensive description of how the Mercury ground tracking
and communications system works, and how later systems will be modi-
fied, see Associate Editor Mason’s exclusive article and photographs,
beginning on p 30.

NATIONAL SCIENCE FOUNDATION is urging all scientific and tech-
nical information centers to cooperate in a survey being conducted by
Battelle Memorial Institute for NSF. The survey is intended to locate
all information centers in the U.S. serving the physical and life sciences
and technologies, and to collect facts relating to their activities and
services.

Survey results will be used to prepare a national directory of informa-
tion centers and “to relate the activities of the centers to the total U.S.
scientific and technical information program.”

Information on location, subject coverage, scope of collection, types of
services available and so forth, will be gathered by questionnaire. NSF
would like any information center to send its name and address to W. H.
Bickley at Battelle, 505 King Ave., Columbus I, 0.

Coming In Our October 14 Issue

CRYOGENICS. At least two avenues of research are being pursued by
computermen in their push toward higher speeds—microwave components
(ELECTRONICS, p 77, Nov. 20, 1959) and cryogenics. The interest in
cryogenics is based upon the development of superconducting devices such
as the thin-film cryotron (ELECTRONICS, p 39, April 17, 1959, and p 55,
Jan. 29, 1960). These devices give promise of high-speed switching
and storage capabilities in computers of reduced size.

In our next issue, D. R. Young of the IBM Research Laboratory in
Poughkeepsie, N. Y., reviews the principles of superconducting devices
and shows how they can be used to form actual computer circuits. You'll
learn about the operation of the thin-film cryotron and some of the
problems in designing cryotron switching and storage circuits. Young’s
article also describes some of the latest cryotron construction techniques.

electronics




AVAILABLE NOW
IN MASS
PRODUCTION

« the highest r-f operating

frequency
the fastest switching time

cadmium junctions for cooler
operation, greater reliability

storage temperatures up
to 100°C

YOU CAN GET SPRAGUE*
MADT°TRANSISTORS AT SENSIBLE PRICES

Sprague Germanium Micro-Alloy Diffused-Base
Transistors, well-known for their rugged vhf perform-
ance, are now priced below other transistors with com-
parable electrical characteristics. In many areas, this
permits designers to improve circuit techniques with-
out necessarily increasing costs. Expanded production
facilities enable us to ship quantity orders on short notice.
Add to this their wl/fra-fast switching time, and you
have three good reasons why Sprague MADT® Transis-
tors have achieved their high level of acceptance.

With Sprague Transistors, circuits in vhf amplifiers
and oscillators can now operate with collector cur-
rents as high as 50 ma ... with power dissipation up
to 50 mw .., with collector to base voltages to 15 v.
They have been application tested through the entire
military electronics vhf spectrum.

The application table may well suggest the use of
one or more Micro-Alloy Diffused-Base Transistor
types in your latest circuit designs.

For complete engineering data on the types in which

*Sprague micro-alloy, micro-alloy diffused-base, and sur-
face barrier transistors are fully licensed under Philco
patents, All Sprague and Philco transistors having the
same type numbers are manufactured to the same spectfi-
cations and are fully interchangeable.

SPRAGUE COMPONENTS:

MICRO-ALLOY DIFFUSED-BASE
TRANSISTOR APPLICATIONS

Type Application

2N499 Amplifier, to 100 mcs

Ultra High Speed Switch

2N501 (Storage Temperature, 85 C)
Ultra High Speed Switch
2N501A (Storage Temperature, 100 C)
2N504 High Gain IF Amplifier
2N588 Oscillator, Amplifier, to 50 mes

you are interested, write Technical Literature Section,
Sprague Electric Co., 35 Marshall St., North Adams,
Massachusetts.

You can get off-the-shelf delivery at factory prices on
pilot quantities up to 999 pieces from your local Sprague
Industrial Distribuator.

SPRAGUE"

THE MARK OF RELIABILITY

CAPACITORS « RESISTORS » MAGNETIC COMPONENTS ¢ TRANSISTORS ¢ INTERFERENCE FILTERS ¢ PULSE NETWORKS

HIGH TEMPERATURE MAGNET WIRE o

Qctober 7, 1960

CERAMIC-BASE PRINTED NETWORKS o

PACKAGED COMPONENT AS.SEMBLIES |
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accuracy

on all
ranges

_\y,__/

For the first time, accuracy of
=+1 percent is now available in
multi-range Panel-Mounting
Electronic Voltmeters (PMEV’s)

Metronix offers two such in-
struments: Model 300-1 for DC
measurements and Model 311-1
for AC measurements.

Model 311-1

These instruments, like all Me-

tronix PMEV’s, also offer these

familiar advantages:

e Continuous monitoring of criti-
cal parameters

e Minimum panel space —no
larger than the meter itself

o Maximum reliability

e Easy adaptability to special
needs

Call, wire or write for data sheets. We welcome
inquiries on special voltage monitoring problems.

) METRONIX, inc.

\772\)—] subsidiary of Assembly Products, Inc.

Chesterland, Ohio
Telephone: HAmilton 3-4440Q
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COMMENT

Electronics Probes Nature

May I congratulate the editors
of ELECTRONICS on the comprehen-
sive and clear coverage of the field
of electronics in your article “Elec-
tronics Probes Nature” (p 53, July
29) ? 1 was happy to contribute to
this, but I did not expect that when
I read it I would find the other
articles more interesting to me than
my own contribution. This is, you
understand, an unusual experience
for an author.

I am hoping to use reprints of
your article in some of my
classes. . .

CHARLES H. HAPGOOD
KEENE TEACHERS COLLEGE
KEENE, N. H.

.. . I think you have done an ex-
cellent job with this report and that
you are indeed to be congratulated.

First of all, I am quite impressed
with the idea of the report itself.
I feel that all too often important
and glamorous military and indus-
trial applications of electronics are
emphasized to such a point that the
valuable contributions electronics is
making in man’s understanding of
the universe are overlooked.

I am sure that it must have been
a gigantic task to even gather the
material and I am somewhat
amazed that you could put so much
information in such usable form
into such a relatively small space.
I can assure you that we are de-
lighted to have Varian included in
such a fine report. . .

P. McKIBBEN
VARIAN ASSOCIATES
PaLo AvTO, CALIF,

Heat Sink Calculations

The article appearing in the Aug.
5 issue of ELECTRONICS on ‘“Tran-
sistor Heat Sink Calculations” (p
66) references a graph from the
“Motorola Silicon Zener Diode
Handbook.” This graph is taken
from the Motorola applications note
number 3 “Temperature Control of
Power Transistors,” and plots heat-
sink area as thermal resistance. For
bright aluminum, the equation
8 = 32.6A " was determined ex-

perimentally for a particular tran-
sistor mounted on a specific heat
sink operating under special condi-
tions. Motorola cautions “any equa-
tion or curve is a specific example
and does not necessarily apply to
another specific problem.”
Rule-of-thumb equations for the
relationship of area to thermal re-
sistance for bright aluminum are
60 = 2384 " deg C/W; 8 = 2504
and 2054°"". When plotted, all of
these equations are very close.
Transitron’s Forced-Air Rectifier
Cooling Curve for free air is the
equation 4 = 2504"*. Since the
results of calculations using these

equations are theoretical, they
should serve only as estimates.
Power, temperature level and

mounting conditions enter into the
effects of the heat sink. Actual tests
should be run under worst foresee-
able conditions to determine the
temperatures.

I bring this up because the calcu-
lation in the article used the maxi-
mum rating for the junction tem-
perature of the transistors, leaving
no derating for reliability for those
transistors with the highest dissi-
pation. If the heat sink designed is
inadequate, the maximum junction
temperatures of the transistors
would be exceeded . . .

ARON HOFFMAN

PHILcCO CORP.
PHILADELPHIA

Author Greenbaum replies:

(Reader Hoffman is) quite right
in questioning the use of the maxi-
mum junction temperature in the
illustrative example. As pointed out
in the article, a safe value of junc-
tion temperature for each transis-
tor should be selected. This tem-
perature will be less than the maxi-
mum junction temperature for the
particular transistor. It should be
noted, however, that the use of 85 C
as the junction temperature is quite
safe considering that there are
many germanium transistors avail-
able with maximum junction tem-
peratures of 85 C and 100 C.

MYRON GREENBAUM

PoOLARAD ELECTRONICS
LoNG IsLAaND CITY, N. Y.
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Minlaturization . | . techniques used result in significant

Now available for evaluation
reductions in volume and weight, with densities up to

For customer evaluation, CBS Electronics offers 2,000 bits per cubic inch. Conventional wiring frame and
a working 16-bit sample memory cube. Its “new- most hand wiring are eliminated.
concept’’ design features plastic-encapsulated ferrites

w A
o0 000OCOENOOS

UNIQUE PACKAGING OFFERS MANY FEATURES

Uniformity . . . the "ONE" outputs of the 16 bits in the test

a'nd dep°§ited conductors, resu}ting in compactness, cube reach amplitudes within =5% of each other.

light weight, and shock resistance never before

achieved. Envgon_rgenttgl .. .':mpr?qut'temperature& r:jumidity, shock

. 3 and vibration characteristics are (o] ed, t Su-

. CheFk the fe?tureS, unique construction and tech- lation techniques emp|c|>yed haveprrwwadverg: e?fne(i:atg oun

nical information. Order the CBS M-267 sample the ferrites.

memory cube from stock . . . nominal charge $50.00.

Evaluate for yourself, firsthand, the benefits of its

advanced design. TYPICAL OPERATING CHARACTERISTICS

CBS M-267 at 40°C

3
\ AMBIENT T = 40°C .
S 20 T = o w0k
s T Td = 3usec “‘\’/ _;2,
CUSTOMﬂEn e 22 = 16 2000
e B ~ s - 2
SYSTEMS &
e - - s >
= = = / \ g‘
Sos b2 el 100 2
é - S~~~ ~ e
After your evaluation of the M-267, CBS 0.4 ol il S 50 E
Electronics can supply development facilities for a
custom-designing memory systems for your mili- o 5 -
tary computer requirements. This typical CBS o 450 s 650 -
customized memory pack, a multi-aperture, DRIVE CURRENT - mA

nondestructively-sensed, word-organized sys-
tem, achieves a density of 15,456 bits in less than
23 cubic inches. Other CBS custom designs in-
clude nondestructive readout memories and
ferrite logic systems. The ferrite cores in the
memories meet a wide range of requirements for
signal output, switching time, and current drive.

CBS ELECTRONICS, Danvers, Massachusetts, A Division of Columbia Broadcasting System, Inc.
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This new, inexpensive @plug-in lets you

Still more versatility for 524 series counters!
Order the measuring capability you
need now—later add other plug-ins to
increase counter usefulness.

dp 525A Frequency Converter —-N
$250.00, extends counter range to 100 MC bc

0OMC-with

Simple operation with

plug-ins —high sensitivity—
ideal for telemetering,

mobile, production,

general purpose measurements

Now @& offers a completely new, 500
MC plug-in — materially improving
the versatility and usefulness, as well

& 525B Frequency Converter
$250.00, extends range to 220 MC

1S HEADQUARTERS FOR ELECTRONIC COUNTERS

Standard of the industry for frequency, period, phase and time interval measurement — accurate,

dependable, versatile, economical!

4 524C/CR ELECTRONIC COUNTERS (shown above)

Measure to 10.1 MC individually, to 500 MC with plug-ins, to
18 KMC with external accessories*. The & 524C/CR also meas-
ures time interval 1 usec to 100 days or period 0 cps to 100
KC, automatically, directly, without tedious calculation or
interpolation. Big, bright in-line readout. Maximum resolu-
tion 0.1 usec; stability 3/108 short term and 5/108 per week.
High sensitivity, high impedance, & 524C (cabinet —shown
above) $2,300.00; & 524CR (rack mount) $2,275.00.

é 524D/DR Electronic Counter

Offers electronic features identical to those of & 524C/CR
except that it has eight-place neon columnar readout. & 524D
(cabinet) $2,150.00; & 524DR (rack mount) $2,125.00.

*with &) 5408 Transfer Oscillator and & P932A Waveguide Mixer

CIRCLE 8 ON 'READER SERVICE CARD

f 523CR
ELECTRONIC
COUNTER

@

‘; 'sz:l' 'G :@—e* -A: ‘.‘
10 cps to 1.2 MC with new 0.1 v sensitivity. Bright in-line
readout. Measures time interval 1 usec to 106 sec and period
0.00001 cps to 100 KC and phase angle. Stability 2/10¢ per
week. Improved circuitry prevents triggering by unwanted
signals, noise. Results appear in seconds, msec, usec or KC
with automatic decimal. & 523CR (rack mount) $1,485.00.

4 523DR Electronic Counter

Offers electronic features identical with those of # 523CR
but has six-place neon columnar readout. % 523DR (rack
mount) $1,285.00.

electronics



COUNTER ACCURACY !

as frequency range, of popular & 524
series 10 MC electronic counters.

Combined with the & 524C 10 MC
counter, for example, the 525C plug-in
offers measurement with high sensi-
tivity to 500 MC yet retains measure-
ment accuracy and even increases
resolution at high frequencies. Also
preserved are 524C measuring ease,
digital recorder output capability and
its big, bright in-line display.

Specifications & 525C

Range: Counter converter, 100 to 500 MC; counter
amplifier, 50 KC to 10.1 MC. Direct connection for
0 to 10.1 MC.

Accuracy: Retains accuracy of 524 Counter.

Registration: 9 places, 1st two on converter dial,
next 7 displayed by counter.

Input Voltage: 20 mv rms min., 50 KC to 10.1 MC;
100 mv rms min., 100 to 500 MC.

Input Impedance: Approx.700 ohms, 100 to 500 MC.
Price: & 525C, $425.00.

& 526A Video Amplitier
$175.00, increases sensitivity to 10 mv

-

i

& 5268 Time Interval Unit
$176.00, for time interval measurement
1 usec to 107 sec.

& 526C Period Multipiler
$225.00, increases period measuring accuracy
with 100, 1,000, 10,000 cycle multiples

Popular & 522B/BR measures fre-
quency 10 cps to 120 KC, period
0.00001 cps to 10 KC, time interval 10 usec to 105 sec.
Reads direct in cps, KC, seconds, milliseconds. Time base
stability 1/10° per week; counts automatically, resets, action
repetitive, Applications include measurement of production
line quantities, nuclear radiation, power line frequencies,
very low frequencies, and, with transducers, a wide array
of physical quantities and phenomena. & 522B (cabinet)
$915.00; & 522BR (rack mount) $900.00.

OQ_ 0
# 522B/BR
ELECTRONIC & 521
COUNTER INDUSTRIAL
COUNTERS

# offers five Model 521 counters, all use-
ful in measuring frequency, random events

— per unit of time, and, with transducers,
speed, rps, rpm, weight, pressure, temperature, etc. Direct
readings, display time variable or “hold”; four instruments
cover frequency range 1 cps to 120 KC; the fifth measures
to 1.2 MC. Two models with big, bright, in-line numeric
readout, three with columnar neon display. Prices, $475.00
to $875.00. Cabinet and rack mounts available.

Data subject to change without notice. Prices f.0.b. factory.

See your nearest % representative or write direct for information, demonstration of any % electronic counter,

HEWLETT-PACKARD COMPANY

1053 A Page Mill Road Palo Alto, California, U.S.A,

Cable “"HEWPACK” DAvenport 6-7000
Sales repr t ipal areas

in all pri

October 7, 1960

HEWLETT-PACKARD S. A.
Rue du Vieux Billard No. 1 Geneva, Switzerland
Cable "HEWPACKSA” Tel. No. (022) 26. 43. 36
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ADVANCED DESIGN POWER TRANSISTORS FROM CLEVITE

Three new lines of germanium power transistors by
Clevite feature new advances in controlled gain spread,
fully specified collector-to-emitter voltage characteristics
and low current leakage — even at maximum voltages
and high temperatures.

The new 8 ampere swilching series can be used to
replace the older, more costly ring-emitter typesin 3 to 8
ampere service.

The new 25 ampere swilching type offers excep-
tionally low saturation voltage and is available with
either pin terminals or solder lugs.

The new Spacesaver design not only affords im-
portant savings in space and weight, but its significantly
improved frequency response means higher audio fidelity,
faster switching and better performance in regulated

power supply applications. Its low base resistance gives
lower input impedance for equal power gain and lower
saturation resistance, resulting in lower “switched-on”
voltage drop. Lower cut off current results in better tem-
perature stability in direct coupled circuits and a higher
“switched-off”” impedance.

CLEVITE NOW OFFERS THESE COMPLETE LINES

Switching Types Amplifier Types

5 ampere 2 watt
8 ampere
15 ampere 4 watt
25 ampere 2 watt Spacesaver

3 ampere Spacesaver
All Clevite germanium power transistors are designed
for low thermal resistance, low base input voltage, low
saturation voltage and superior current gain.

For latest data and prices or application assistance, write for Bulletin 60 . . .

A DIVISION OF

CLEVITE
CORPORATION

10 CIRCLE 10 ON READER SERVICE CARD

Reliability in volume . ..

CLEVITE TRANSISTOR

254 Crescent Street  Waltham 54, Mass.  Tel: TWinbrook 4-9330

v——
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ELECTRONICS NEWSLETTER

Soviets May Launch
Mars Probe Soon

SOVIET UNION may be planning to
loft a space probe to Mars any day
now. The present period is the most
favorable for such a try (Oct. 1 was
the best date). Another such period
will not occur until Nov. 16, 1962.

The astronomical conditions will
continue approximately through
October.

Scientists at National Aeronautics
& Space Administration admit thev
wouldn’t be surprised if the Soviets
made the attempt: the USSR has
already demonstrated that its
rocket capability is adequate for
such a shot., NASA savs.

Possibility is reinforced by an
article in Moscow’s Economic Ga-
zette last week in which space ex-
pert G. Pokrofski discussed the
problems currently facing Soviet
scientists in planning a spaceflight
to Mars or Venus. He said that the
principal obstacle is radio appara-
tus small enough and powerful
enough to provide reliable com-
munications between the earth and
the probe.

Pokrofski went on to sav that
automatic devices will precede man
into space, adding “it is already
possible in principle to send an
automated station to the vicinity
of Mars or Venus and send back
hetter photographs than were taken
of the Moon’s reverse side.”

Meanwhile, Vladimir Timakov of
the Soviet bMedical Academy dis-
closed that a would-be astronaut is
undergoing training in the Soviet
Union, Only one candidate was
mentioned (the U. S. is training
seven) ; he is a spare citizen of less
than medium stature, probably a
jet pilot.

Microwave Relays
Control Swiss Radars

MICROWAVE RELAY LINKS are being
installed at two Swiss airports to
permit remote control and monitor-
ing of air-route surveillance radars.
Operators will be able to control
and monitor more than 70 radar
functions with a time lag of less
than 0.1 sec.

October 7, 1960

The radars were produced by
Raytheon for Radio Suisse S.A,,
will be operated from control cen-
ters at the Geneva-Cointrin and
Zurich-Kloten airports. Raytheon
Canada will install radar transmit-
ters and receivers for Geneva-Coin-
trin atop 5,000-ft Mt. LaDole, 16
miles away from the airport site.
For Zurich-Kloten, a concrete strue-
ture 60 ft high will be built on a
hill seven miles distant. Range of
the 4,000-Kw sets at Geneva-Coin-
trin will be in excess of 200 miles
for large craft. 160 miles for the
smaller jets.

Control system uses an encoder-
decoder that is both signal con-
verter and memory device. D-¢
signals resulting from switch posi-
tioning at the operator’s panel are
converted into a telegraph code.
Coded messages are transmitted to
the radar site, reconverted into
operational voltages. These voltages
activate the relays whose contacts
repeat the positions of the originat-
ing switch. thus controlling radar
operations. Memory capability per-
mits the encoder-decoder to accept
a series of signals from the opera-
tor. execute them in sequence ac-
cording to operational priority.

Optical Sensor Reads
480 Numerals a Second

OPTICAL CHARACTER READER has been
developed by IBM to work into its
1401 computer. The sensor can
read the ten numerals and three
special characters as produced in
the IBM 407 type font. This font
is used by IBM’s model 407, 308
and 409 accounting machines. 1403
printer. or electric typewriter
equipped with the right tvpebars.
The reader can also handle the elon-
gated 407 font (seven rather than
ten characters to the inch). which
is used by many credit-card im-
printers; or it can be equipped for
mark-reading.

The model 1418 reader converts
the numerical data into machine
code, feeds it to the magnetic-core
storage of the 1401. It can at the
same time sort the documents.

The 1418 handles one size of
document at a time, can be adjusted
to handle documents in the range

i in. by 5% in. to 33 in. by 8% in,,
from 0.0035 in. to 0.007 in. thick.
It reads up to 480 characters a sec-
ond from any given line on the
document. Only one fixed line can
be read by a reading head, of which
the machine may have as many as
two. Machine speed is up to 400
documents a minute depending on
the width of the documents and the
number of characters to be read.
The 1401 program controls the
number of characters sensed by
each head and switches, if neces-
sary, from head to head.

Service Firm to Buy
Giant-Sized Computer

COMPUTER SERVICE BUREAU C-E-I-R
of Arlington, Va.. will install a
giant IBM Stretch syvstem in 1962
in its Los Angeles Research Center.
The Stretch, which is said by IBM
to be 15 times faster than the
IBM709, will be able to execute
about 2 million instructions a sec-
ond, up to 75 billion computations
in a day. C-E-I-R plans to use it
for all sorts of problems, ranging
from aerodynamic design computa-
tions to stock margin calls.

The system’s program-interrupt
feature will permit the machine to
put aside a long, low-priority job
to handle a special task that re-
quires immediate attention. C-E-I-R
figures that the computer can be
tied into clients’ offices and plants,
and to other company-owned re-
search centers, by data link.

High-Pressure Research
Continues on Materials

STUDY OF ELECTRONIC materials un-
der high pressures got an added
boost last week as MIT’s Lincoln
Laboratory solid-state division set
up experiments with a tetrahedral
press which will create pressures
of 3.5 million psi. Pressure will be
maximized, flexibility minimized.
Subjects for research will include
insulators, dielectrics, magnetic
materials and semiconductors. Goals
are to synthesize new materials,
find out what happens to defects
structure of normally grown mate-
rials when subjected to extreme
pressures, measure changes in elec-
trical properties and observe solid-
state transformations.

1



Advanced microwave

from MELABS

seasoned microwave designers and builders
NEW! L Band and 400 MC Circulators

Lightweight, compact 3-port circulators,
10% bandwidths. Conveniently sep-
arates input, output terminals of para-
metric amplifier to increase gain-band-

width and stability.

Mode! X-101A, L Band

Model X-127, 400 MC

Model X-101A Modza! X127
SPECIFICATIONS Frequency—fixed tuned: 1300 to 1500 mC 380 to 420 MC
Insertion loss: 1 db max. 1 db max.
Other modeis available with similar character- at bf]r‘ld center: 0.5 db m.ax' 0.5db m.ax'
istics from 360 to 3000 MC; also turfable units to Isolation: 15 db min. 17.db min.
cover 25% bandwidth. Can also be supplied at band center: 20 db min. 24 db min.
with electromagnet for high speed switching VSWR: 1.3:1 1.3:1
applications. at band center: 1.1:1 11:1
Size, including connectars: 312" diam. 52" diam.
- Weight, approx.: 2 Ibs. 4 Ibs.
Price: $400.00 $400.00

UNIQUE! Band separation filfers. wodeis x-121122/123 three-port fiters can separate
the 1 to 12 KMC spectrum into octave bands. They permit two or more broadband
receivers to be connected to a single very broadband antenna with a
minimum insertion loss and high isolation between receivers. Two or more
of the models can be combined as shown in the photo.

Model X-121 Model X-122 Model X-123
Input frequency range 1to 12 KMC 4 to 12 KMC 1 to 4 KMC
Output frequency ranges: 1 to 4 KMC 4 to 7.5 KMC 1 to 2 KMC

4 to 12 KMC 7.5 to 12 KMC 2 to 4 KMC

PLUS these precision microwave components:

Melabs isolators include millimeter
wave ferrite models, 66 to 73 KMC;
miniaturized ferrite S-band isolators
(only 312" long, including connectors),
2,700 to 3,100 MC; resonance absorp-
tion radiometer and telemetry band
devices, 1,330 to 2,360 MCS; broadband
load isolators covering, collectively,
3.95 to 40.0 KMC without tuning.

Melabs directional couplers provide
uniform coupling over a 2:1 fre-
quency range, are available for
frequencies from 0.5 to 8.0 KMC,
can be built to your specification on
special order.

Melabs untuned broadband coaxiat
mixer Model M-3 with high conversion efficiencies covers 0.5 to 11 KMC.
Melabs also offers blockers designed for dc and low frequency
isolation of both inner and outer conductors.

Write today for information on these
and other Melabs microwave components.

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

- Emptoyment opportunities at Melabs are exceptional for ambitious
engineers and physicists. Write in confidence.

(pronounced MEL-LABS) - Dept. E7, 3300 Hillview Avenue

Palo Alto, California - DAvenport 6-9500
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exact duplication
PRODUCES TOTAL RELIABILITY

Infinitesimal Mechanical Variation due to Exclusive Automation Processes

[lees Exclusive Glass Alkyd Molded Permanence

Jfilecs Exclusive Full Silver Coverage on Contact Surface

egaaés NEW CTS NON-DRIFT COMPACT SELECTOR SWITCHES

Formerly manufactured by Trolex Corporation, now a part of CTS. 14" diameter 12-position indexed

rotary switches are designed primarily for low power exacting military and commercial RF, VHF and UHF
circuit applications. Series 212 surpasses MIL standards.

LONGER LIFE CONTACTS

o Drift virtually eliminated by molding ter-
minals into exact, immovable, perma-
nent position in stator, entirely by ma-
chine . . . making all switches identical
in each production run. Machine exacti-
tude replaces human error and varia-
tions, eliminating the wider tolerances
characteristic of hand assembly.

e Delicate switch parts are not exposed to
breakage; many parts are not even han-
dled.

o Superior insulation due to repetitive ex-
actness in terminal spacing and molded glass alkyd material.

e Heat from soldering cannot loosen terminals.

o Natural design barrier prevents solder from flowing into circuit
elements during soldering.

—_‘

n”

‘l’

NOW! NEWLY TOOLED CLUSTER
AND 3-FINGER CONTACTS

Molded glass alkyd stator won't break or crush during ordinary 1
handling or it accidentally dropped. Terminals cannot be dis-

. lodged or moved. Both stationary and movable contacts are en-

closed tor additional safety and handling convenience.

OTHER FEATURES

¢ Series 212 is available in numerous combinations with CTS variable resistors and power snap switches.
¢ Condensed assembly. Wafers can be stacked adjacent to each other. No spacers required.
¢ Non-toxic combustion fumes—an important advantage in submarire or similar closed space applications.
¢ Exclusive balanced detent mechanism has 2 dissimilar detent forms for definite feel
and long pull in,

=’\\ ® o New balanced lever arm and star wheel detent assembly free from end and side
— thrust for extremely long life and accurately controlled torque. Optional at extra cost.

Founded




Maximum reliability is
/.4 built into every foot of
677/ “Foamax” — Royal’s

// new Foam Dielectric

. Cable, manufactured

= to meet highest qual-

S i ity and performance
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ROVYAL ELECTRIC CORPORATION
301 Saratoga Avenue
RHODE ISLAND

PAWTUCKET -
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WASHINGTON OUTLOOK

DEFENSE DEPARTMENT is pushing plans to beef up the nation’s satellite
detection system.

Two sets of three stations each now watch the skies for satellites. Each
consists of a radar transmitter and two receiving stations. One is cen-
tered at Gila River, Ariz., with its western ear at San Diego. Calif. The
other transmitter is at Jordon Lake, Miss., with its eastern ear at F't.
Stewart, Ga. The result is a transcontinental fence—with a gap in the
middle: each trio of stations can cover a 500-mile front, can detect satel-
lites with reasonable certainty only if they’re less than 500 miles up.

A new high-powered transmitter is slated for installation near Wichita
Falls, Tex., to plug the gap in the fence. It will be considerably more
powerful than the two existing transmitters, but the Pentagon won’t say
how much farther out the new radar will be able to see. The other trans-
mitters are also likely to be replaced by more powerful units soon.

A north-south fence is also under consideration. Space experts differ
on the need for such a facility. Theoretically, the east-west fence will
detect any satellite launched above 32 deg N, which would include Soviet
launchings. But a north-south fence could materially reduce detection time.

NAVY is taking its fight against unification of the services to industry,
spelling out its views in terms of dollars and cents to contractors.

The pitch is this: increased unification of the services would mean con-
solidation of procurement and centralization of research and development.
This, the Navy says, could result in reducing the number of defense
contractors.

When each of the services buys its own goods or contracts for its own
R&D, Navy’'s argument goes, each service can go to as many companies
as it chooses. If just one agency handles all contracting, it will naturally
cut the number of suppliers.

Navy has long opposed the Pentagon pressure towards greater unifica-
tion, which to the admirals means a downgrading of the naval role.
Political platforms of both parties have heightened the Navy’s fears. Both
platforms mention a need for defense reorganization leading to more
unified control.

Navy is particularly worried about the Democrat intentions, since Sen.
Stuart Symington (D., Mo.)—a former Air Force Secretary and a long-
time advocate of unification—is a key advisor on defense matters to the
Kennedy camp.

TOP-BRACKET BRITISH ECONOMIST Geoffrey Browne has given Washington
his assessment of the long-range impact of European economic integration
on U. S. business.

His view is that Europe’s economic boom and internal trade rivalries
are a mixed blessing for U.S. exports and U. S.-owned plants overseas.
He cites electronics as one area in which U.S. producers and exporters
will be faced with stiffer competition as a result of economic integration.

Browne says that technologica! advances on the continent will result in
substantially increased competition between European enterprise and
U. S. producers in Europe, in third markets such as Latin America and
Asia, and within the U. S. market as well.

NATIONAL AERONAUTICS & SPACE ADMINISTRATION is designing a “stand-
ard” space vehicle—both satellite and launcher—which could perform a
wide variety of scientific experiments and eliminate custom-tailoring.

Most of the fabrication work is being done in-house by the agency. The
satellite is expected to be ready in another year or so. NASA’s plan is to
standardize all equipment needed for lofting the satellite and feeding
back information.

Payloads for the standard satellite—dubbed the “space bus”—will run
a ton or so. NASA officials figure it will allow them to cut time and cost,
conduct space probes almost on a production-line basis. As scientists come
up with proposals for experiments, the plans will be pooled with other
evperiments and scheduled on the next “bus.”

electronics
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symbol of precision

It's a simple matter for today's computer to extend the accuracy
of the symbol 7 to a fantastic 10,000 decimal places and beyond,
thanks to such advances as solid-state electronics. Thus the symbol
7 is a logical name for Precision’s new all-solid-state instrumenta-
tion tape recorder, which has dramatically extended performance
levels to literally twice those of ordinary magnetic tape instruments.
The Precision 7 recorder offers:

previously obtainable with con-
ventional recorders

for a given length of tape—as much

data on a 10% inch reel as previously on a 14 inch reel Open door view of 7-channel
) machine, showing loaded tape
HIGHER reliability, LOWER flutter, LESS magazine which can be inter.

maintenance changed in 5 seconds.

Write for your copy of Bulletin 59, which describes the new Pre-
cision 7 Recorder, based on the thoroughly tested and field-proven
design of the FIRST all-solid-state instrumentation tape recorder,
the Precision PS-200 Series.

Rear view of 14-channel re-
corder whifch weighs f""éé?s
. . ounds, fits in on
10l Commercial Street San Carlos, California ?nches of r:—acsk space.y .

Phone LYtell 1-444) TWX Scar Bel 30
Cable: PRINCO, San Carlos, Calif.

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD



new
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WER
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2 new 60-volt, 2 new 80-volt

ACTUAL SIZE

NOW, FROM DELCO RADIO, A COMPLETE LINE OF SMALL, HIGH-POWER TRANSISTORS!

A These four new Delco transistors, plus the 2N1172 40-volt model,
9N1172 [ 2N1611 | 2N1612 | 2N1609 | 2N1610 offer highly reliable operation in a new range of applications where
space and weight are restricting factors.

oo 60 60 80 80 Designed primarily for driver applications, Delco’s versatile new
20 20 20 40 40 transistors are also excellent for amplifiers, voltage regulators,
servo amplifiers, miniature power supplies, ultra-low frequency
30 40 40 60 60 communications, citizens' radio equipment and other uses where
substantial power output in a small package (TO 37) is required.

1.5 A g 15 A
Special Features of Delco’'s Four New Transistors: Two
100 u a 100z a gain ranges. Can be used on systems up to 24 volts. Can be
mounted with the leads up or down with the same low thermal
50/125 50/125 resistance of 10° C/W. Dissipation up to 2 watts at a mounting

base temperature of 75° C.

0.6V 0.6V

Available in volume production. Write for full engineering data.

Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan LCO
1180 Raymond Bivd. 726 Santa Monica Blvd. 5750 West 51st Street 57 Harper Avenue ; EPENDABILITY
Mitchell 2-6165 EXbrook 3-1465 POrtsmouth 7-3500 TRinity 3-6560 D I
ELIABILITY
Division of General Motors + Kokomo, Indiana
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AlSiMeg ceramics actual si=

.AISiMag pioneered the custom manufacture
of ceramics for modules and for micromodules
and has long been known for its leadership in
precision ceramics in small sizes and thin cross
sections. Long experience has helped produce
miniature and sub-miniature ceramics to toler-
ances generally associated with fine metal work.

Uniformity of material and dimension is neces-
sary to reach goals of micro-miniaturization.

AlSiMag ceramics are playing their part in in-

A Subsidiary of |
Minnesota Mining and
Manutacturing Company

W

-  ——~y — - . =
- .
\_/ » 7 ° ]
e Mechanical and Electrical Properties of
4 AlSiMag Alumina Ceramics 393, 548, 614
.
i P °
PROPERTY ALSIMAG 393 | ALSIMAG 548 | ALSIMAG 614 \
)
.
. 12 to 18 14 to 17 0.00 -
WatergAbsorption Highly Porous | Highly Porous Impervious P
e
o Specific Gravity 24 24 3.7
Density .087 .087 - 0.135
Softening T " 1 800 2 050 1 650
] Snma_smperatyure 1272 3722 3 002
»
. Safe Temperature at 1 400 1 600 1 550
- o [_Continuous Heat 2 552 2 912 2 822
Hardness —_ ——— 9
Y Thermal Expansion 60x10°° 69x10° 65x10°
- Linear Coefficient 72x10° 8.2 x10°° 79x10°
© 1 Tensile Strength p—— ———— 25 000
Compressive Strength 30 000 10 500 400 000 P
. 1 Flexural Strength 10 000 8 000 60 000
Resistance to Impact
’ pac
®, | (12" rod) 30 30 70 .
Thermal Conductivity
(Approximate Values) 008 004 e A
. Dielectric Strength = \
) (step 60 cycles) 50 50 230 { .
Test discs 14" thick 3 [
>|°u >|°n >‘°n %
25°C. |— PN [} By ram :
| o 5.0x 10 >10 20x10
5) Volume 100°C. {— N.0x10% o 11 x10% .
o Resistivity | 300°¢. [ 1.0x10™ > A&
. at Various | 500°C. 75x10" | 10x10" | 73x10° ]
2 Temperatures | 700°C. | 36 10° 2.7 x 10° 35x10° &
° . v
o 00 56x10° 8.0 x 10° 6.8 x10°
Te Valu 835 1 000 840
Ox P : 1535 1832 1 544 ()
60 Cycles | — — =
. Dielectric 1 MC. 55 i
Constant 100 MC. 53 —_—— .
10,000 MC. R —— 91 "
60 Cycles — ——— Sm———
Power 1 MC. _-0005_ | 0005 | 0003 L ™
Factor 100 MC. .0005 —— e
10,000 MC. | ____ = 0014
60 Cycles | - 1 ===
Loss 1 mc. 003 0028
Factor 100 MC. .003 e A .’
10,000 MC. | 013 .
. 1 3
These are the most frequently used AlSiMag .
. arQ q . i L ]
ceramic compositions for small or thin designs. "

Other AlSiMag formulations are available to
meet highly specialized requirements. For ad-

vice on such requirements give operating details.

creasing reliability of these components and in greatly reducing
sizes of sub-miniature electronic components.

Even the close tolerances required in vacuum tube insulators and
spacers are maintained in these AISiMag microminiature ceramics
without grinding. Tubes with walls as thin as .010”" and flat
shapes as thin as .005" are produced regularly.

These precision ceramics are widely used as electron tube com-
ponents . . . supports, spacers, envelopes, windows .and as
micromodule wafers, transistor bases, relay components, etc.




EIMAC 4KM?70,000LA and 4KM70,000LQ

. KILOWATTS

POWER OUTPUT..

PREVIOUSLY AVAILABLE POWER

400

600

FREQUENCY ... MEGACYCLES

NOW...25KW AT 400-985 MEGACYCLES WITH
EIMAC KLYSTRONS USING BeO RF WINDOWS

Eimac fills an important gap in the power vs. frequency
chart with the introduction of the 4KM70,000LA and the
4KM70,000LQ. These new power-amplifier klystrons de-
liver minimum CW output of 25 kilowatts with a narrow
band gain of 50db at frequencies from 400 to 985 mega-
cycles. That’s improved performance and higher power in
this range than previously available.

The reason: these new ceramic and metal tubes are
manufactured with windows of beryllium oxide—the
amazing insulating material recently introduced by Eimac
for vacuum tube use. It breaks through thé problem of

18 CIRCLE 18 ON READER SERVICE CARD

providing greater power-output capabilities in high power
microwave tubes such as these by dissipating ever larger
amounts of heat in dielectrics used as rf windows.

The 4KM70,000LA is designed for use at frequencies
between 400 and 610 megacycles and the 4KM70,000LQ
at frequencies between 610 and 985 megacycles. You’ll find
these tubes ideal for troposcatter communications and

UHF television applications with an Eimac = _
Klystron Amplifier Circuit Assembly to W
cover the specified frequency range. Eitel-

McCullough, Inc., San Carlos, California. i

electronics




“Right on target again!”’said Hoyt Warren

“What's on target?” we asked, setting up our lights and camera.

“This entire run of RCA-5814-A industrial twin triodes checks out perfectly—
right in the middle of the specified range values,” said our Quality Control chief.
“Hey! Have you got STAR in your photograph?”

“STAR?” we asked as we focused on the 5814-A in his hand.

“This equipment here. It’s the Special Tube Analyzing Recorder,” said Hoyt.
“It’s the equipment Quality Control uses for automatic tube analysis.”

“But every single RCA tube is factory-tested down in the plant,” we protested
shifting lights for dramatic effect. “Do we have to test them again?”

“Absolutely,” said Hoyt. “While the factory conducts initial tests, here, with
our STAR equipment, we actually measure mu, rp, Po, Ib, gm and other charac-
teristics at several points along the tube’s performanée cérves. These tests are
made on every run of tubes, and after various periods of life testing.”

“Interesting,” we said. “Now look serious and let’s have that tube a little higher.”

?

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA

®

Sample pages of recorded test data provided by
the Special Tube Analyzing equipment. Pre-pro-
grammed auvtomatic tube anclysis Lke this yields
the large volume of data necessary for strict quality
control and assures a degree of accuracy unattain-
able in tests subject to human error.

RCA ELECTRON TUBE DIVISION—FIELD OFFICES
DETROIT 2, MICH.,714 New Center Bidg., TR 5-5600
NEWARK 2, N. J,, 744 Broad St, HU 5.3%00
CHICAGO 54, ILL,, Suite 1154, Merchandise Mart
Plaza, WH 4-2900 = LOS ANGELES 22, CAL., 6355
E. Washington Blvd.,, RA 3-8361 * BURLINGAME,
CAL., 1838 El Camino Real, OX 7-1620
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SPRAGUE HYREL FB
TYPE 404E

HYREL’ FB

DEPOSITED CARBON RESISTORS

UNMATCHED FOR
PERFORMANCE

.. . hermetically sealed in ceramic jackets
against moisture and vapor . . . safely
protected against mechanical abuse.
The Hyrel FB series is intended for
applications in military, commercial and
telephone equipment where fong life
under high humidity, small size,
and stability of electrical characteristics
are important.

WRITE FOR ENGINEERING BULLETIN 7010B

SPRAGUE ELECTRIC. COMPANY

35 Morsholl Street, North Adoms, Moss.
Made to far exceed MIL-R-10509C Specifications

SPRAGUE

THE MARK OF RELIABILITY
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FINANCIAL ROUNDUP

Litton Earnings Up 50 Percent

AFTER-TAX earnings of about
$7,450,000, or a 50-percent increase
over the comparable earnings of
$4,954,031 from operations in the
previous year, are announced in a
preliminary report of Litton In-
dustries 1960 fiscal year by C. B.

Thornton, president and board
chairman. The earnings reported
are after provision for about

$7,750,000 for federal and foreign
taxes. Per-share earnings for the
4,158,602 shares of common stock
oustanding came to about $1.75 for
the year. Per-share earnings in
the last fiscal year, adjusted for a
two-for-one stock split in Novem-
ber 1959, were $1.33. Sales for the
1960 year were approximately $185
million, a gain of almost 50 percent
over the preceding year.

Gertsch Products, Inc., Los An-
geles manufacturer of precision
electronic instruments, recorded a
20-percent profit drop on a 27-per-
cent increase in sales for the fiscal
year ended June 30. Sales came to
$2,907,545 compared with $2,277,-
056 in fiscal 1959. However, net
earnings were $160,710, equal to
5.5 percent after taxes or 50 cents
per share on 318,783 outstanding
shares. In 1959 earnings were
$201,085 or 63 cents a share.

Telecomputing Corp., Los Angeles
sales for the nine-month period
ended July 31 this year increased
to an all-time high of $38,219,830
as profits dipped 69 percent. Sales
in the same period a year ago were
$28,465,412. Funds spent on engi-
neering and development
amounted to $1,475,000 more than
expended in the previous year.
W. R. Whittaker, TC president
says this accounts for the decline
in earnings for the nine-month in-
terval to $417,955, or 12 cents a
share on 3,413,591 average com-
mon shares outstanding.

Figures reported in 1959 were
$1,355,144, equal to 46 cents a share
on 2,811,236 shares when a special

federal tax credit of $246,000,
or nine cents a share was
available.

Siegler Corporation, Los Angeles,
reports its most successful year in
company history with earnings of
$3,201,023, an increase of 45 per-
cent over 1959. This was equal to
$1.71 per share on the 1,871,595
common shares outstanding. In
fiscal 1959, profits were $2,203,022,
or $1.36 per share on 1,624,815
shares. The 15-percent rise in the
number of outstanding shares is
due to the issuance of 122,343
shares in merging Magnetic Am-
plifiers, Inc., with Siegler, the dec-
laration of a 4-percent stock divi-
dend and the conversion of
outstanding debentures. Sales for
this fiscal year were $84,095,002,
nine percent above last year.

Electronic Engineering Company
of California, Santa Ana, reports
consolidated sales of $1,665,000 for

25 MOST ACTIVE STOCKS

WEEK ENDING SEPTEMBER 23, 1960

SHARES
(IN 100’s) HIGH  LOW CLOSE
Gen Tel & Elec 1,495 8, 2 21V

Gen Dynamics 1,377 39% 33 My
Avco Corp 1,197 143% 14 14v4
RCA 1,006 56 534 54

Univ Controls 991 187% 16va 1614
Ampex 919 28 25, 5%
Gen Electric 883 78 75 75Y2
Westinghouse 759 50% 481 48%
Sperry Rand 739 21V 20% 20%
Litton Ind 652 5% 0% 7%
Int'l Tel & Tel 634 39 37 383
Gen Inst 591 e B Uy
Texas Inst 534 187 177% 177%
Varian Assoc 531 45% 41z 43%
Elec & Mus Ind 484 e 6% 658
Standard Kollsman 462 22% 21 21
Avnet Electronics 452 22 18% 18%
Beckman Inst 433 N1, 85%  86l2
Zenith 408  120%a 114% 115%
Motorola 372 728  66Y%a 672
Raytheon 349 3% Y2 34
Victoreen Inst 348 15% 1312 14

Philco Corp 345 2%  2lva  21%a
Loral Electronics 333 86% 784 79

Cenco 313 49y, 45 48V

The above figures represent sales of electronics
stocks on the New York and American Stock
Exchanges. Lis:in§s are prepared exclusively for
EreeTrONiCcs by Ira Haupt & Co., investment
bankers.

NEW ISSUES PLANNED

No. Price
Shares per Share

Ameco Electronic 100,000 $3.00
Dubrow Electronic 100,000 3.00
Electro-Science Invstrs. 772,000 e
Metcom Inc. 100,000 o
Pacific Electro Magnetics 60,000 5.00
Tech-Ohm Electronics 99,833 3.00

* to be announced

electronics



the 25-week period ended June 26
this year. Sales for the three-
month period ended the same date
were $1,020,000. Company presi-
dent B. Dempster says, “Although
the company earned a profit of
$27,500 during the second quarter,
this amount was not able to offset
the loss sustained in the first quar-
ter. For the six-month period from
January to June, 1960 the firm
showed a net loss of $43,000 as
compared with a net income of
$58,000 for the first six months of
1959.

Dorsett Electronics Labs., Nor-
man, Okla., announces acquisition
of two electronics companies:
Electronics Organ Arts Inc., Los
Angeles, and Electronics Inc., lo-
cated near Denver, Colo. The two
acquisitions involved a total of ap-
proximately 12,000 shares of pre-
viously authorized but unissued
Dorsett common stock. About the
same number of shares was in-
volved for each of the newly ac-
quired companies.

The Electronics, Inc., acquisition
also calls for a nominal amount of
cash.

American Electronics, Inc.,, Los
Angeles, reports sales and earn-
ings in the first half of 1960 as
increased. For the period ended
June 30, this year, net sales were
$13,416,022 compared with $8,672,-
693 in the previous year. Net op-
erating income at mid-year 1960
amounted to $264,991, or 30 cents
a share on 877,708 shares.

A year ago, the figure was
$226,406, which amounted to 26
cents per share on 873,572 common
shares then outstanding.

United Industrial Corp., New York,
reports distribution to stockhold-
ers of shares of its holdings in
Aircraft Armaments and U. S.
Semiconductors. Included in the
distribution were about 53,000
shares of AA and approximately
106,000 shares of U. S. Semi-Con-
ductor.

Distribution was made out of the
parent company’s ownership of
600,000 shares of Aircraft Arma-
ments and one million shares of
U. S. Semiconductor.

October 7, 1960
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UED's soundlyconceived and salidly-hulit systems and com-
ponents can help solve your design problems. Data sheets,
test reporis and technical consuliat on on request. Write or call:

MU 2-1134

SY ©-7161
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RELAX! Just select the

power output, bandwidth.

everything else you need

and radiation tolerance...

Telephone today! New York, W1 7-4065. .. .Boston, DE 2-7122....Washington, EX 3-3600....Chicago, SP 7-1600....Dallas, Rl 7-4296....

(ACTUAL SIZE)

7462
RF-amplifier triode

7486

RF oscillator-mixer triode

7296

VHF-UHF low-power triode,
shown with mounting bolt

7625
High voltage-gain triode

7266
VHF-UHF detector diode

Developmental, broadband,
40,000-G, triode

7077
RF-amplifier triode




right frequency, function,
(G-E Ceramic Tubes have
ruggedness...temperature

high gain...low noise.

Los Angeles, GR 9-7765, BR 2-8566....San Francisco, DI 2-7201....Or call your General Electric Industrial Tube distributor.

Pagress /s Qur Most Important Produer

__NERAL ELECTRIB;,‘“




50, sec. to 90 sec.

Square, Triangular, Sine
0.01 cps to 2000 cps

GENERATOR

Through unique design, the Parabam
Model P-1 Pulse-Waveform Genera-
tor provides virtually transient free
square, triangular and sine waves
plus variable length pulses. Has suffi-
cient output to drive power tran-
sistors and relays, electrohydraulic
valves and other units directly from
the output terminals. Applications...
test and development of servomecha-
nisms, computers, input-output
devices and geophysical equipment.

MODEL P-1
SPECIFICATIONS
® Waveforms: Sinusoidal, square and
triangular.

® Frequency: continuously variable in 10
ranges ... 0.01 cps to 2000 cps.

® Frequency stable within 1%.

® Pulse length continuously variable from
50 sec to 90 seconds.

® Pulse amplitude...0 to 60 volts, 200
milliamps max. current.

® Rise/Fall time approx. 2u sec.
® Cabinet or rack mounted.

WRITE TODAY —

for Technical Bulletin No. 660-6 on
the P-1 Pulse-Waveform Generator,

PARABAM, INC.

13000 YUKON AVENUE
HAWTHORNE ¢ CALIFORNIA
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MARKETING

1959 RADIO SALES HIGHEST
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Factory Sales of Radios
1949 -1959 i
(in millions of dollars)

1
49 50 51 52 53

Source: BOSA, Electronics Qivision

AN EIGHT PERCENT dollar increase
in factory sales of radios and radio-
phonographs can be expected this
year, according to Business and De-
fense Services Administration,
Electronics Division. Demand for
new types of equipment—f-m
radios, transistorized table models
and the newly introduced f-m auto
radio—should push sales to 17 mil-
lion units valued at $460 million.

Information comes from a new
BDSA report “Radios: U. S. Pro-
duction and Foreign Trade, 1949-
1959”. An exceptionally complete
report, it provides five and ten-year
records of both dollar and unit
radio sales broken down into fac-
tory sales, U. S. apparent consump-
tion, U.S. imports and exports by
four major radio types. It is avail-
able for a nickel from U. S. Gov-
ernment Printing Office.

The report shows that factory
shipments of radio receivers and
radio-phonographs reached a new
record high for the decade last
year, despite increased foreign com-
petition and shrinking exports.
Sales totaled 16 million units valued
at $423.8 million, a 23-percent dol-
lar increase over 1958, topping the
previous peak for the decade—15.8
million units valued at $398 million
—set in 1950,

Biggest stride in 1959 was made
by auto radios, up 30 percent from
a recession-year low of $101.8 mil-
lion in 1958 to $132.6 million in

1959, and nearly one and a half
times the value sold in 1949,

At present, competition from im-
ports is negligible, since foreign
makers are unable to design fast
enough to meet annual restyling in
U.S. automobiles, BDSA reports.
But the new f-m auto radio is de-
signed for mounting below the in-
strument panel, and imports of this
type may increase.

Sales of home radios (including
radio receiver chassis), which
sagged with the advent of televi-
sion, have revived in recent years.
In 1959 home radio sales reached
their highest point in three years
—5.6 million units valued at $98.3
million.

Radio-phono sales last year
totaled $99.2 million—highest value
of the decade. Sales have been ris-
ing at an average annual rate of 33
percent since 1954,

Portable radios also hit the high
point of the decade in 1959, despite
competition from imported tran-
sistor radios. They totaled slightly
more than 4 million units valued
at $93.7 million, or nearly three
times the 1949 value. Unit sales
have been rising steadily since 1951
at an average rate of 11 percent
annually.

Import growth in the last six
years has been dramatic. Report
shows that the total number of
radios imported in 1959 was 233
times the 1953 figure. The 1959 im-

electronics



IN DECADE

ports totaled 5.8 million units
valued at $69.7 million, or about 14
percent of U. S. consumption. About
94 percent of imported radios, or
5.5 million units valued at $55
million, were Japanese transistor
radios.

Radio-phono imports have also
increased sharply, from 2,000 in
1953 to 110,000 in 1959. Radio-
phonographs accounted for about
two-thirds of the value of West
German imports, estimated at about
265,000 units worth $13.5 million.

Radio exports, however, have de-
clined steadily since 1949, when
464,000 units valued at $13.6 mil-
lion were shipped overseas. In 1959
only 289,000 units valued at $7.7
million were exported. Only radio
group to show an increase in 1959
was auto radios, up 20 percent from
53,414 units in 1958 to 64,057 units
in 1959. But value was down 6 per-
cent from $1.9 million in 1958 to
$1.8 million in 1959,
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LATEST MONTHLY SALES TOTALS

(Source: EIA)

(Add 000)
July June Change From
1960 1960 One Year Ago
Rec. Tubes, Value $28,810 $29,065 ~— 3.3%
Rec. Tubes, Units 34,883 33916 — 4.2%
Pic. Tubes, Value $13,898 $15,505 — 51%

Pic. Tubes, Units 682
Transistors, Value $18,084  $27,342 +15.8%
Transistors, Units 7,071 10,392 +17.3%

October 7, 1960
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BY STANLEY M. INGERSOLL, Capabilities Engineer
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Report No. 12
TV 2020 Ejectable Vane Angle of Attack Transducer

Precision built for stringent missile applications, the self-powered
TV 2020 provides an AC output proportional to the direction of
air flow surrounding a vehicle. The ejectable vane, an optional
feature, is affixed to the shaft by calibrated shear pins. It may
be ejected by a minimal explosive charge contained within the
vane and initiated by an electrical impulse. A heater within the
metal of the vane itself makes it invulnerable to icing. The vane
arm, shaft and counterweight structure of the TV 2020 are stain-
less steel and its stable case and structure are cast aluminum.
Silicone oil of relatively low viscosity is used as the damping
medium. The vane arm is interchangeable and will work with
any transducer of the TV 2020 type.

Typical Performance Specifications

Angular Range ................. +15°

Electrical tnput ................ 115 volts at 400 cps

Electrical Qutput ................ 0.3 volts rms 400
cps per degree

Total static error (max.) ......... Between +-7.5° and
—17.5° +0.15°
between +-7.5° and
+15° +0.45°
between —7.5° and
—15° +0.45°

Operating Mach Number Range ... 0.2 to 7.0

Operating Temperature Range ..... —54° to +4-125°C,

Heater:
Power Requirements ............ 250 watts
Operating Voltage .............. 28 volts DC

Size:
4%” diameter of mounting
flange 4 deep
Total Weight ......... tesesanas 3 Ibs., 5 oz,

LINEAR TRANSFORMER
115V 400~ Low [A | NPUT__BLACK-WHITE
H5V 400 o HiGH | B |INPUT__ RED-WHITE 1
Clorur-Low neue Vi
D |-UTPUT=HIGH Low 3}

EJECTION CaRTRnGE | _ (gl o
“ S IOk

FIPING CUHREN
30 AMPS 4™ 20y b |+ F | e
G ]
| '
tH ?
HEATERS  -28V OC | J CRAV-YELLOW 4}
+28V. 0C (K GRAY-BLLE )
L] i
OESCEEEE

ANGLE OF ATTACK
TRANSDUCER

SCHEMATIC DIAGRAM

For more information and complete operating specifications, write
or wire SM/I today. Address your inquiry to Stanley M. Ingersoll,
Capabilities Engineer.

SERVOMECHANISMS/INC.

Los Angeles Division
12500 Aviation Boulevard
Hawthorne, California

——— )
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BUSS fuses can h

elp protect

your product and it’s reputation for quality

You get double protection when
you specify BUSS fuses.

First, BUSS fuses are designed
and manufactured to give maximum
electrical protection.

But it doesn’t stop there.

Every BUSS fuse is carefully
tested in a sensitive electronic de-
vice that automatically rejects any
fuse not correctly calibrated, prop-
erly constructed and right in all
physical dimensions.

This is your assurance that BUSS
fuses will operate as intended.

Second, BUSS fuses help protect
your reputation as a quality manu-
facturer. A fuse that opens prema-
turely causes a needless shutdown.
Likewise, one that doesn’t function
properly may cause other compo-
nents to burn out or be damaged.
In either case, it’s an annoying
headache for the customer who
buys your equipment. More often
than not, he will blame your prod-
uct for his trouble.

With dependable BUSS fuses, you
need have no worries that faulty
fuses will give your product a bad
name. That’s why it makes good
sense to specify BUSS fuses.

For more information on BUSS
and FUSETRON small dimension
fuses and fuseholders . . . Write for
bulletin SFB.

BUSSMANN MFG. DIVISION
McGraw-Edison Co.
University at Jefferson, St. Lovis 7, Mo.

1060

BUSS FUSES ARE MADE TO PROTECT -
NOT TO BLOW NEEDLESSLY

BUSS MAKES A COMPLETE LINE OF
FUSES FOR HOME, FARM, COM-
MERCIAL, ELECTRONIC, ELECTRICAL,
AUTOMOTIVE AND INDUSTRIAL USE.

26
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WITH
HUGHES
SILICON ,
CAPACITORS //

: /

new ways to design new things

® Hughes silicon capacitors have opened new vistas for design engineers. m No longer must a tuned circuit
be hobbled to a bulky mechanical tuner and a rigid shaft. Hughes' tiny, lightweight, voltage-controiled capaci-
tors allow flexible tuning, remote tuning, multiple tuning. They give a considerable saving in weight and
space. B Now hi-fi's can be tuned from any room in the house. Car radios can be mounted in trunk or firewall
and controlled from both seats. Pushbutton tuning can be designed even into pocket radios. m The rugged
semiconductor devices can also be put in parallel with conventional capacitors to control the total capacity
of such systems as automatic frequency controls, FM modulators, and adjustable band-pass filters. m If
you're looking for new ways to design new things, get the full story on silicon capacitors. Call the Hughes
Semiconductor sales engineerin your area. Or write Hughes Semiconductor Division, Marketing Department,
500 Superior Avenue, Newport Beach, California.

For export, write Hughes International, Culver City, California.

Specifications

| | TYPICAL CAPACITY [ TYPICAL Q TYPICAL Q
CAPACITY 320%| MAXIMUM RANGE (0.1V TO (@ SMc ANO (@ 50 Mc ANO l .
TYPE (@ —4VO00C) | VOLTAGE | MAXIMUM VOLTAGE) | MAXIMUM VOLTAGE) | MAXIMUM VOLTAGE) Creating & new world with ELECTRONICS
1| e e e e e e e e e m me-———- - -
1N950 3Bpt  [130VDC |  6to 88 pf 360 3 | B
1N951 50 pf 80 VDC 12 to 120 pf 330 36 ! 3
1N952 70 pt 60VDC | 20to170pf | 270 30 ' HUGHES .
| TN953 100 pf 25 VDC 46 to 240 pf 200 23 : -:
| 1Ng54 3%pf | 25VDC | 14to 88pf 175 20 e
NS5 50pf | 25VDC | 2210120 pf 175 20 raonts mcasrs e,
| 1Ngs6 L 70 pf 25VDC | 3210 170 pf 175 20 |

Operating temperature range: —65°C to +150°C,

CIRCLE 27 ON READER SERVICE CARD CIRCLE 28 ON READER SERVICE CARD —>



MASS PRODUCTION FACILITIES

WHEN IT COMES TO TESTING SHELTERS.....

Progrss ine Systoms packaging.. o the Ml e

Qualification testing of Craig shelters is unquestionably proven by worldwide
operation — from the Arctic to Brazil, to Lebanon and Formosa — with a
superior record of reliability and performznce in over 5000 shelter systems.

Each new shelter design is first tested according to the specifications.
This step is followed by destructive testing to see exactly how much
punishment the shelter will take.

We actually drop it from a helicopter, dump it from a truck, hammer
it, freeze it, heat it, even drown it. We wind up with a precise measure
of reliability, above and beyond specification interpretation — extra reliability
that's part of every piece of Craig equipment.

As a result of continuing test programs, we've been able to deveiop
basic improvements in shelter design: lighter, stronger prefabricated paneling;
better shock and vibration protection; lighter, more flexible foam ducting
for air conditioning, heating, and sound absorption; better RF shielding,
made from aluminum and poured-in-place foam.

In short — greater reliability for mobile electronic and missile support
systems. That's our objective, and that's what we sell.

ENGINEERING AND RESEARCH SERVICES

TESTING: DEEP WATER FLOTATION

CRAIG SKILLS AND SERVICES
¢ Systems housings— light weight, high-

strength aluminum shelters, vans and
trailers for mobile, transportable
ground support and electronic systems.

Systems components — including tel-
escoping antenna masts, transit cases,
spare parts boxes, equipment racks,
and cabinets.

Systems installation service — layout
and installation of complete systems,
through final checkout for maximum
mobility and reliability. Includes all
cabling, shock & vibration isolation,

TESTING: THERMAL SHOCK CHAMBER



MOBILE GROUND SUPPORT EQUIPMENT

human engineering, environmental
control, testing, and repackaging.
Systems packaging research — engi-
neering design and development for
ground support and electronic equip-
ment protection.

Complete production facilities — all
the manpower, all the tools, all the
space required to handle the complete
packaging assignment.

A unique ‘‘aluminum-chemical re-
search’ service — a highly versatile
“*brainpower pool'’ for solving virtually
any problem in aluminum and foamed
plastic fabrication.

360 MERRIMACK ST. LAWRENCE, MASS.- TELEPHONE: MUrdock 8-6961
Boston, Mass., CApital 7-7794

Craig's capabilities two-

chure will be sent on

request. Write to Dept

WASHINGTON, D. C.,
The LaSalle Suite B15

6300 North Central Expressway
1028 Connecticut Ave., N. W

14 W. Manchester Ave.
Business systems and equipment are ansther Craig specialty through
LeFebure Corporation, Cedar Rapids, lowa —a Craig subsidiary

COMPLETE SYSTEMS PACKAGING

TELESCOPING MASTS AND CONTROL TOWERS HELICOP-HUTS AWAITING DELIVERY




Mercury Ground Network:

The first man-in-orbit system, like the Wright brothers’ airplane, will be

followed by more ambitious programs. Here's how the Mercury tracking and ground

instrumentation system works and what will be needed for later projects

By JOHN F. MASON, Associate Editor

CAPE CANAVERAL, FLA.—Speculation
is high that the Soviets will have a
man in orbit long before we do. The
Russians recognized the propa-
ganda value of such an accomplish-
ment some years ago and were well
along in their efforts before we ever
began.

But regardless of what the Rus-
sians accomplish, the National
Aeronautics and Space Administra-
tion’s Project Mercury will proceed
to completion.

The ground system will be com-
pleted by Jan. 25, 1961. Four or
five astronauts will be fired into
ballistic trajectories 125 miles high
and 200 miles down range. And
late in 1961, the first astronaut is
scheduled to be put into orbit by an
Atlas missile.

Whether Mercury comes in first
or second, the engineering that
went into the project is a major
achievement. Later programs with
more ambitious missions will re-
quire more sophisticated systems.

Mercury will provide a basis for
new designs to strengthen these
later systems and expand their ca-
pabilities.

The Mercury tracking and
ground communications system is a
first in our space effort because it

ust fulfill the new and extra re-
quirements placed on it by the sat-
ellite’s human payload and by the
short time the mission will take.

Unmanned satellites don’t de-
mand the constant attention that
manned satellites will. It is enough
to spot check the initial peregrina-
tions of a payload of instruments
as it crosses minitrack fences and
determine its orbital pattern after
three or four orbits.

Mercury will have finished its
job and be back on the earth after
it makes a little more than three
trips around. The time from start
to finish will only take 4% hours.

The Mercury vehicle must be
tracked from the moment it leaves
the launch pad in Cape Canaveral,
Fla., almost continuously along its
route, unti the capsule lands in the
Atlantic ocean near Florida.

Prime contractor for the track-
ing and ground instrumentation
system is Western Electric, also re-
sponsible for project management,
overall logistics, ground communi-
cations, and training of govern-
ment-furnished operating person-
nel.

The system is being built in rec-
ord time. When the job is com-
pleted it will have taken just 18
months. Because of this tight
schedule, and for economy, almost
all equipment used is off the shelf.
Project Manager R. M. Goetchius
told ELECTRONICS the major prob-
lems in the job have been “time,
geography and welding a team to-
gether to do the job.” He accom-
plished the latter by holding bi-
weekly group meetings with project
managers from major contractors
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Ground communications use landlines, submarine cables and h-f radio

One of these seven astronauts (standing) will be the first American to
orbit the earth. His flight will be monitored and to some extent controlled
from NASA’s control room, here, in Cape Canaveral, Fla.
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and a representative from NASA.
Every aspect of the job was an-
alyzed at these meetings.

Bell Telephone Laboratories is
responsible for systems engineer-
ing, engineering consultation and
the command and control displays.

IBM will perform the computer
programming and will install and
maintain the new computers. Ben-
dix is providing radar and as-
sociated digital data processing
equipment, ground-to-air communi-
cations, telemetry and site display
equipment. Burns & Roe conducted
the site surveys and is designing
and constructing buildings and an-
tennas and providing power. More
than 630 first tier subcontractors
have contributed to the work.

Western Electric’s contract for
the ground system is about $35
million to date. Another $5 million
for ground equipment was govern-
ment furnished.

The ground network consists of
18 sites (see map) including a con-
trol center at Cape Canaveral, Fla.
The computing and communica-
tions center is at the Goddard
Space Flight Center, Beltsville, Md.

Five of the sites, as well as the
control center at Canaveral, are on
missile ranges where radar and
other facilities ulready existed.
Two stations are on ships.

Site equipment consists of radars
for tracking, telemetry and vehicle
communication facilities, and a
ground communications and data
transmission system.

All stations will be linked with
the computing and control centers
by a communications network. Six-
teen of the stations will be equipped
with telemetry receivers and will
have facilities for voice communi-
cations. Six stations will have com-
mand control systems. Computers
will be used at Goddard, Bermuda
and Canaveral. Eleven states will
have radar. Three of these will
have a C band radar, RCA’s AN/
FPS-16; four will have an S band,
Reeves Instrument’s Verlort; and
three sites will be equipped with
both C and S band systems. The
AN/FPS-16 has a tracking range
of 500 n. mi. The Verlort will be
used to track up to 700 n. mi.
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The sites using radar will be
equipped with: digital data conver-
sion and processing equipment to
prepare six-second data messages
for transmission to the computing
center; a boresight tower and cali-
bration facility; equipment to re-
cord radar data locally—one sample
every six seconds on punched pa-
per; an active acquisition aid that
uses direction finding techniques
and operates on either of the two
continuous telemetry signals from
both capsule transmitters to pro-
vide angle data for radar acquisi-
tion; and an acquisition data con-
trol system to provide pointing data
to all steerable antennas.

The active acquisition aid is an
automatic tracking unit with a
beamwidth of 20 degrees. It uses
two interferometer antenna pairs,
continuously positioned to null by
use of phase comparison receivers
controlling a servo system.

Voice communications are pro-
vided from each station using uhf
and to a lesser degree, h-f. One-way
emergency voice uses uhf.

The telemetry receiving system
consists of an r-f section, a demodu-
lation and separation section, a
recorder section, a monitor and
test section and data display equip-
ment. Both high-power and low-
power telemetry are also in the uhf
range. A teletypewriter message
summarizing the data received dur-
ing each passage will be transmit-
ted to the control center.

The receiving antenna systems
consist of two quad-helix steerable
arrays. Future systems may in-
clude parametric preamplifiers in-
stead of the present preamplifiers
to provide a 2 to 3 db improvement
in system noise figure over the
present 4 db figure.

Master and standby h-f and uhf
transmitters especially modified for
frequency stability and interfer-
ence requirements are also pro-
vided. For additional backup, voice
modulators have been added to the
command control transmitters to
provide the astronaut with emer-
gency voice reception on the cap-
sule command receiver.

Some sites have a 10Kw power
amplifier for improving the re-

ceived signal level. Reading and
storage requirements of certain
digital timing functions to be
transmitted necessitated the design
of coder controller systems capable
of supplying coding input informa-
tion simultaneously to both master
and standby transmitting systems.

The antenna terminals are fed to
high Q r-f multiplexers, which
separate the two telemetry signals
and the uhf air-ground voice com-
munications frequency. The multi-
plexers feed individual vacuum-
tube preamplifiers, narrow-banded
to achieve noise figures of 3.5 db.
Receiver outputs on each of the two
telemetry frequencies are combined.

The telemetered quantities se-
lected for real-time display are pre-
sented at a three-position console
located in the operations area at
each site except Bermuda and
Canaveral.

Bendix also supplies a site data
console simulator for training; ac-
quisition data consoles; communi-
cation technicians’ consoles; and
radar data conversion equipment.

Heart of the network are two
IBM 7090 computers at Goddard, a
709 in Bermuda and a 709 and a
GE-Burroughs computer at Ca-
naveral. The radar and telemetry
sites feed data and other messages
to Goddard. Here radar data and
launch phase telemetry data auto-
matically enter the computer memo-
ries. After processing. Goddard
transmits display data to Canaveral
and acquisition data and other
messages to the sites.

Bermuda with its two radars and
a computer, is a self-contained
complex. If Cape Canaveral loses
contact with the capsule, Bermuda
will decide the first “moment of
truth” for the astronaut. Minutes
after launch, as the astronaut, al-
ready in orbit, gets halfway from
Canaveral to Bermuda, it must be
decided whether to let him con-
tinue the mission or bring him
down. Data from the Bermuda
radar is fed into the local computer
which assesses the attained orbit
and gives the Bermuda flight dy-
namics officer a go/no-go recom-
mendation. His decision must be
made in less than 30 seconds if the
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Composite site conception shows equipment used in the ground system

. . . Future Space Systems

capsule is to be brought down be-
fore it reaches Africa.

Mercury is a real-time system.
IBM has designed and made a spe-
cial data communications channel
for installation on the Bermuda and
Goddard computers. These chan-
nels, consisting of high-speed and
low-speed input and output sub-
channels, will accept data directly
from communication lines through
terminal equipment. This elimi-
nates any intermediate data proc-
essing tools such as punched cards
or tape.

All during the orbital phase, dis-
play messages consisting of orbital
elements, positional data, and firing
times for retrorockets for certain
eventualities and recovery areas
are being furnished to the control
center two times a second. Acqui-
sition messages are continuously
being refined and sent to the sites
from the computer.

The computer is completely auto-
matic. IBM devised a computer pro-
gram called the program monitor.
Its purpose is to make those deci-
sions that a human operator would
make if he were part of the system.
The monitor will constantly be ask-
ing yes or no questions of the com-
puter as to the progress of the mis-
sion, the availability of data, or the
status of the computer programs.
It will proceed on its course of ac-
tion or adopt a new course depend-
ing on whether it receives a yes or
no answer.

The communications system,
built by Western Electric, is actu-
ally a vast data handling system.
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It provides the following transmis-
sion functions: teletypewriter mes-
sages between the stations and
Goddard and Canaveral; acquisi-
tion information from Goddard to
tracking and telemetry stations;
commands and instructions from
Canaveral to the stations; digital
tracking data from the tracking
stations to Goddard; telemetry sum-
mary messages between stations
and Canaveral; high-speed data
transmission between Goddard and
Canaveral for computation and dis-
play; and voice communications
between some stations and Goddard
and Canaveral.

The system involves 58,000 route
miles of communications facilities.
The entire system comprises 125,-
000 circuit miles——about 88,000
miles of teletypewriter circuits,
32,000 miles of telephone circuits
and 5,000 miles of high-speed data
circuits.

Teletypewriter information into
and out of Goddard will be handled
by an automatic switching system.
A significant portion of the traffic
will be information generated auto-
matically by the radars or comput-
ers and transmitted at teletype-
writer speeds. High-speed data cir-
cuits (1,000 bits per second) be-
tween the computers at Goddard
and Canaveral will be provided to
handle the large volume of data
flowing between these two points.

Later manned spacecraft will
operate at greater distances from
the earth and for longer mission
periods.

Project Apollo,

the 3-men-in-

space vehicle, will orbit more than
33 times and at altitudes higher
than Mercury’s 120 miles. Vehicles
taking different itineraries—for
example a polar orbit—will require
new, individual tracking chains.
Later systems will orbit the earth
and moon.

NASA is asking industry to
determine what equipment is
needed for such flights. Though the
funds NASA has been given for
this purpose amount to only $1 mil-
lion at present for Apollo, more
money will be forthcoming.

Some of the requirements for
future systems were described re-
cently in Washington by William
E. Ward, Ground Radar Systems,
Lincoln Laboratory, MIT, at the
National Symposium on Space Elec-
tronics and Telemetry.

Here are some of the points
Ward feels should be looked at:

The consideration of two-way
communication links and a beacon-
tracking radar to form a unified
instrumentation system is already
in widespread use. The capabilities
of such systems should be rounded
out by the addition of a compatible
arrangement for radar skin track-
ing.

The field of optimum signal and
waveform design continues to
offer a broad field for fruitful
development leading to the “best”
parameter estimation under the
constraints of the mission, the
schedule and the budget.

There will always be an insati-
able demand by the customer for
more tracking and communication
capability, with  corresponding
pressures for greater transmitted
power, larger antenna apertures
and more sensitive receivers.

In the field of precise-tracking
instrumentation systems, there is a
general retreat from attempts to
make increasingly precise angle
and angle-rate measurements from
a single site. There is a growing
emphasis on range- and range-rate-
only tracking systems such as GE’s
Mistram (ELECTRONICS, p 38, July
29).

Very accurate antenna mounts
for larger and larger ground an-
tennas promise to be enormously
difficult and expensive to build. The
angle precisions that are required
for some purposes exceed those of
the most precise present-day radars
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(such as the AN/FPS-16) and ap-
proach those of astronomy. The
corrections for pointing errors due
to systematic and fluctuating at-
mospheric  perturbation become
more important as the precision of
angle measurement is increased.
These propagation effects can per-
haps be compensated for more
easily in the overall system by mak-
ing range (and range-rate) correc-
tions,

No development of large, super-
precise antenna mounts is foreseen.
There will continue to be some re-
quirements for larger mounts hav-
ing precisions of the class of the
best present mounts. Antenna will
continue to get bigger and demands
will be made for more and more ac-
curate radiating and reflecting sur-
faces on these antennas.

The development and application
of low-noise receivers will surely
continue. More efficient coding and
decoding means for the transmis-
sion and reception of signals will be
developed and found useful.

The integration of the radar
components and the computer com-
ponents will become tighter, to the
point that the subsystems cannot
be distinguished.

Some observers feel that an out-
standing deficency in the ground
instrumentation for the radar
tracking of space vehicles lies in
the department of skin tracking.
If the beacon-tracking transponder
does not work during the launch
phase, the mission must probably
be abandoned. It will be essential
to have a backup skin-tracking
radar capability during launch so
that the mission can be terminated
if the beacon-tracking system fails.

These considerations hold true
even more strongly upon the return
of a manned spacecraft from some
distant mission since it is not likely
that all the vehicle electronics will
be working. It will be essential to
track and to do one’s best to com-
municate with the vehicle so that
it can make an effective reentry.

The means for achieving satis-
factory skin tracking of manned
spacecraft of practical size at
ranges of thousands of miles are
available. All that is required is
money.

Computers for future systems
will probably require increased
memory size and a reduction in
cycle time.
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Since 1956 missile and satellite programs have depended for their success, in part,
on Rantec multiplexers and filters for telemetry . .. unique devices which
couple two, three, four or six telemetry signals to a single antenna system. A wide
variety of tunable models covers the entire telemetry band. Typical specifications
on recent models include Isolation between channels to 100 db with 0.5
db insertion loss VSWR —1.3 Maximum. Rantec multiplexers, hermetically
sealed and helium leak-tested for storage and long-time space use, are another
example of Rantec’s proven capability in ground and airborne telemetry devices.

Rantec Corparation  Calabasas, Califarnia

| also from Ranfec . . . antennas, ferrite devices, waveguide
components, electronic components and microwave sub-systems.
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ELECTROLUMINESGENT-
PHOTOCONDUCTIVE

A phenomenon made practical . .. by SYLVANIA

also available from Sylvania.

<

EL-PC CONVERTER converts binary informa-
tion to decimal form. The output of the
CONVERTER can be used as the input to
the TRANSLATOR shown below. EL-PC’ ma-
trices for decimal-to-binary conversion -are

i

EL “READOUT'' OEVICE is composed of
strips of electroluminescent lamps,
insulated from each other and separately
terminated, By selective excitation of
the “strips,” alpha-numeric symbols are
produced for readout purposes.

EL-PC “TRANSLATOR"” makes practicable use
of the luminous properties ofAEL phosphors on

panel “‘A” and -of phot tive el

on panel “C.”" Mask “B" enables selective
excitation of the electroluminescent phosphors
on readout panel "'D."”

Physical dimensions of EL-PC panels are shown here in exaggerated scale for purposes of clarity.

FEATURING « Compact, flat construction « Minimal catastrophic failure ¢ Exceptional
reliability and long life » Simplified circuitry * Negligible power requirements

SYLVANIA combines photoconductive elements
with the luminous properties of electroluminescent
phosphors to provide design engineers with a
group of alpha-numeric readout devices and com-
ponents capable of performing simple and com-
plex logic functions, the conversion of digital
information, and the storage and memory of data.
These offer new and significant possibilities for
end-product miniaturization together with dramat-
ically enhanced reliability.

For example, new “crossed-grid”’ panels have been
developed that utilize conductive strips placed at
right angles to each other on opposite sides of an

electroluminescent phosphor layer. These “strips”
when separately excited glow at the points of inter-
section. This provides a point of light that can be
moved in X-Y directions to create a display that is
exceptionally small in front-to-back dimensions
and is highly useful in position-plotting
applications.

Sylvania Sales Engineers can give you details on
specific EL-PC devices. Too, write for ten-page
brochure, “Sylvania Electroluminescent-Photocon-
ductive Devices,” to Electronic Tubes Division,
Sylvania Electric Products Inc., Dept. EL, 1100
Main Street, Buffalo, N. Y.

SYLVANIA

sussidory of GENERAL TELEPHONE & ELECTRONICS (&)
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Burroughs account and amount imprinter (left) places magnetic ink
automatic processing. Sorter-reader (right) developed jointly by Pitney-Bowes and National Cash Register sepa-
rates checks according to banks originating them by reading MICR code

BANKS WANT CHECK HANDLING EQUIPMENT

characters on uncoded checks as first step in

Federal Reserve to Test Five Systems

FIVE-WAY EVALUATION of electronic
check handling equipment is near-
ing countdown this week as five
system proponents ready gear for
delivery to Federal Reserve Banks
by January.

Faced with the prospect of hav-
ing to handle upwards of 20 billion
checks a year by 1970, Federal
Reserve officials have called on five
electronics teams to come up with
equipment to handle the problem.

According to Fed spokesmen,
five cities will be involved, with
each installation to be made by a
different manufacturer. The Fed-
eral Reserve in Boston will test an
installation by National Cash Reg-
ister. In Chicago, a Burroughs
system will be evaluated, and in
New York, Ferranti-Packard and
Pitney Bowes are joining forces.

The Philadelphia Federal Re-
serve will evaluate an IBM system,
while San Francisco will use equip-
ment by National Data Processing
Corp.

The basic job of all systems will
be the same. Incoming checks
from all over the country will go
to Federal Reserve banks to be
cleared, processed and returned to
the originating banks as usual. The
electronic equipment will be used
to encode the amount and the
identifying bank number on each
check in magnetic ink; to sort the
checks, once encoded, and to strike
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By THOMAS EMMA, Aassociate Editor

totals for each bundle of checks
for use by the bank they will be
sent to. Print-out facilities will
be provided to prepare transit
documents and make permanent re-
cords of checks processed.

In general, processing will follow
this order: a bundle of checks will
be received at the Federal Bank
from corresponding banks; they
will be manually processed by a
clerical worker who will imprint
amount and, if needed, bank transit
identification on each check with
a device resembling an adding ma-
chine. The imprint will be in
magnetic-ink characters. The im-
print encoder device will also total
the amount of each bundle for
comparison with the amount in-
dicated by the correspondent bank.

From this point on, no further
manual processing will be needed.
The bundles of checks are fed into
a sorter which will automatically
separate them and deposit them in
bins according to the bank from
which they originated. The checks,
along with total amount of the
bundle will then be removed from
the bin and mailed to their designa-
tion.

Federal Reserve planners say the
forthcoming tests will be meaning-
ful only if other banks along the
way step up their activities as far
as MICR (Magnetic Ink Character
Recognition) is concerned. As

more and more banks begin mark-
ing check amount and identification
numbers in magnetic ink, less
preliminary processing will be
needed.

Progress along these lines is
encouraging, according to recent
Fed survey. Since spring of this
year, the Fed has been supplying
preprinted check forms to member
and nonmember banks for drawing
on their Fed accounts. It has also
been preprinting its own checks.

A survey taken in June by the
Federal Reserve bank of New
York showed that 125 of the ap-
proximately 1,000 banking offices to
which it sends checks were using
magnetic ink. This is a threefold
increase over the number using
MICR at the beginning of 1960.

By June of this year, nearly all
New York clearing houses had be-
gun to provide their customers with
magnetically encoded checks. Some
indication of the rate of MICR
usage may be had from the fact
that by mid-year, 82 checks out of
every thousand carried magnetic
routing information. This com-
pared with a figure of 16 per
thousand six months earlier for the
New York area. Outside of New
York City, 58 out of each thou-
sand checks drawn on the New
York Fed carried MICR routing, as
compared with only 22 per thousand
in January.
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Wives are encouraged to share tours,
social program planned just for them

CHICAGO—HUSKY EXPANSION of
electronics, especially in the Mid-
west, will stretch seams of the
Sherman Hotel to capacity next
week with at least 11,000 visitors
expected to attend the 16th annual
National Electronics Conference
here Oct. 10-12.

Nippon Electric is bringing its
diodes and other solid state devices
from halfway around the world
to exhibit along with nearly 300
companies showing their newest
products of electronic research and
development in 275 booths, maxi-
mum number the hotel can accom-
modate.

“All booths were gone within
weeks after we started allocating
space early in April,” said Rudolph
Napolitan, general manager of the
show. “We’re holding requests for
150 more booths than we can
accommodate this year, and we're
already planning our move to the
International Ampitheatre for next
yvear’s conference.

Exceptionally heavy interest in
this year’s show results from an
increasing interest in electronics
throughout the Midwest, Napolitan
said.

“Much of the research and de-
velopment which formerly headed
West is now staying right here—
where almost twice as much elec-
tronics business has its head-
quarters,” he said.

New feature of the 1960 con-
ference will be special tours Mon-
day afternoon of Armour and
Northwestern, two of the region’s
research facilities.

Northwestern 1is planning to
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NEC Expects

open its physiological systems and
sampled data control systems labs
to the visitors.

Armour will offer them an op-

portunity to inspect a nuclear
reactor, a research computation
center, plasmoid and exploding

wire facilities, electron and nuclear
spin resonance laboratories and, in
addition, will explain recent work
on antennas.

The 16th annual conference will
make its proceedings available to
participants at the time of the
conference. Bound volumes of the
proceedings will include 119 papers
selected from the more than 200
submitted in categories covering
major aspects of electronics re-
search, development and applica-
tion,

Digital data transmission gets
special emphasis this year, with
ten different organizations partici-
pating in the preparation of thir-
teen papers to be presented in two
sessions.

Presentations will cover manage-
ment computers, automatic sensing
and process control from a distance
and more efficient use of message
trunks. Three of the papers will
deal with digital computers, four
with their components and two
with their application to engineer-
ing education. Papers will explain
the impact on industry of engineer-

Full House Next Week

Microelectronics, digital data transmission get multi-
ple sessions. Research tours among new fealures

Limited

booth space
accommodates
300 exhibitors.
Another 150
couldn’t be
fitted in

this year

trained to use
computers in the classroom and
investigation of computer automa-
tion of supermarkets. Robert E.
Machol, associate professor in
Purdue’s school of electrical engi-
neering will describe a system for
teaching computer programming to
undergraduates within one hour.

Microelectronics is featured in
a total of 12 papers to bhe pre-
sented in three sessions.

Microelectronic  reductions in
scale could permit high system
reliability with practical sizes,
weights and power consumptions,
according to Arthur Stern of the
General Electric electronics lab,
who is scheduled to open the micro-
electronics sessions.

Ultra high frequencies will be
considered during two sessions
featuring six papers, antennas in
eight papers organized into two
sessions. Other papers will deal
with problems in instrumentation
for dynamic subjects, Peltier cool-
ing of hotspots, space communica-
tion problems during reentry,
magnetohydrodynamics, instru-
mentation and radio astronomy of
the solar system.

Next week’s conference will also
present plaques to nine companies
which have displayed their prod-
ucts at 15 consecutive annual
shows.

ing graduates

electronics
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Space Meet Stresses Communications

Symposium also hears pros and cons on
surveillance and mnavigation satellites

NATIONAL SYMPOSIUM on space elec-
tronics and telemetry, meeting in
Washington recently, stressed the
problems of communications satel-
lite systems. Progress report for
the year, as summarized to ELEC-
TRONICS by one scientist attending
the three-day meet: ‘“good, solid
technical advances.”

National Aeronautics & Space
Administration, 36 manufacturers
and the armed services all set up
exhibits at the meeting, showing
new products and facilities in space
electronics. The technical sessions
dealt with space communications,
telemetry, electronic (ionic) propul-
sion, space medicine, and surveil-
lance, navigation and communica-
tions satellites.

Included were some oblique refer-
ences to classified projects, includ-
ing a discussion of some of the
techniques now under study for Air
Force’s project SAINT (satellite in-
tercept), an inspection satellite
which is supposed to keep an eye
on unidentified planes.

At a session devoted to satellite
communications systems, Hughes
Laboratories scientist S. G. Lutz
discussed the feasibility of station-
ary satellites. Eventually, he pre-
dicted, there could be a large num-
ber of stationary satellites sharing
the spectrum (Bell Labs has pro-
posed a network of about 50 satel-
lites in stationary equatorial or-
bits). Minimum spacing would
depend on the antenna beamwidths
at the ground terminals, and on the
ability of groundbased antennas to
resolve one satellite from the one
beside it.

Lutz said he did not favor pas-
sive satellites, such as Echo I, be-
cause of the high cost of the com-
plex ground installations. He
envisions instead a large number of
low-cost ground stations sharing a
high-cost active satellite capable of
relaying information on command.

Other space experts mention that
stationary satellites are still some
time in the future. Success of ac-
tive satellite programs will depend

on more efficient guidance, control
and launching equipment. Problem
areas in the eventual communica-
tions system from the standpoint of
electronics include interference con-
trol, crucial if the satellite systems
are to coexist peacefully with pres-
ent radio services. Clear channels,
Lutz pointed out, would mean dis-
possessing prior users, and if satel-
lites need clear channels it will be
a major impediment to public ac-
ceptance.

Broadbanding is another problem
for both antenna systems and cir-
cuitry. Each satellite must cover
the sum of its earth-terminal band-
widths. It is possible to split the
total band into narrow slices for
electronic equipment, but that
would mean multiplying the equip-
ment, perhaps equipping the satel-
lite with multiple antennas.

A “synchronized” satellite system
was described in a paper prepared
by a group of scientists from the
astroelectronics division of U. S.
Army Signal R&D Labs. The satel-
lite would be thrown into a 24-hour
equatorial orbit 22,300 miles up,
would have the same orbital period
as the earth’s rotational period,

Long-Range Radar

Raytheon has a $6-million contract
to produce and install eight addi-
tional long-range air traffic control
radars for FAA
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would thus appear to be standing
still over one spot on the earth’s
surface. Principal requirements for
such a satellite right now are more
reliable electronic components and
more advanced rocket technology.

New concepts and techniques in
areas including coding, recording
and demodulation are beginning to
permit a flexible approach to space
telemetry, according to L. L. Rauch,
professor of instrumentation engi-
neering at the University of Michi-
gan. Other industry spokesmen
commented that efficient modulation
and demodulation schemes might
reduce transmitter power require-
ments from 500 w to 5 w or less.
Various orthogonal coding and de-
coding methods are among tech-
niques that are being explored.

E. Richtin of CalTech’s Jet Pro-
pulsion Labs told the meeting that
the one application in which codes
might be worthwhile is for very
narrow bandwidth command or nar-
rowband precision telemetering
channels in which minimum error
rate for minimum signal power is
the goal and channel efficiency is not
a significant criterion.

One session of the symposium
witnessed a lively discussion on the
merits of the Navy’s Transit navi-
gation system. R. B. Kershner of
Johns Hopkins’ Applied Physics
Lab presented a paper which said
that the Navy intends to set up a
worldwide navigational aid using
earth satellites. Two developmental
Transit satellites have been success-
fully orbited, he pointed out, and
the system should be completed by
1962. Two sets of transmitters and
two sets of frequencies in the
Transit ITA satellite have permitted
measurements of the refraction ef-
fect. Kershner remarked that cal-
culations based on measurements
from all four frequencies mutually
support each other, ensuring that
current data are reliable and giving
substantial support to the basic idea
of the system.

C. C. Wan of Hughes Aircraft
countered that it is time to make an
objective evaluation of the value a
satellite system such as this one
would have in providing positional
data to ships and airplanes. Wan’s
paper points out some key factors
that must be resolved before a navi-
gational system of satellites can be
fully operational in the sense that
loran or a sextant is operational.
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Computer Controls Tv Switching

WASHINGTON — Developments in
tape recording, automation, solid-
state rectifiers and measurement
techniques were discussed here re-
cently at a two-day symposium of
TIRE’s Professional Group on Broad-
casting.

Application of a digital computer
to television automatic switching
control is under development for
CBS, according to engineer Adrian
B. Ettlinger. The system should
be operational by Jan. 1, 1961. A
digital computer, costing about
$50,000 and able to store about
2,000 events, will probably be used.
Network stations can adapt the
computer to their needs.

R. M. Brockway, WFBM-AM-
FM-Indianapolis, Ind., reported
that this station’s operations are
almost entirely automatic. With
the exception of live news and
weather, WFBM-FM is prec-
grammed with prerecorded tapes
on an 18-hour daily schedule.

An automatically timed program
logging system has also been de-
vised. An electric time stamp in-
dicates the starting time of each
block of prerecorded material. The
station has applied to FCC for per-
mission to use the logger.

A video tape system component,
called Amtec (Ampex Time Element

Compensator) and developed by
Charles Coleman of CBS, was de-
scribed by Donald MacLeod of
Ampex.

The device automatically com-
pensates for variable recording con-
ditions that could cause geometric
distortions in the picture. Engi-
neering prototypes have included
compensation capabilities within
one microsecond.

Because of the necessity for con-
formance to FCC signal specifica-
tions, one microsecond is likely to
be the upper limit of permissible
correction. The compensator is said
to cut operating discrepancies
nearly to zero.

The Amtec, in conjunction with
an intersync synchronizer, enables
the tape recorder to be absolutely
synchronized to the station sync
generator, MacLeod said.

The intersync tv signal synchro-
nizer was described by Harold V.
Clark of Ampex. It is a high-accu-
racy servo control system which
gives an improvement over pre-
viously obtainable synchronization
and reduces error by a factor of 50.
Phase control of the rotating video
head drum to within one minute
of arc, while it is rotating at a
nominal 14,400 rpm, is possible, he
said.

Tracking Soviet Man in Orbit?

Rumors that Russia already had—or soon would—put a man in orbit
gained force with the arrival of this Soviet range instrumentation ship,
Kokand, in the North Central Atlantic, and other similarly equipped

ships in the Central Pacific
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FAIRCHILD
FD-300

IMMEDIATELY AVAILABLE
IN YOUR AREA

FRANCHISED FAIRCHILD DISTRIBUTORS:
Quantities 1 - 999

ALMAC ELECTRONICS CORPORATION
6301 Maynard Ave,, Seattle 4, Washington
PArkway 3-7310

CRAMER ELECTRONICS INC

811 Boylston St., Boston 16, Massachusetts
COpley 7-4700

WUX: FAX Boston, Massachusetts

DENNY-HAMILTON ELECTRONICS
186214 Bacon St., San Diego 7, California
ACademy 4-3451

HAMILTON ELECTRO SALES

12308 Wilshire Boulevard

Los Angeles 25, California
EXbrook 3-0441, BRadshaw 2-9154
TWX: W LA 6637

KIERULFF ELECTRONICS INC,
820 West Olympic Boulevard
Los Angeles 15, Californla
Richmond 8-2444, TWX: LA 46

PHILA. ELECTRONICS INC.
1225 Vine St., Philadelphia 7, Pennsylvania
LOcust B-7444

SCHAD ELECTRONIC SUFPLY, INC.
498 South Market St., San Jose 13, California
CYpress 7-5858

SCHWEBER ELECTRONICS

60 Herrlcks Road

Mineola, Long Island, New York
Ploneer 6-6520, TWX: G CY NY 580-U

SCHWEBER ELECTRONICS, FLORIDA
P. 0. Box 1491, Melbourne, Florida
PArkway 3-4461

SEMICONDUCTOR DISTRIBUTOR
SPECIALISTS, INC,

5706 West North Ave,, Chicago 39, Illinols
NAtional 2-B860

VALLEY ELECTRONICS INC.

1735 East Joppa Road, Baltimore, Maryland
VAlley 5-7820, TWX: TOWS 554

VALLEY INDUSTRIAL

ELECTRONICS, INCORPORATED

1417 Oriskany Street W., Utica, New York
RAndolph 4-5168, WUX: FAX Utica, New York

WARD TERRY AND COMPANY
Electronics Parts Division

P. 0. Box 869, Denver 1, Colorado
AMherst 6-3181

FAIRCHILD FIELD OFFICES:
Quantities of 1000 and up

LOS ANGELES, CALIFORNIA
8833 Sunse! Boulevard
OLeander 5-6058, TWX: BV 7085

GARDEN CITY, L. I, NEW YORK

600 Old Country Road

Ploneer 14770, TWX: G CY NY 5391
OAK PARK, ILLINOIS

6957 West North Avenue

Village B-5985, TWX: OAK PARK 2820
WASHINGTON 6, D. C

1027 Cafritz Bldg., NAtional 8-7770
MARBLEHEAD, MASSACHUSETTS

19 Preston Beach Road, NEptune 1-4436

JENKINTOWN, PENNSYLVANIA

100 Old York Road

TUrner 6-6623, TWX; Jenkintown PA 1056
SYRACUSE, NEW YORK

731 James Street, Room 304

GRanite 2-3391, TWX: SS 94

ORLANDO, FLORIDA

4935 Susannah Blvd., CRestwood 7-5610

IRCHILD

SEMICONOUCTOR CORPORATION
o
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4300 REDWOOD PARKWAY
SAN RAFAEL, CALIFORNIA
GLENWOOD $-1130
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These silicon diodes combine parame-
ters never before available together:

High conductance — 200mA min. @ 1.0 volt
Lowest leakage — 1.0 muA max. @ —125V, 25° C.
Low capacitance — 6 upf max. @ O volts

Minimum values of voltage drop, ca-
pacitance and feakage current give the
designer more flexibility on circuits

which require large numbers of diodes. Reliability, too, is inher-
ently greater. The FD-300 is the ideal diode for all applications
where speed is not of prime importance. (Where speed is critical,
the Fairchild FD-100 and FD-200 are recommended.)

By means of surface passivation and
planar structure — techpological
advances exclusive to Fairchild —

these outstanding characteristics have been combined in one
totally new silicon diode.

R IRCHILD

SEMICONDUCTOR CORPORRTION
/]

A WHOLLY OWNED SUBSIDIARY OF FAIRCHILD CAMERA & INSTRUMENT CORPORATION
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Get the
facts
together
quickly

Buying is easier when you’ve got all the
facts in one place.

The BUYERS’ GUIDE tells who makes
it. Gives detailed catalog-type product
information and specs. Gives choices in
mechanical and electrical characteris-
tics. Gives more choices in terms of ma-
terials and design. Also objective and
authoritative facts about markets . . .
materials ... design ... in an exclusive
64-page reference section,

That’s why the GUIDE will put you in
the strongest position to make the best
buying choice for yourself and your
company.

It’s all between the covers of one vol-
ume. The accurate, complete and au-
thoritative electronics BUYERS’ GUIDE

and Reference Issue. o.eE
= 5 _ﬁ
|
FIND x|
e
WHAT y LEUIDE
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Space Probes Hunt for Radiation

RADIATION MEASUREMENT was the
theme of recent space probes.

The nuclear-emulsion recovery
vehicle (NERV) traveled 1,200
miles up on a 62-ft Argo D-8 re-
search rocket. It carried a stack
3 in. in diameter and half an inch
long comprising 25 layers of a
radiation-sensitive emulsion. The
emulsion was exposed from 300
mi. up to 1,200 mi. to take measure-
ments in the Van Allen belts.

Capsule also contained a tiny bit
of living matter—mold spores—
which will allow scientists to esti-
mate the effect of Van Allen radia-
tion on living and reproducing proc-
esses.

Some 36 minutes after launch
the 83-1b GE-designed capsule para-
chuted into the Pacific 1,200 miles
southwest of the launching pad
at Pt. Arguello, Calif. To facilitate
recovery—vital since the nuclear-
emulsion measurements cannot be
telemetered to earth-—the parachute
was radar-reflective and the NERV
capsule threw out chaff on the way
down. Other aids used were a high-
intensity strobe light, a radio bea-
con and fluorescein dye markers.

Later, the Air Force launched
its 40-ft Blue Scout rocket from
Canaveral in a test of the rocket
itself, with payload operation sec-
ondary. The 32.8-1b payload con-
tained instruments to probe radia-
tion up to 16,600 miles out from the
earth. The Blue Scout may be part
of the long-range program to deter-
mine the feasibility of detecting
high-altitude nuclear bursts, proved
otherwise undetectable by the U. S.
Argus project in 1958.

ELECTRONICS also learned last
week that airborne linear acceler-
ators may be used by USAF to sim-
ulate certain' aspects of high-alti-
tude nuclear detonation. Design
studies completed by Aeronutrionics
envisage missile-borne linear accel-
erators with energy range between
100 Kev and 2 Mev. At these levels.
accelerated electrons will simulate
the beta radiation from nuclear
explosions. The linacs would not
need heavy vacuum equipment if
operated at the outer fringe of the
atmosphere, so total payload could
be held to 200 1b. Overall program
will include tests to determine D-
layer depletion in the ionosphere.

Automatic Controls Needed to Fight Foreign Inroads

CLEVELAND—INCREASED ATTENTION
to developing electronic controls
and equipment to produce goods
cheaper and faster to fight increas-
ing competition from abroad was
shown by papers, questions and
corridor talk at the Ninth Indus-
trial Electronics Symposium here.

The two-day conference, spon-
sored by the national PGIE of IRE
and the Cleveland sections of both
IRE and AIEE, produced more
than 15 papers covering measuring
devices, data handling and process
control.

Conferees agreed efficient auto-
mated processes in rebuilt Euro-
pean factories were spurring their
industry to greater achievements
in U. S. plants. This subject was
discussed at lunch on the first meet-
ing day by R. W. Barnitz, Jones &
Laughlin Steel Corp.’s chief elec-
trical engineer.

The use of a self-triggering
spark gap as a simple crowbar at

the output of a high voltage d-c
power supply to protect the load
in case of load failure was de-
scribed by Victor Wouk of Llec-
tronic Energy Conversion Corp. of
New York. This self-triggering
spark gap is said to have more re-
liability and fewer voltage limita-
tions than thyratrons. Wouk de-
scribed applications of the spark
gap in the protection of ultrahigh
power vacuum tubes from destruc-
tive internal arcing. The system
itself, consists of three metal
spheres arranged as a triggered
spark gap. When the load fails,
capacitive coupling drives a trig-
gering sphere that fires the entire
protective gay system.

A new storage medium for data-
handling was described by H. L.
Lester of GE. It is a thin thermo-
plastic film on which digital data
can be written at densities of mil-
lions of bits per square inch and at
rates of megabits a second.

electronics
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if it's news, expect it first from IRC

350° Hot Spot—125° Ambient

New Precision Power Resistors

A new high-temperature coating—Thermacoat—
developed by IRC is responsible for the outstand-
ing performance of IRC miniature power wire
wound resistors.

These resistors meet MIL Characteristic V with
a hot spot temperature of 350°C, well above the
250-275° customary for resistors of this type.

Thermacoat Resistors have all the other advan-
tages you want—small size, close tolerance, high
moisture resistance, high dielectric strength, all-
welded construction, high temperature tinned
leads and permanent marking. And they’re avail-
able at a 125° Ambient in the same wattage ratings
as regular power wire wound ratings!

Write for Bulletin AE-18, International Resistance
Company, 401 N. Broad St., Philadelphia 8, Pa.

October 7, 1960
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110 5
ACTUAL SIZE

Ratings: 2, 3, 5, 7, 10 watts (125° ambient)
Standard tolerances: 1%, 3%, 5% (MIL); Special Tolerances
to .05%, depending on range

Resistance ranges: Minimum 0.1 ohm; Maximum 20K to
175K ohms

Dielectric Strength: 1000V-RMS Min,
Non-inductive resistors available

Leading supplier to manufaclurers of electronic equipment
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N
Another First From Hﬁffman g Np
COMPLEMENTARY

-3 AL S L LUV ) 141 )

® RATED 1 AMP AT 80°C

. Tl SPECIFICATIONS | MAXIMUM RATINGS
B IN TRANSISTOR TO-5 PACKAGE | (~68 S to 4125°C) | (—65 C to +125°C)
Max.
B FROM A SINGLE SOURCE Holfman JEDEC BV, and 3V, Vet 183 Ve (offhand ¥V, 1, 0C?
. Type No. 2 Equivalent {volts {volts) | (voits) {amps)
5 Y . PNFN—1 AMP @ 80 C
Designed and built to improve the s e w 7 s - = ]
3 313 R-50P 2X1595 0 2 G gk 1.4
reliability of your system HR-T00P M1596 120 2 1o 14
o 2 - : . HCR-150P - 189 2 50 1.4
B by simplifying circuitry HCR-200P M1597 249 2 200 14
i i HCR-300P 2N1598 . 360 2 300 1.4
L Ey LR ‘,"elgdht 2d fslpag‘:‘l't HER 40P 2M1599 280 2 400 14
B by increasing design flexibility NEHE—1 AlP @ aotcH
HCR-30N e 36 2 ] 30 14
HER-50N 2N1585¢ 60 2 50 1.4
TYPICAL APPLICATIONS HER-100N A L : o 7
HER-150N . y
y = . SR N 4 200 1.4
NSl A CoMOIETSIoR 2 NOEES ':‘“R:ﬂm{ + rectitied f o et (2) Sutt :40‘ tes positive : Byl e A8\ ca el s andat hde e
3 . ¥ . 3 r verag? rectified forward current. uffix P’ denotes positive gate polarity referred to cathode (standard device).
'ndUStr'_aI control systems, static SV.‘“tChmg’ Suzfix " denotes negative gate polarity referred to anod= cemplerentary devicel. (3) Derate 20 mA/“C above 80°C. {4) JEDEC
conversion and regulation, relay drive complemant.

circuits, and related applications.
] an/ELECTRONIcs CORPORATION

Semiconductor Division

Hotfman 1007 Arden Drive, EI Monte. California
- TWX: EI’Monte 9735
Plants: EI Monte, California and Evanston. Iltinois
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ALITE — with its completely equipped facilities
for producing high quality, vaeuum-tight,
ceramic-to-metal seals — is geared to meet all
your requirements for high alumina ceramic-
metal components. From design to finished as-
sembly, every manufacturing step — including
formulating, firing, metalizing and testing—is
carefully supervised in our own plant. Result:
effective quality control and utmost reliability.

Hermetic seals and bushings made of high
alumina Alite are recommended for electrome-
chanical applications where service conditions
are extremely severe or critical. Alite has high
mechanical strength and thermal shock resist-
ance. It maintains low-loss characteristics
through a wide frequency and temperature
range. It resists corrosion, abrasion and nuclear

radiation. Its extra-smooth, hard, high-fired glaze‘

assures high surface resistivity.

ALITE pivisiON

To simplify design problems and speed delivery,
Alite high voltage terminals, feed-throughs and
cable end seals are available in over 100 stand-
ard sizes. However, when specifications call for
special units for unusual applications, you can
rely on expert assistance from Alite engineers to
help you take full advantage of Alite’s superior
properties.

Write us about your specific requirements today:

WRITE FOR HELPFUL FREE BULLETINS

Bulletin A-7R gives useful com-
parative data. Bulletin A.40
describes Alite facilities and
complete line of Alite Standard
Bushings.

BOX 119 ORRVILLE, OHIO

102.G

New York Office — 60 East 42nd St.
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DIRECT
READING l

RF LOAD-
WATTMETERS

MODEL 612 These popular direct

reading instruments
Models 61 and 611 measure and absorb
areidenticalin  power in 50 ohm
appearance  coaxial line systems
through the range of
30 to 500 mc.

They are portable
and extremely useful
for field or laboratory
testing . . . checking
installation of trans-
mitters . . . trouble
shooting . . . routine
maintenance . . . pro-
duction and accep-
tance tests . . . trans-
mitter tune-ups . . .
measuring losses in
transmission lines. .,
testing coaxial line
insertion devices such
as, connectors,
switches, relays,
filters, tuning stubs,
patch cords and the
like . . . accurately

terminating 50 ohm

coaxial lines, and .
monitoring modula-
tion by connecting
phone, amplifier or
audio voltmeter to the
DC meter circuit.

Power scoles for
Model 61 Special are
made to meet your
requirements.

WRITE FOR BULLETIN TW606

SPECIFICATIONS

RF INPUT IMPEDANCE: 50 POWER RANGE: Model 611— RADIATOR STRUCTURE: All
ohm nominal. 0-15, 0-60 watts full scale. Aluminum.
Model 612~0-20, 0-80 watts
\'IS‘WR:‘Smndprd specification full scale, EIP:IdSH: Bird’ standard gray
o.ﬁn'go mnw;:zumum over oper- INPUT CONNECTOR; aked enamel.
AT A oy Female “'N’*, WEIGHT: 7 pounds.
: scale.
eor EXTERNAL COOLING OPERATING POSITION:
INTERNAL COOLANT: Oil. METHOD: Air Convection. Horizontal,

-~y

Q

i

9 i)
il
““Thrline*’ ““Termalinet’ Coons Coaxial
Directional RF Load Resistor RE Filters RF g:io:;\n
RF Wattmeters

Western Representative:
VAN GROOS COMPANY, Woodland Hills, Calif,

| ELECTRONIC CORP.
CHurchill 8-1200
30303 Aurora Road, Cleveland 39, Ohio
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MEETINGS AHEAD

Oct. 9-14: American Institute of
Electrical Engineers, AIEE,
Fall General Meeting, Morrison
Hotel, Chicago.

Oct. 10-12: National Electronics
Conf., Hotel Sherman, Chicago.

Oct. 11-14: Audio Engineering
Soc., Annual Convention, Hotel
New Yorker, New York City.

Oct. 13-14: Engineering Writing
& Speech, Annual Symposium,
PGEWS of IRE, Bismark Hotel,
Chicago.

Oct. 14: Engineering For Reliabil-
ity Conference, PGRQC of IRE,
Cooper Union, New York City.

Oct. 14-15: Quality Control Conf.,
ASQC, Broadview Hotel, Wichita,
Kan.

Oct. 16-22: High Speed Photog-
raphy, Soc. of Motion Picture
and TV Engineers, Sheraton
Park Hotel, Washington, D. C.

Oct. 17-19: Adaptive Control Sys-
tems Symposium, [RE, Garden
City Hotel, Garden City, N. Y.

Oct. 18-20: Battery Symposium,
Ministry of Aviation, S.R.D.E,,
The Pavilion, Bournemouth,
England.

Oct. 19-26: International Congress
& Exhibition for Instrumenta-
tion & Automation, INTERKAMA,
Dusseldorf, Germany.

Oct, 24-26: Aero & Nav. Elec.
Conf. PGANE of IRE, Lord
Baltimore Hotel, Baltimore, Md.

Oct. 26-27: Computer Applications
Symposium, Armour Research
Foundation & Illinois Inst. of
Tech., Morrison Hotel, Chicago.

Oct. 26-28: Non-Linear Magnetics
and Magnetic Amplifiers, AIEE,
PGIE of IRE, AIEE, Bellevue-
Stratford Hotel, Philadelphia.

Oct. 27-28: Magnetodynamics, En-
gineering Applications, Engi-
neering Institutes, University of
Wisconsin, Madison, Wis.

Oct. 27-28: Electron Devices Meet-
ing, PGED of IRE, Shoreham
Hotel, Washington, D. C.
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here,

there . . .

almost everywhere

Members of the specially trained, 70-man field auditing staff of the
Audit Bureau of Circulations* make regular calls on 2,900 publi-
cations . . . ours included . . . located in almost as many places.

The ABC auditor’s call might last a day, a week, or even several
months . . . just as long as it takes him to make a complete audit
of our circulation records and obtain the information about our
circulation audience that ABC will later publish.

Actually, he is working for you -— our readers and our advertisers.
Knowing full well that we will stay in business only so long as our
publication continues to serve the interests of our readers, this
audit of our paid circulation provides us with a regular and ob-
jective review of how well you think we are doing.

Knowing full well that sales messages must reach a responsive
audience in order to be effective, our advertisers are also interested
in the ABC auditor’s call. The hard, and sometimes cold, facts he
reports about our circulation provide you with an informed basis
for investing your advertising money.

Yes, the ABC auditor has been here . . . and he will be here again,
calling to check on how well we are doing our job and to provide
the facts to help us and our advertisers do even better.

electronics

A McGRAW-HILL PUBLICATION « 330 W. 42nd ST. « NEW YORK 36, N. Y. .

* This publication is a member of the Audit Bureau of Circulations, an association of nearly 4,000
publishers, advertisers, and advertising agencies. Our circulation is audited by experienced ABC field
auditors. Our ABC report shows how much circulation we have, where it goes, how obtained, and
other facts that tell you what you get for your advertising money when you use this publication.
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RCA SEMICONDUCTOR AND MATERIALS DIVISION

Announces

World's Fastest Tunnel Diodes

NOW COMMERCIALLY AVAILABLE FOR SWITCHING APPLICATIONS

New RCA Gallium Arsenide Type TN3138 and

Germanium Types TN3728, IN37129, IN3130, specifically designed

for ultra high-speed computers, attain switching speeds to 0.7 nanosecond.

From RCA’s semiconductor research
and engineering resources comes another
major advance in Tunnel-Diode Develop-
ment that opens the way to remarkable
new increases in computer-speed capa-
bility. Three new RCA Germanium Tun-
nel Diodes with switching speeds to 1/10
of a millimicrosecond and peak-to-valley
ratios to 15:1, and a new RCA gallium-
arsenide tunnel diode with a switchingy
speed up to 1/5 millimicrosecond and a
peak-to-valley ratio to 40:1 are now com-
mercially available. Already, these new
types are being incorporated in plans for
data-processing equipment designed to
operate at a clock rate of 1 KMc.

New RCA Tunnel Diodes are encased in the exclusive, RCA
developed, low-inductance ceramic-to-metal package. Now
can be hand-soldered or dip-soldered—withstand 275°C for
10 seconds.

Wide Operating Temperature Range
—In addition to high-speed capability,
RCA Tunnel Diodes have a broad oper-
ating temperature range—from —65°C
to 4+150°C. Maximum storage tempera-
ture is 175°C.

High Peak Current Ratings—RCA Tun-
nel Diodes have high peak current (Ip)
covering the range to 50 ma. as the chart
indicates. Minimum peak-to-valley ra-
tios (Ip/1v) are 8:1 and 20:1.

Tight Tolerances—High peak current
ratings are held to a tolerance within
+5%.

Exclusive Low-Inductance Case—New
RCA Tunnel Diodes are encased in
RCA'’s unique low inductance (0.4 milli-
microhenry) ceramic-to-metal package
which minimizes the possibility of para-
sitic oscillations and permits full utiliza-
tion of their outstanding high-frequency
characteristics.

Design Benefits—Each of the new RCA
Tunnel Diodes has these additional de-
sign features:

Mesa Construction—for high relia-
bility, stability, and unit-to-unit uni-
formity. Low Noise—lower than most
other electronically active devices.
Resistance to Radiation—greater
than conventional semiconductor
devices.

NEW RCA TUNNEL DIODES
1,71, ICapacitance(C)
Ratio uuf
Type 1o(Ma) | (min) | (typ) | (max) | Material
1N3128 5+5% 8:1 7 15 Ge
1N3129 20 =5% 8:1 10 20 Ge
1IN3130 50 =5% 8:1 12 25 Ge
1N3138 50 =5% 20:1 10 30 Galtium
Arsenide

For additional information on high-performance,
low-price RCA Tunnel Diodes, call your RCA repre-

sentative.

For further technical data write RCA

Semiconductor & Materials Division, Commercial
Engineering, Section J-19-NN-1, Somerville, N. J

[
‘ PUM/P.\/\

fe50MC

L]

RCA-IN3129

INPUTS ©O—
(3)

MAJORITY LOGIC

BALANCED PAIR "AND"
GATE CIRCUIT USING NEW|
OUTPUT RCA TUNNEL DIODES. |

RCA~IN3i29

NOTE: ALL RESISTANCE VALUES ARE IN OHMS. |

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES

EAST: 744 Broad Street, Newark, N. J., HUmboldt 5-3900. NORTHEAST: 64 "A" Street, Needham Heights 94, Mass.,
Hillcrest 4-7200. EAST CENTRAL: 714 New Center Bldg., Detroit 2, Mich., TRinity 5-5600. CENTRAL: Suite 1154, Merchandise
Mart Plaza, Chicago, lIl., WHitehall 4-2900. WEST: 6355 E. Washington Blvd., Los Angeles, Calif., RAymond 3-8361 » 1838 E|
Camino Real, Burlingame, Calif., OXford 7-1620. SOUTHWEST: 7905 Empire Freeway, Dallas 7, Vexas, FlLeetwood 7-8167.
GOV'T: 224 N. Wilkinson St., Dayton, Ohio, BAldwin 6-2366 . 1725 "K'* Street, N.W., Washington, D. C., FEderal 7-8500.

Available Through Your RCA Distributor

The Most Trusted Name in Electronics

@ RADIO CORPORATION OF AMERICA
e el .
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REEP AHEAD WITH HAVEG

PRECISION PLASTIC MOLDINGS

“Haveg offers the most complete precision plastic molding facilities,
experience and ‘know-how’ available anywhere.”

} ' : o -

(a) A series of crab locks molded
from Nylon.

(b) Electrical connectors for making
and breaking as many as 41
electrical circuits at one time are
used in missile trocking equipment.

That's a strong statement but a very important one to

remember in planning any type precision molding project. (c) Comparator chart in background
Haveg works with every known material to provide the enlarges connectcrs 10 times
most economical moldings . . . with properties necessary to and checks the accuracy of all
meet the most rigid specifications. (d) ?Z'f’u:?.iéﬂsm stereophonic
Today Haveg is literally making design dreams come true . . . record player. This is a complicated
through its extensive research and development but very small part (one third
laboratory facilities as well as the best quality control the width shown) n which three
laboratory within the industry. insets are molded into the head.
Quality claims are made by many BUT Haveg and only

Haveg provides the expert tool design and construction, ,@90/4&%1 with

equipment instrumentation, careful testing of incoming

materials as well as many other specialized operations so H AVE G
necessary to assure highest quality precision moldings. >

Haveg is justifiably proud of its unsurpassed versatility in .

facilities and engineering experience . . . we will be FIRST IN &f/”w’w/ PLASTICS
happy to put them at your disposal. Why not consult us

on your next project . . . you'll find it paysto. .. TAUNTON DIVISION

keep ahead with Haveg. HAVEG INDUSTRIES, INC.

336 Weir Street . Taunton, Massachusetts

Other Operating Divisions : Blow Molding Division — Bridgeport. Connecticut * Chemical Materials Division — Wilmington, Delaware * Haveg Corporation — Wilmington, Delavare '
Reinhold Engineering & Plastics Co., Inc. — Norwalk, California  American Super-Temperature Wires, Inc. — Burlington, Vermont » Hemisphere Products Corporation — Rio Piedras, Puerto Rico
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INPUT

NAME R
OSCILLOGRAPHIC B2
RECORDING NEEDS —

METHOD
A T NUMBER OF CHANNELS

LARGE-SCREEN
VISUAL PRESENTATION

oo b,'
“"BUILDING-BLLOCK" FLEXIBILITY
CAN MEET THEM TRANSDUCERS

RELATED INSTRUMENTS,
ACCESSORIES

1.channel, 21 Ib, portables — Model Model 320 2-channel, Model 297 2-channel re-
299 far general purpose DC recording, 4.speed portable ... 50 corder, rack mount in 10%2”
Model 301 for AC strain gage recording. mm wide channels. space or portable housing.

1- to 8-channel ""150's", DC to 100 cps.

MODEL 151 MODEL 152

MODEL 154 MODEL 156 MODEL 158
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Single-chassis, 6- and B8-.channel
amplifiers for 950" systems include
high and low gain general purpose
types . .. far “650" systems and optical
oscillographs of other manufacturers, o
6- or 8-channe! medium gain amplifier.

tnterchangeable, plug -in preamps for 850" systems include
Carrier, Phase-Sensitive Demadulator, DC Coupling, Low Level
... for 350" systems, oll 850" types plus 400 Cycle Fre-
quency Deviation, Logarithmic types . .. far “150" systems,
all **350" and “'850" types plus"AC-DC, AC Wattmeter, RMS
Valt/Ammeter, Frequency Meter, Stabilized DC types,
ond Triplexer 3-channel electronic switch.

= - - Erom DC to 150 cps with mast Sanborn systems which
produce inkless, heated stylus recardings in true rectangu-
lar coardinotes . . . up ta 5000 cps with new optical system
- using ultroviclet-sensitive paper. Optical X-Y Recorder
has 2500"/sec. writing speed, immediate readaut,

4

]

Sanbarn “building block' units give you extremely wide packaging
Aexibility: 150" amplifiers and recarders can be seporately housed
or combined in mabile cobinets . . . "350' preamps moy be used olone
orina system , .. 850" and "950" systems can have up to 16 channels
in a single cabinet . . . optical 5000 cycle recorder can be housed with
X-Y recorder, etc. All Sanborn multi-channel recorder assemblies and
350, 650, 850 & 950 omplifier modules fit stondard 19" racks.

Up ta 8 brilliont, long-persistence sA N BORN
traces presented simultaneously on the co M PA N v
new 17”7 Sanbarn Model 769 scope.
Circuit indudes individuol gating ampli- INDUSTRIAL DIVISION
fiers for each Y axis.
175 Wyman Street, Waltham 54, Mass.

>3

Measure linear velacity and displacement with Sanborn LVsyn,
Linearsyn and "probe-style’’ transducers. Strakes from 0.005”
- - to 10”, high sensitivities, 0.5% linearity; special types for high
e g . .
temperatures, pressures . . . single-ended ar differential pressure
meosurements at 40 uv,'0.1mmHg ‘valt sensitivities, with 267, 268
rg Series pressure transducers.

Camplete Sanborn equipment for your oscillagraphic recording
needs includes a variable speed Chart Viewer . . . Serva Monitor
Phase Shifter ... ""150" Series Wide Bond Driver Amplifier ... a
Monitor Meter , , . 4- to 32. channet Event Recorders with Transistor
Driver Amplifiers,

See how Sanborn oscillographic recording building-block flexibility can provide the most svitable equipment for your needs. Ask your
Sanborn Sales-Engineering Representative — offices in principal cities throughout the United States, Canada and foreign countries,

4

Ecanomical 8-chan- Model 958-16 Com- 6- or 8-channel Model 650 1. to Mode! 670A High Simplified 6. or 8. 6- or 8.channel
nel “950" high gain, plete 16-channel sys-. “'850's", min. panel 24 - channel optical speed {100 cps) opti- channel system, 5 volts ~ “350's", DC to 150
general purpose sys- tem with amplification space. system, DC to 5000 cal X-Y recorder, full scale. cps.
tem. . . . cabinet or rock cps.

mounting.
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PHILCO ANNOUNCES

NEW HIGH-SPEED
SWITCHING TRANSISTOR
IN TO-18 CASE.

MASS PRODUCED with
ABSOLUTE UNIFORMITY AN
to the TIGHTEST SPECS

IN THE INDUSTRY

This new Philco Germanium
MADT is specifically designed
for high-speed switching appli-

MADT® 2N779

ABSOLUTE MAXIMUM RATINGS

. . . Storage Temperature. . .. ... .................... —66°C to +100°C
cat.lons and_ is the ideal NOR Colector Voltage, Yegs . .. ... .......... .. .. ............ 15 volts
logic transistor. The MADT Total Device Dissigation at 26°C. .. .. ................. ... 80 mw
Precision-Etch* process makes it ELECTRICAL CHARACTERISTICS (T—25°C)
possible to manufacture the SEiic Chasacterlotics TMin. | Typ. | max.
2N779 with the tightest control Caltector Cutaff Current, Igag (Ves = ~5v) 10 3 ua
. 0C Current Amplification Factor, heg (Yoe = —0.5v, lg = ~10 mg) 50 90 200
f)f parameters of any transistor Bas Voltage, Ve (I = ~10 ma, Is = —0.6 ma) 0.29 , 033 | 03 | v
in the entire industry. This ex- Collector Saturation Voltage, Vee (SAT) (fo= —10 ma, lg= —05ma) | 09 | 012 | 06 volt
treme uniformit eatly si i- High Frequency Characteristics
. y gr t ys mpl Output Capacitance, Cop (Yos = —3v, lg=0, f= 4 mc) l 19 25 uuf |
fies the design of high perform- Input Gapacitance, G (Ves = —Iv, Ig =0, = 4 mc) 0 | 10 Y
ance, low cost Switching cireuits. Gain Bandwidth Product, fr (Veg= —bv, lg =7 ma) 320 ; 450 me |
. . Switching Characteristics
For. complfete data and infor- Rise Time, 1, (8¢ =10) 3 % | musee
mation, write Dept. E£10760. Hole Storage Factor, K’y 39 50 | musec
Fall Time, %y (Bco=10) 10 18 musec
*Trademark Philco Corp.

Immedialely available

PHILCO

Jrom your Philco

Industrial Semiconductor

Disiribulor.
LANSDALE DIVISION . LANSDALE, PENNSYLVANIA
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jBl(UJ)

Hl(w) N G,e—

fol1)

INPUT
PULSE

PULSE- STRETCHING
NETWORK

Bilw) = ¢lw)+T 1w

f(1)

STRETCHED
PULSE

eiectronics
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PULSE-COMPRESSION
NETWORK

Gze -j,82(w)

Bz (w) =-¢(w) +Tow

f(1)

OUTPUT
PULSE

FIG. 1—Basic instrumentation of pulse compression shows the two all-pass networks, where G,:Gs = 1

Getting High Range Resolution

With Pulse Compression Radar

High range resolution is ordinarily achieved by reducing the

pulse length, requiring an increase of peak pulse power. By transmitting

a stretched pulse and compressing the received pulse,

a shorter pulse with high effective peak power is obtained

By GUNNAR P. OHMAN,

AS A RULE the easiest and most di-
rect method for achieving high
range resolution in a radar system
is with short pulses. Radar range-
resolution capability is about half
a foot for every nanosecond of pulse
length, Maximum range of detec-
tion, on the other hand, depends on
the average power transmitted,
which is directly related to pulse
energy. Both high range-resolution
and long range of detection are de-
sirable attributes but tend to be
mutually exclusive in a conventional
pusle-radar system. When the pulse
length is reduced to enhance reso-
lution, peak pulse power must be
increased to maintain pulse energy,
and this is possible only so long as
the peak-power capability of the

October 7, 1960

Radar Division, U. S. Naval Resea

transmitter is not exceeded. A re-
duction in pulse length beyond this
point will result in loss in trans-
mitted pulse energy even though
the average-power capability of the
transmitter is not approached.
Consider a transmitter that has a
peak-power capability of one mega-
watt operating at a prf of 300
pulses per second. For a pulse
length of 5 usec the pulse energy
would be 5 watt-seconds and the
average power, 1.5 Kw. If the pulse
length were reduced to 0.05 psec,
the pulse energy would be only 0.05
watt-second, and the average power,
15 watts. To have the same energy
in the 0.05-usec pulse the trans-
mitter power would have to be in-
creased to 100 megawatts, which is

rch Laboratory, Washington, D. C.

beyond the present state of the art.
An extreme case of low pulse en-
ergy is found in a radar system
that uses an 0.02-usec, 25-Kw pulse
which corresponds to a pulse energy
of only 5 x 10" watt-second, and
an average power of about a watt.

A concept called pulse compres-
sion, coupled with the relatively
recent development of high-power
microwave amplifiers, provides a
feasible method for circumventing
the high-resolution — short-range
dilemma in radar systems. The
concept seems to be due to the Ger-
mans, E. Huettmann® and W. Cauer?,
the latter considering it theoret-
ically. Both R. H. Dicke® and
S. Darlington' in this country have
proposed ideas in this field of a
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possibly more practical nature for
radar purposes. The idea is that
the transmitted signal is made to
have simultaneously a relatively
long time-duration, and a relatively
wide frequency-bandwidth. On re-
ception the signal is distorted into
a much shorter and consequently
higher peak-power pulse by an all-
pass network that rearranges the
spectral components of the signal
as to phase. Greater length makes
possible greater energy and wide
bandwidth makes possible better
resolution.

A transmitted pulse both rela-
tively long in time and great in
bandwidth might seem to be a con-
tradiction, especially since it is
common practice to relate pulse
length, T, to bandwidth, B, by the
approximate formula,

T =1/B. (1)

Equation 1, however, has validity
only for pulses generally used in
radar systems, and this formula
really specifies only approximately
the shortest pulse-duration (meas-
ured usually at the 3-db points)
possible for a given bandwidth. It
does not necessarily follow that the
greater the bandwidth the shorter
the pulse. This is brought out in
Fig. 1.

The instrumentation of pulse
compression for radar is accom-
plished by two all-pass networks,
labeled Pulse-Stretching Network
and Pulse-Compression Network in
Fig. 1. Quantities H,(») and H.(w)
are network transfer functions. As
all-pass networks their transfer
function gains, G, and G. are in-
dependent of frequency, ». Their
phase functions, B (e) = ¢(e) +
rw, and B.(w) = —¢(w) + rw, are
designed to be conjugates of each
other to within some constant delay.
Since group delay, r,, is given by

ta = dB/dw = d[fi(w) + Bw)]/dw,
total group delay through the two
networks in cascade will be 7, + 7.
independent of w, and, thus there is
no difference between input and
output waveforms except for a rela-
tive time displacement. Tnsofar as
each individual network is con-
cerned, the delay is frequency-
sensitive and the input and output
waveforms will differ although both
have the same relative spectral con-
tent. By a pulse-stretching network
it is possible to phase distort a
short, radar-type pulse (labeled In-
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put Pulse in Fig. 1) into a much
longer pulse (labeled Stretched
Pulse in Fig. 1). Note that phase
distortion may introduce both a
change in the pulse envelope and
an apparent frequency-modulation
in the sense that the axis crossings
of the carrier are no longer uni-
formly spaced. The stretched pulse
can be amplified to the same peak
power as the short input pulse in
a power amplifier of a given peak-
power capability, and the stretched
pulse, which has greater energy be-
cause of its greater length, would
be transmitted. On reception the
stretched pulse is passed through the
conjugate network (labeled Pulse-
Compression Network in Fig. 1)
and the short pulse with all its reso-
lution capability is regained at the
output. The pulse-stretching and
pulse-compression networks form a
pair of matched filters, and the
process falls in the broad category
of matched-filter theory.

Pulse compression as depicted in
Fig. 1 implies a completely linear
system. Unfortunately, both the
attainment of high pulse energy
and good efficiency require that the
transmitter be driven to satura-
tion, where it is usually nonlinear.
The seriousness of transmitter
nonlinearity on system operation
depends on the stretched-pulse wave-
form. For example, narrow, high-
amplitude spikes would be clipped
by the transmitter with a consider-
able change in the pulse spectrum
and the output of the compression
network might differ significantly
from the desired compressed-pulse
waveform. To avoid clipping and
possible degradation of pulse shape,
the transmitter would have to be
operated in its less efficient linear
region, if this is possible. More-
over, the pulse energy would "be
further limited because the peak
pulse power would then be set by
the amplitude of the highest peak in
the stretched-pulse waveform. How-
ever, if the amplitude of the
stretched-pulse waveform were con-
stant over the major portion of
its duration, transmitter clipping
should be less serious and both
pulse energy and transmitter effi-
ciency could be enhanced.

For optimum transmitter opera-
tion, then, the ideal stretched-pulse
waveform is rectangular. Fortu-
nately, this is also a usable one,
although it leads to difficulties. The

idea of pulse compression is often
explained® in terms of a rectangu-
lar, linearly-frequency-modulated,
stretched pulse like the one illus-
trated in Fig. 2A. Mathematically,
the apparent instantaneous fre-
quency, », as shown in Fig. 2B, of
such a pulse can be represented as
w=w, +al, —=T/2<it<T/2,
where w, is the center frequency of
the pulse and @ is the rate of fre-
quency modulation. -

If the compression network has
an incremental group delay against
frequency of the same rate but in
the opposite sense, as shown in
Fig. 2D, for example

¢ = (wo — w)/a + 7o (2)
all the frequency components of the
stretched pulse will arrive in phase
at the output of the compression
network at some particular time
with a build-up of peak pulse power
that must be balanced by a corre-
sponding reduction in pulse length,
since energy is conserved.

Several assumptions have been
made that are physically realizable
and valid theoretically only as ap-
proximations. It is not possible to
phase distort a pulse of finite dura-
tion into a long, frequency-modu-
lated, rectangular pulse by a finite,
linear, passive network; at best the
stretched pulse must have a low
amplitude tail that theoretically ex-
tends to infinite time, and would be
gated out in the transmitter. Actu-
ally, a linearly-frequency-modu-
lated, rectangular pulse can be
generated to a good approximation
by active means using a gated, volt-
age-tuned backward-wave-oscilla-
tor; no pulse-stretching network
would then be required.

The group-delay characteristic
assumed in Eq. 2 for the compres-
sion network is negative at certain
frequencies, and this is also im-
possible, but by introducing a suffi-
cient amount of fixed delay, r., into
the compression network, the de-
sired delay characteristics can be
approximated as a positive quan-
tity over the range of frequencies
that encompasses the major part of
the pulse spectrum.

If the stretched-pulse spectrum
(Fig. 2C) is assumed to be rec-
tangular, and the compression-net-
work delay (Fig. 2D) linear with
frequency, the compressed-pulse
waveform f,(t), as given by the
inverse Fourier transform, and as

electronics
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FIG. 2—Pulse-compression scheme shows an idealized
linearly-frequency-modulated stretched-pulse
(A), stretched-pulse instantancons frequency (B), ideal-
ized pulse spectrum (C), compression-uetwork delay wvs
frequency (D), idealized compressed-pulse waveform (E)

shown in Fig. 2K, is

Ji(h) = wo +aT\/2
N o ] m s jwt
2<|(ul part of o A % it (w

oS w, —aTl)/2

AaT, sin (aTi/2)
- V2ra (aT\/2)

Equation 3 shows that the peak
power, P, in the compressed pulse
is larger than the peak power, P,
in the stretched pulse, and the com-
pressed-pulse length, T., is smaller
than the stretched-pulse length, T..
Let P./P, be the peak-power ratio,
and since the spectrum bandwidth,
B=aT,/2x, then

AaT1Y
Py/ Py = A2=BT=T,/T,,

where T. is taken arbitrarily as
1/B, and is the 4-db, compressed-
pulse length. The time-bandwidth
product, BT, of the stretched pulse
thus corresponds closely to the ac-
tual compression ratio and the in-
crease in peak power that results.

The idealized spectrum (Fig.
2C) is not the true spectrum of the

oS wol. (3)
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al, ——

= w

(B)

waveform

stretched pulse (Fig. 2A), but an
approximation that improves with
increasing compression ratio. The
actual spectrum, F (w) ; is given by

7,/2
]"(w)——’/‘A sin{wa! + al? 2)e—ivtt
T,/2

—T
A = (e W)
AV 2a
[CCa) +C (1) +580n) +5S ()],

Q) =/(~()s T /2 du
S(n) —fsin m?/2 du

are Fresnel integrals, and

w. 2= N BT1/2(1 + 2(ws — w)/aTil.
There is also a similar spectrum at
negative frequencies about —e..

Spectrum amplitude is plotted for
nominal compression ratios of 18
and 200 in Fig. 3A and 3B, respec-
tively. The latter is not a precise
plot because the scale of the graph
makes it impractical to include the
low amplitude, fine structure that
should be superimposed on the

where

Wo

FIG. 3—True spectrum for the mominal compression
ratios of 18:1 (A) and 206 :1 (B), with amplitude plotted
against frequency. A true waveform for the lower figure
would show a low-voltage, high-frequency modulation
that cannot be drawn at this scale

curve shown.

A compressed-pulse envelope sim-
ilar to the sin(aT,t/2)/(aT.t/2)
form obtained in the example would
be disadvantageous in a high-range-
resolution radar system because the
sequence of lesser pulses that both
precede and follow the main com-
pressed pulse might mask weak
targets near stronger ones. The
designation of sidelobes is often
given to these pulses because of
their similarity to the sidelobes of
an antenna pattern.

Close analogies exist between
pulse-compressed waveforms and
antenna patterns. For example, the
pattern, G (#), resulting from a uni-
formly illuminated aperture® of
width W at a wavelength, ), is given
by
sin [(x W )) sin 6]

(wW/\) sin 8
If the width is many wavelengths
the pattern at small angles is given
approximately by

G(o)~

sin [(zH"/\) 6

GO~ ~wine
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FIG. j—Stretched pulse frequency-modulated in discrete steps (A), pos-

sible frequency weighting functions for sidelobe modification (B), and
rectified compressed-pulse envclopes for various weighting functions (C)

FIG. 5—Stretched pulse (A) and compressed pulse (B) frequency-modulated
in discrete steps. No effort was made to control sidelobe amplitude
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which is the same form as given by
Eq. 3 for the compressed pulse if
time, ¢, is considered analogous to
angle, 4.

Antenna sidelobes can be reduced
by tapering the illumination at the
extremities of the aperture. The
analogous procedure in pulse com-
pression is to use a filter that re-
duces the relative amplitude of the
spectrum at the extremities. Pos-
sibly the classic example of this is
discussed by Kroenert™, who con-
siders a linearly-frequency-modu-
lated stretched-pulse having a
Gaussian-shaped envelope. Such a
pulse also has a Gaussian-shaped
spectrum and is compressible into
a nonfrequency-modulated shorter
pulse, also Gaussian-shaped, and,
consequently, without sidelobes. It
is more practical to transmit a rec-
tangular pulse with its approxi-
mately rectangular spectrum and
to modify this spectrum in the re-
ceiver for sidelobe reduction.

The antenna analogy compares
a continuously illuminated aper-
ture to pulse compression using a
continuously - frequency - modulated
stretched-pulse. A narrow-beam an-
tenna array can be formed using
spaced, discrete radiators. In pulse
compression this would be anal-
ogous to a stretched pulse frequency
modulated in discrete steps. Such
a pulse (Fig. 5A) might be gen-
erated using successively gated
keyed oscillators, one for each dis-
crete frequency. The corresponding
compression network might consist
of a bank of tuned circuits with
fixed-delay networks to allow the
output at each frequency to be
summed at the same time. On an
idealized basis the summing can be
represented as

Ja(1)

N
A T sin (w + nAw)
n=0

sin (NAwl/2)

sin (Awt/2)
sin (w 4+ (N — 1)/2 Aw) t,
— T//2N <t < T/2N.

The center frequency of the com-
pressed pulse is w + (N — 1)/2 de
and the quantity, A sin(Niet/2)/
sin (Awt/2), is the envelope func-
tion. In order that the compressed
pulse have only a single major lobe
with no more than one complete
cycle of sidelobes, the length of each
frequency packet, T,/N, must be
such that the relationship is

electronics



(T\/N) Aw=2m,

or
Af =N/ T,

where Af is the frequency incre-
ment between successive frequency
packets in the stretched pulse. The
peak amplitude of the compressed
pulse is AN, so that the peak power
on compression is increased by the
factor, N*. If the compressed pulse
leneth, 7., is taken as half the time
between the first nulls of the com-
pressed pulse envelope, that is

NAaw2T,/2 = 2x,
or

T, = 2x/Naw = 1/NAf = T\/N?,

the compressed pulse is shorter than
the stretched pulse by the same fac-
tor of N2

There are problems associated
with the design of a suitable com-
pression network for the discrete
delay case. Each of the frequency
packets in the stretched pulse, be-
ing of finite length, has a (sin x) /x
shaped spectrum, and a certain
amount of spectrum overlapping
will occur, especially for adjacent
pulse packets. If the packet-select-
ing circuits in the compression net-
work are made narrow to circum-
vent spectrum overlap, the output
pulses must be long, which leads to
several major compression-lobes. If
these circuits are made too broad,
each will respond to several of the
frequency packets in the stretched
pulse and a separate delay for each
frequency packet becomes impos-
sible. A circuit bandwidth on the
order of Af represents a usable
compromise. If it were not for the
spactrum overlap, each frequency
packet in the stretched pulse enuld
be shortened to eliminate the side-
lobes in the compressed pulse.

Sidelobe amplitude can also he
reduced in discrete frequency-modu-
lation by shaping or weighting the
spectrum. Figure 4'shows the effect
on compressed-pulse shape and side-
lobe amplitude of uniform weicht-
inr, cosine weighting, and cosine-
squared weighting for N--=10. The
nrice paid for sidelobe reduction is
loss in peak power and a widening
of the compressed pulse, which is
analogous to loss in gain and a
broadening of the beamwidth in the
corresponding antenna case. Some

Figure 5 shows photographs
taken of a laboratory experiment on
pulse compression using a stretched
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FIG. 6—Block diagram shows how
porated into a radar system

pulse, frequency modulated in dis-
crete steps. Packet frequencies
were chosen low enough to show
the individual cycles. Examination
of the four individual pulse packets
which make up the stretched pulse
will show that they contain succes-
sively one additional r-f cycle, that
is, eight, nine, ten, and eleven cycles.

Figure 6 is a block diagram show-
ing how pulse compression might
be used in a radar system. Pulse
stretching and compression would
probably be done at an i-f fre-
quency because of practical con-
siderations relating to network syn-
thesis. The stretching and com-
pression networks™® generally con-
sist of many constant-resistance,
lumped-parameter, bridged-T sec-
tions of a relatively few basic con-
figurations cascaded to approximate
the desired delay-characteristics. As
low an i-f frequency as is possible,
consistent with bandwidth, is usu-
ally advantageous because stray ca-
pacitance is then less of a problem
and the atainable differential delay
on a per-network-element basis is
higher. Pulse stretching or com-
pression directly at microwave fre-
quencies would require distributed-
parameter networks for which
synthesis techniques are not so far
advanced. Pulse-shaping networks
for sidelobe reduction may be in-
corporated into the compression
network. Frequency conversion in
the transmitter must be single-
sideband so that the transmitted
pulse will be frequency modulated
in the same way as the stretched
pulse is at the i-f frequency. In the
receiver, frequency conversion auto-
matically results in only one side-
band because the other will not nor-
mally be in the passband of the i-f
amplifier. Not to degrade receiver

pulse compression might be incor-

signal-to-noise-ratio, receiver gain
must be provided ahead of the com-
pression network to compensate for
network loss, which was not consid-
ered in the theoretical discussion,
but may be considerable.

Concern is sometimes expressed
about the ability of a pulse-compres-
sion radar to resolve targets closer
together than the range equivalent
of the transmitted pulse length be-
cause energy reflected from such
targets arrives at the receiver par-
tially overlapped. Resolution capa-
bility must be that equivalent to
the compressed pulse length, the
compression network separating the
energies from discrete targets. As-
suming a linear system this conclu-
sion can also be reached by imagin-
ing the pulse-compression network
to be transferred from the receiver
to the transmitter immediately fol-
lowing the pulse-stretching net-
work. The transmitted pulse would
then have the compressed-pulse
length and the corresponding range-
resolution capability. To a first ap-
proximation, a radar system using
pulse compression 1is, therefore,
equivalent to a conventional radar
system using a transmitted-pulse
length equal to the compressed-
pulse length.
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Detecting Muscle Potentials in

By S. BAGNO, Kidde Ultrasonic & Detection Alarms, Inc., Clifton, N. J.

F. LIEBMAN and F. COSENZA,

Murry & Leonie Guggenheim Foundation Inst. for Dental Research. New York University, New York

TO WHAT DEGREE is defective jaw-
bone growth the result of heredity
or abnormal muscle function? The
instrument to be described should
help find the answer to this and
other questions. In research studies
of muscle function in humans, elec-
trodes can be placed on the skin
overlying the muscles or needle elec-
trodes can be directly inserted in
the muscles. Such methods of elec-
trode placement will not work when
studying muscle function in ani-
mals, since an unanesthetized and
unrestrained animal would soon
damage or displace the electrode
probes.

A system has been devised to
study muscle activity in unanesthe-
tized dogs. It consists of two parts:
one that is implanted in the animal,
and an exterior portion that links
the animal to a recorder. The im-
plant (Fig. 1) consists of a pair of
electrodes that are placed in the
muscle, a transistor amplifier, coil
and rectifier. The exterior part of
the system includes an oscillator
connected to a coil. This external
coil is superpositioned over the in-
ternal one and taped to the animal’s
neck (Fig. 2). The field of the

internal coil absorbs energy from
the external coil driven by the oscil-
lator. The degree of absorption is
modulated by the output of the in-
ternal amplifier, this output being
modified by the muscle potentials.
The envelope of the voltage of a
second exterior coil is recorded, pro-
viding a graphic record of the ac-
tivity of the muscle.

The magnitude of the voltage
generated when a muscle contracts
depends upon the number of muscle
fibers involved. These voltages may
vary from 50 to 5,000 microvolts.
The voltage detected is determined
in part by the geometric relation of
the electrodes to the active muscle
fibers.

Figure 3 shows the implanted and
external units. Oscillator Q, oper-
ates at approximately 50 Kc. The
oscillator, a modified Hartley, has
a tuned coil in its collector circuit
coupled to a feedback coil in its
base circuit. The feedback coil is
also connected to the base of Q., a
buffer amplifier. The output of Q.
passes to an external coil, L, of
T.. The potential induced in coil
L, of T, is rectified by diode D,
producing a d-c voltage that passes

FIG.1—X-ray photograph of implant. The two electrodes are at the right
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to the galvanometer and the output
monitor.

External coils L, and L, are posi-
tioned so that internal coil L, is
within their magnetic field. Coil
L, absorbs energy from coil L,. The
voltage induced in coil L, is recti-
fied by diode D., thus providing
power for transistor @, Since the
base of @, is connected to the
muscle, the potential generated
when the muscle becomes active
determines the base bias of Q.. To
stabilize the base circuit of Qs
against temperature change a con-
stant base bias must be maintained.
Since the bias of the implanted
transistor has to be adjusted before
it is placed in the animal, the
change from room temperature to
body temperature must be taken
into account because of the opera-
tion of the transistor. Diode D,
in series with resistor R, is con-
nected to D.. The voltage drop
across D, varies with the tempera-
ture to compensate for the effect of
the temperature change on Q..

The potential generated by the
muscle acts on the base of Q,, thus
modifying the collector current of
Q.. The collector current of Q,
which is derived from the potential
induced in coil L, by the field of coil
L, acts as a partial short circuit
across coil L,. Therefore, the field
of L, varies with the muscle poten-
tial. Thus the potential generated
in the external pickup coil (L.) is
modulated. The potential induced
in this coil is rectified. The en-
velope of this potential acts on the
base of @, to provide an output
voltage across the collector of @,
which follows the muscle potential.
The collector potential is picked up
across resistor R, which is in
series with the galvanometer, and
fed to a recorder. Potentiometer
R, adjusts sensitivity.

This work was supported in part
by the National Institute of Dental
Research.
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instrument includes an amplifier that does not require an internal power supply
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(A)

(B)
I, 1—Secondary-emission pentode trigger circuits: with positive feedback from plate to cathode (A); with positive
feedback from dynode to grid (B); and for triggering with negative pulses (C)

How to Use the
Secondary-Emission Pentode

Unique properties of the secondary-emission pentode,

important in high-speed, short-duration pulse work, make

this tube potentially useful in solving vacuum tube circuit problems

By E. J. MARTIN, JR, Midwest Research Institute, Kansas City, Missouri

SECONDARY-EMISSION pentodes rep-
resent an important contribution to
nanosecond pulse techniques.

Although many persons who have
a working knowledge of millimicro-
second pulse circuits might find it
difficult to justify the designation
of this or any other device as the
most important, the secondary-
emission pentode has done much to
advance the state-of-the-art in
high-speed, short-duration pulse
work. The tube has made possible
triggering circuits that have shorter
starting delays, better repeatibility
and shorter recovery times than gas-
discharge tube circuits used for
similar purposes. In addition, the
secondary-emission pentode makes
it convenient to use regenerative
feedback for generating fast-rise
pulses at extremely fast repetition
rates. Finally, the secondary-emis-
sion pentode can produce signal am-
plification without phase inversion,
and thus can be used in some
unique, balanced, distributed ampli-
fier circuits.
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Three types of secondary-emis-
sion pentodes are avaliable commer-
cially—the Philips EFP-60; the
E.M.I. Z-319; and the recently an-
nounced CBS type 7548.

We do not discuss or compare
specific characteristics of these dif-
ferent tube types here, but deal
with the general properties of the
secondary-emission pentode class of
vacuum tubes and demonstrate
some unique properties by consider-
ing a few circuits which are fre-
quently used for pulse generation,
triggering and pulse amplification.

Engineers not engaged in the de-
velopment and/or application of
millimicrosecond pulse techniques
should become acquainted with the
secondary-emission pentode. Its
general capabilities make it a po-
tentially useful tool in the solution
of some specific electronic circuits
problems.

The secondary-emission pentode
comprises a high-vacuum, r-f pen-
tode modified by a secondary-emis-
sion cathode, or dynode, situated

between the suppressor and the
plate. This dynode is operated at a
potential intermediate between cath-
ode and plate potentials. Its location
is such that primary electrons which
traverse the first part of the pentode
structure (from cathode through
suppressor) impinge upon the dy-
node rather than traveling directly
to the plate.* The dynode is made
of, or sensitized with, a material
that has a high secondary-emission
ratio,® usually in the range between
four and seven. Since the plate is
at a higher potential than the
dynode while the suppressor is at
cathode potential, the secondary
electrons from the dynode are col-
lected by the plate.

This arrangement greatly in-
creases the overall transconductance
of the tube without introducing
relatively large interelectrode ca-
pacitances. The secondary-emission
pentode may show an effective
transconductance in excess of 20,-
000 micromhos with input and out-
put capacitances of only 10 pf and
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PLATE VOLTAGE = 250V
GRID NO. 2 VOLTAGE = 250V
GRID NO. 3 VOLTAGE = QV
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FIG. 2—Transfer characteristics of the EFP-60 (A4)
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; trigger circuit or pulse height discriminator (B); and a varia-

tion of the feedback circuit in a secondary-emisgion pentode trigger (C)

5 pf, and a grid-to-plate capacitance
approximately three orders of mag-
nitude smaller. Thus, in the design
of cascaded, class-A amplifier
stages, the secondary-emission pen-
tode is of interest since it has a
gain-risetime factor that compares
favorably with those of other high-
frequency pentodes.

Another feature arising from the
novel arrangement is that since the
dynode emits electrons at a greater
rate than it receives them, there is
an effective positive current flow out
of the dynode. Except for the slight
delay due to electron transit time,
this dynode current is in phase with
the grid signal. Consequently, an
amplified, in-phase voltage will ap-
pear across a load impedance in the
external dynode circuit. Besides
amplification without phase inver-
sion, this positive dynode current,
along with the fact that both the
dynode and plate currents are sev-
eral times larger than the cathode
current, leads to the possibility of
using positive feedback to generate
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fast-rise pulses.

The ways in which the properties
of the secondary-emission pentode
can be emploved to advantage are
most easily explained by consider-
ing a few typical secondary-emis-
sion pentode circuits.

Consider triggering and pulse
generating circuits.*** A regen-
erative, secondary-emission pentode
trigger circuit is shown in Fig. 1A
on p 60.

In the quiescent state, the con-
trol grid potential is adjusted to a
value that is sufficiently negative to
just maintain the tube cutoff. The
cathode is at ground potential, the
plate is at some potential £, volts
above ground and the dynode is at
an intermediate potential E,,.
Since the tube is just cutoff, even
a small positive-going signal on the
grid will liberate some cathode
electrons. When these electrons
impinge on the dynode, secondary
emission occurs and the plate col-
lects an electron current several
times larger than that which origi-

nally left the cathode. Because it is
emitting electrons, the dynode rises
slightly above E,,; the plate poten-
tial drops slightly below E,. when
it collects the electrons. The drop
in plate potential is fed back to the
cathode through coupling capacitor
C. Since the plate current is several
times larger than the cathode cur-
rent, the signal fed back to the
cathode can be made of sufficient
magnitude to overcome the cathode
rise resulting from the flow of
cathode current and to drive the
cathode negative. This lowering of
the cathode potential corresponds
to an increase in grid potential.
Consequently, more electrons are re-
leased from the cathode. Thus, even
if the initiating pulse on the con-
trol grid should end during the cy-
cle, feedback will keep repeating
until the conduction of the tube has
built up to a saturation level. Satu-
ration is reached when the plate and
dynode potentials have become sub-
stantially equal so that the plate can
no longer collect all of the secondary
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FIG. 3—Amplification by conventional cascade (A) and by c¢nscaded secondary-emission pentodes (B)

electrons from the dynode.

With the tube in the heavily con-
ducting state, the cathode begins to
rise from its highly negative poten-
tial as the charge on the feedback
capacitor is equalized through the
cathode resistor to ground. This
relatively slow rise of cathode po-
tential has little effect on either the
dynode or plate potentials so long
as the supply of primary electrons
from the cathode is large enough to
maintain a rate of secondary emis-
sion at the dynode equal to or
greater than the rate at which elec-
trons can be collected by the plate.
However, once the cathode potential
rises to where liberation of pri-
mary electrons becomes small
enough to result in a rate of produc-
tion of secondary electrons at the
dynode less than the rate at which
the plate can collect electrons, the
plate current will decrease slightly.
The rise in plate potential is fed
back to the cathode to further de-
crease the supply of primary and
consequently secondary electrons.
The tube is driven rapidly into cut-
off and remains cutoff until another
positive grid pulse is applied.

The circuit shown in Fig. 1A
produces a positive output pulse
across the dynode load each time it
is triggered by a positive grid pulse.
In Fig. 1B, a similar arrangement
is shown for the production of a
negative output pulse across the
plate load. Feedback is from dynode
to control grid, rather than from
plate to cathode. The diode in the
grid circuit in Fig. 1B insures that
the feedback pulse is not impressed
on any other circuit that might be
connected to the input terminals
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and aiso tc make the feedback
nearly independent of the imped-
ance of the input generator. This
second consideration is important
when the positive trigger input is
derived from a relatively low-im-
pedance source that might make the
development of the feedback signal
difficult. An alternate form of this
circuit, which can be used when a
negative trigger pulse is available,
is shown in Fig. 1C. The dicde is
not necessary in the input cireuit
since feedback is from dynode to
control grid while the negative trig-
ger pulse is impressed on the
cathode.

In the trigger circuits of Fig 1A
through 1C, it is necessary that the
grid be biased beyond cutoff because
whenever cathode current flows in
any of these circuits, regeneration
takes place. With a grid that is not
biased to cutoff, any of these cir-
cuits will free-run. That is, another
cycle of regeneration will begin each
time the circuit recovers from the
previous cycle. Then the circuit is
no longer a trigger circuit, but
rather a pulse train generator.

The EFDP-60 transfer characteris-
tics shown in Fig. 2A ave typical of
secondary-emission pentode trans-
fer characteristics. They show there
is a disadvantage to the operation
associated with the circuits of Figs.
1A through 1C. Each regeneration
cycle must begin from cutoff where
the tube transconductance, and con-
sequently the circuit gain, is rela-
tively low. The circuit shown in
Fig. 2B obviates operating the tube
at or beyond cutoff in the quiescent
state, and makes it possible to ob-
tain an output pulse with a some-

what shorter overall rise time. In
the circuit of Fig. 2B, regeneration
is prevented by the biased diode in
the feedback circuit. No feedback
can occur until a negative-going
pulse, which has an amplitude
greater than the bias on the diode,
appears at the plate. Adjustment of
the diode bias allows the sensitivity
of this circuit to be varied; the cir-
cuit may therefore be used as a
pulse-height discriminator as well
as a trigger circuit.

A variation of the trigger cir-
cuits can be obtained by replacing
the feedback capacitor with an
open-circuited section of transmis-
sion line. Figure 2C shows such an
adaptation applied to the regenera-
tive circuit in Fig. 1A. Upon appli-
cation of a positive grid pulse to
this circuit, the progress of the tube
into the metastable, saturation-con-
duction state proceeds as described.
The negative-going voltage step on
the plate is transmitted down the
length of transmission line in the
feedback path. In-phase reflection
of this voltage step at the open-
circuited end of the line causes the
potential difference between the two
conductors to double as the reflected
step is transmitted back up the line.
Since the plate is drawing satura-
tion current, its potential with re-
spect to ground cannot change when
the reflected step reaches the tube
end of the line. Consequently, the
reflected step voltage is developed
as a positive-going voltage on the
cathode. The result is a sharp de-
crease in primary electron flow that
causes a sharp decrease in second-
ary electron flow to the plate and
the tube is driven rapidly into cut-

electronics



off. Since the duration of the high-
conduction state is dependent upon
the length of the section of trans-
mission line in the feedback path,
the duration of the output pulse
taken across the dynode load is ad-
justed by varying the length of this
transmission line.

The secondary-emission pentode
can be used for voltage amplifica-
tion without phase inversion of the
signal™ *°,

This feature leads to the possi-
bility of applications that would be
difficult or impossible using more
conventional tubes. One application
is the trigger amplifier. shown in
Fig. 3A. This amplifier might be
used with one of the trigger
circuits.

Suppose that it is desired to trig-
ger a regenerative circuit similar to
the one discussed in Fig. 2B, with
each one of the pulses in the pulse
train pictured at the input of Fig.
3A. Suppose, further, that the low-
est diode bias level at which the
trigger circuit can be operated with
insured stability corresponds to an
input pulse height indicated by the
dashed line. The pulse train must
be amplified if each one of the
pulses is to produce triggering.
However, the use of a conventional
cascaded amplifier (Fig. 3A) may
be precluded because the larger
pulses will be amplified to the point
where they cause grid current to be
drawn in the latter stages of the
amplifier string before the smaller
pulses have amplified sufficiently to
result in triggering of the regenera-
tive circuit. The amplifier circuit
shown in Fig. 3B presents a solu-
tion. The positive pulses in the train
are amplified and converted to nega-
tive pulses by the first stage in the
conventional manner, In subsequent

Epp Egs

stages, the negative pulses are am-
plified without phase inversion by
taking the outputs of the second and
successive stages from the dynodes
rather than the plates. As the am-
plification proceeds stage by stage,
there is no possibility of any stage
being made temporarily insensitive
by grid conduction. On the contrary,
as amplification proceeds down the
cascaded stages, the amplitudes of
the larger pulses are limited to a
value determined by the grid bias-
ing on the stages. Thus the output
of the amplifier string can be a
train of pulses, all of which have
the same amplitude. The require-
ment that the pulses be positive to
trigger the regenerative stage is
satisfied by taking the output of the
final stage from the plate rather
than from the dynode. Amplitude is
limited without clipper stages.

Another example of how the sec-
ondary-emission pentode can be ap-
plied to advantage is shown in Fig.
4—a distributed amplifier from
which balanced push-pull outputs
can be obtained. With conventional
pentodes, two separate amplifier
strings would be required to achieve
comparable results.

Up to this point, the discussion
has been concerned with a repre-
sentative coverage of what might
be called conventional secondary-
emission pentode circuit applica-
tions, although here the conven-
tional is somewhat unconventional
when compared with ordinary
vacuum-tube circuits.

As a final example of the uses
that can be made of secondary-emis-
sion pentode properties, consider
the cathode-follower circuit shown
in Fig, 5.

Figure 5 shows that the circuit
is an ordinary cathode-follower
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FIG. 4—Seconda1y -emission pentodes in a distributed amplifier from which
balanced push-pull outputs can be obtained
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FIG. 5—This cathode follower cir-
cuit is useful for matching high-im-
pedance sources with low-imped-
ance loads

enhanced by the connection of the
dynode back to the cathode. This
circuit uses degenerative feedback,
in much the same way that the trig-
ger circuits use regenerative feed-
back, to achieve high-performance
impedance transformation. This
takes advantage of the high effec-
tive transconductance of the sec-
ondary-emission pentode in the
cathode-follower circuit, even
though the cathode current is only
a small fraction of the plate or
dynode current. This circuit can he
applied when it is necessary to
match a high-impedance source and
a low-impedance load."
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Low-Level

Multiplexing

For Digital

Instrumentation

Coupling transformers

link transistorized input switches

to a-c amplifiers. Input and oulput

circuits are zeroed
during blank time between
channel sampling periods

to eliminate amplifier drift

By C. E. GRIFFIN, J. P. KNIGHT,
J. H. SEARCY,

Radiation, Inc., Melbourne, Florida

A MULTIPLEXER is a commutator in
which a number of voltages are
sampled sequentially, producing a
serial pulse-modulated output. In
a typical digital instrumentation
system, the multiplexer output is
fed to an analog-to-digital con-
verter for conversion to a digital
number. To date, all electronic mul-
tiplexers have been of the high-level
type, requiring individual d-c am-
plifiers for each input voltage. In
a system involving many channels,
the cost of the amplifiers becomes
sizable.

The 48-channel multiplexer de-
scribed results in a saving of ap-
proximately 50 percent over a simi-
lar system using d-c amplifiers. This
cost saving, and increased reliabil-
ity through decreased complexity,
are the primary advantages of a
low-level multiplexer in a digital
system.

The multiplexer can commutate
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Electronic multiplexer can directly acquire and multiplex outputs
level strain gages, thermocouples and other transducers

up to 48 channels, each channel
being able to produce a full-scale
output with as low as =5 millivolts
input at a maximum channel rate
of 24 Kc. The resolution capability
at the input is 10 microvolts Unit
is linear to within 0.1 percent of
full scale. Common mode rejection
is 10° to 1 with a maximum common
mode voltage of 180 volts.

A simplified block diagram of the
multiplexer is shown in Fig. 1A.
The analog portion is divided into
six identical units, each with an
eight-channel capability. This size
was selected to provide enough time
for the transformer to recover be-
tween each use.

Each unit is driven independently
at one-sixth of the system word
rate, and the unit rate may be sub-
divided independently so that in a
unit either 1, 2, 4 or 8 channels are
used. For example, if the system
word rate is 24,000 samples a sec-
ond, each unit will be operative
4,000 times a second. If only one
channel is used in a unit, it will be
sampled each time the unit is op-

erated, at the 4-Kc rate. If there
are two channels in a unit, they will
be sampled alternately at 2 Kc each.
If either 4 or 8 channels are used,
each channel will be commanded at
1 Kc or 500 cps.

Since each unit can use its chan-
nels independently of the other
units, both high- and low-frequency
data can be handled by one multi-
plexer. The sampling rate is deter-
mined by the arrangement of diodes
on a matrix plug-in board, and the
program can be changed by insert-
ing a different board.

The timing numbers shown in
Fig. 1B (right-hand side of Fig. 1)
describe the operating sequence
in sampling channel 1. During
the time channel 48 is being
sampled in unit 1, the shunt clamps
in unit 2 are closed, shorting the
inputs to a-c differential amplifier
No. 2. At the same time, the zero
clamp at the output of this ampli-
fier is closed, shorting this output
to ground. Since the amplifier is
an a-c device, shorting its input to
zero voltage and grounding its out-
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FIG. 1—Simplified block diagram of low-level multiplexer (A) shows analog portion divided into siz idemtical units,
each with an eight-channel capability; timing diagram (B) indicates operating sequence

put restore the d-c reference. Drift
and stability problems that would
be present with a d-c amplifier are
avoided.

At the end of the channel-48 time
slot (equal to 41.6 usec at the max-
imum word rate of 24 Kec), the
unit-2 shunt clamps and zero clamp
are opened. At the same time, the
channel-1 gating pulses close the
input gate of channel 1 and the
series clamps of unit 2. Hence, any
input voltage on channel 1 is cou-
pled through transformer No. 2
and amplified by the newly zeroed
amplifier No. 2. After a delay of
20 usec, se that switching tran-
sients are not coupled into the out-
put circuitry, the output gate is
closed, allowing the amplified sig-
nal to be fed onto the common out-
put line to the analog-to-digital
converter.

At the conclusion of the channel-1
word pulse, its input gate and the
series clamps of transformer No. 2
are opened. Unit 2 is allowed to re-
main idle during the time the fol-
lowing five units are sampled. This
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idle time is needed to allow the
transformer eore material to dissi-
pate energy stored during the sam-
pling period. The series clamp re-
moves all loads from the trans-
former to hasten its recevery.

The programming circuits con-
sist of conventional flip-flop and
diode matrices that provide the op-
erating pulses for the system. Diode
OR gates group the pulses to operate
clamps and gates.

The commutating element is the
transistor series switch, shown in
the simplified schematic of Fig. 2.
This switch AND gate is between the
analog input from transducer and
the input transformer (T,).

A transistor is not a perfect
switch; in the ON condition a
finite series resistance exists and
in the OFF condition a leakage re-
sistance is present. In addition, a
portion of the keying signal that
turns the transistor ON and OFF
appears at the switch terminals.
For these reasons, and to reduce
temperature drifts, two transistors
are used back-to-back in an inverted

connection (keying signal applied
between base and collector).

A fused junction silicon transis-
tor (2N495) is used in the low-
level gates because: saturation re-
sistance is relatively low (10-20
ohms) ; OFF resistance is high (over
10 megohms) and recovery from
saturation is relatively fast (2 usec
for 500,000 ohms).

The keying signal transfer in the
ON condition is relatively small and
constant with temperature for cer-
tain conditions of operation (ap-
proximately 2 mv for 0.5-ma base
current).

The switch can be turned OFF by
removing all keying voltages from
the transistor. No additional hold
off bias is necessary for small sig-
nal inputs.

The transistor switch is turned
ON by applying 0.5 ma between the
collector and base in the conducting
direction. To turn the switch OFF
all voltages are removed.

A negative-going keying signal
from the timing matrix is applied
to the base of the driver transistor
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FIG. 2—Input gate circuit (simplified diagram) uses two fused junction
silicon transistors back-to-back in an inverted connection. Gate driver re-
cetves keying pulse from timing matrix

Q, through capacitor C,. The driver
amplifier is made regenerative by
a positive feedback winding on
pulse transformer 7. but is nor-
mally biased off by a positive volt-
age on its base from the 10-volt
supply, which is across the divider
formed by R, and R.. The input
keying pulse overcomes this bias
and by positive feedback, transistor
Q. is driven to saturation.

The end of the keying pulse from
the timing matrix produces a posi-
tive spike on the base of @, by
differentiation through capacitor
C.. This spike cuts @, off. The hold-
off bias takes over and the driver
remains off until triggered again by
a negative keying signal from the
matrix.

The low-level gates are driven by
a shielded third winding on pulse
transformer T.. Resistor R, is a
damper to reduce ringing on the
secondary. Diodes D, and D. remove
all keying voltages from the low-
level gates in the OFF condition.
Resistors R., R. and R. are current-
limiters proportioned to give the
0.5-ma base current in the oN con-
dition of the low-level gates. Re-
sistors R, and R, are a low-resist-
ance path between the base and
collector of each series switch for
fast recovery from saturation.

Potentiometer R, is the coarse
zero; potentiometer R, with R.,
provides the fine zero. The zeroing
circuit is in series with the signal
line since it is connected between
collectors of the series switches.
The zeroing circuit is also in series
with the keyving circuit. Zeroing
is produced by the voltage drop due
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to the keying signal appearing in
the signal line. The polarity and
magnitude of the zero signal de-
pends on the position of the center
arms of the zeroing potentiometers.

Transformer coupling is used be-
tween the input gates and the am-
plifiers for electrical isolation be-
tween channels and to completely
isolate both sides of the input line
from the system ground, thereby
providing common mode rejection
without double gates. The trans-
former also simplifies the amplifier
following it since the amplifier is
no longer exposed to large common
mode signals.

Winding difficulties, capacitance
between windings, physical size and
recovery time dictated a maximum
of eight primaries for each trans-
former (with two windings pcn
primary). Each of the primary-
winging pairs is electrostatically
shielded from other primaries and
from the secondary windings. The
solution of the electrical and me-
chanical problems of the trans-
former is largely responsible for
the development of this multiplexer.

The a-c differential amplifiers
following the transformers raise
the level of the signal from milli-
volts to a sufficient magnitude (+4
volts) for compatibility with stand-
ard analog-to-digital converters.
The input is a-c coupled to the dif-
ferential amplifier. Two transistors
in the input are low-noise devices
which are operated with low col-
lector voltage and current. The out-
put of the input transistors is
coupled to emitter followers that
match the high collector resistors

of this input stage to the rest of the
amplifier. The gain control is at
the output of the emitter follower.
The rest of the amplifier is conven-
tional.

Feedback is applied around the
last two stages. The single-ended
output signal is coupled through an
emitter follower to the zero clamp
and output gate shown in Fig. 1.
Just prior to the time in which the
amplifier is used the zero clamp
shorts the output to ground to re-
store d-c reference.

Pushbuttons are on the front of
the multiplexer so that the coded
value of any one of the 48 channels
can be observed when the unit is
used with a Radiation Inc. analog-
to-digital converter (Radicon). De-
pressing a button feeds a command
pulse to the converter so that the
selected channel code is gated into
the display circuits. The display is
on the front panel and consists of
Nixie tubes or neon lights, depend-
ing on the converter model.

Gain controls are provided for
each of the three amplifiers. On the
multiplexers four gain steps are
provided: +5, =15, =25 and *+50

millivolts. However, other values
could be provided if desired.
The multiplexer can be used

where it is desired to commutate
a number of millivolt-range volt-
ages. However, the breakeven point,
from a price standpoint, is probably
at about 10 channels—a system
having a fewer number of channels
can be handled more economically
by using individual d-c amplifiers
and a high-level multiplexer.

To date, 12 low-level multiplexers
have been installed by Radiation In-
corporated at the Thiokol Chemical
Corp. facility near Brigham City,
Utah. These units are used for
static testing of Minuteman’s solid-
propellant rocket engines. Input
voltages have been received from
various transducers. Because of the
long signal leads (up to 300 feet)
between the test bay and the in-
strument bunker, shielding and
grounding techniques were impor-
tant. Peak-to-peak noise levels of
less than 12 microvolts have con-
sistently been obtained. Thus, no
particularly difficult noise problems
arise with the low-level multiplexer
that are not present with d-c ampli-
fier installations.
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Cathode-follower mixver pulser and a ¢-w oscillator pulsing a huffer are used to meet equipment requirements

TRANSMITTER SIMULATOR

TESTS PULSE AND PHASE-PATH RECEIVERS

By K. PERRY, Technical Assistant, Dept. of Physics, University of Queensland, St. Lucia, Australia

SIMULATION OF FIELD CONDITIONS
encountered by pulse receivers used
in ionospheric soundings requires a
unit capable of supplving a power-
ful pulse followed at a given time
by a weak pulse. The echo (weak
pulse) must be variable in range
and capable of moving through the
fixed ground pulse without anyv ad-
dition of the pulses. The trans-
mitter simulator in the figure meets
these requirements fully.

Since the two pulses bear a fixed
phase relationship to each other
this unit can also be used in the
development of phase-path equip-
ment.

Tubes V, and V. are squaring
stages, squaring the 50-cps heater
supply. (Hence the prf is 50 c¢ps.)
Switch S, is a phase reversing
switch and R, a fine phase control.
Locking the unit to the supply
means test cro’s and indicators can
be line triggered. Locking also en-
ables the echo to precede the ground
pulse, which is useful for checking
ground pulse gating circuits in re-
ceivers. Tube V, is a fixed delay,
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and V, a fixed ground pulse gener-
ator of 200 usec.

An external trigger is supplied
from the anode of V., for indicator
units using an externally triggered
time base. Delay stage V. is incor-
porated because these indicators
normally do not have any delay
facilities. Potentiometer R. controls
the amplitude of the ground pulse
which is fed to cathode-follower
mixer pulsers V, and V,, by cathode
follower V.. The trigger from V,
is fed to a variable delay stage,
which simulates echo range, then to
fixed echo pulse generator V. and,
via cathode follower V,, to the cath-
ode-follower mixer pulsers. Echo
amplitude is controlled by R..

Tube V,, is a normal vfo running
at half the output frequency to re-
duce r-f leakage between pulses.
Pulsed frequency doubler V.. uses
a band-pass tvpe anode tank circuit
to reduce the number of induct-
ances required. Two inductances
cover all bands. Capacitors C. and
C., are a combination of fixed ca-
pacitors and air trimmers. They

should be kept approximately equal.

A low impedance output is pro-
vided by V.. There is an obvious
mismatch here between the 807
anode and receiver input. However,
this is warranted in the interests
of simplicity, and in practice the
scheme works perfectly. The fine
tuning capacitor, C,, is the only tun-
ing control available on the front
panel. It is a butterfly type of 20
pf per side, from which all the
plates on one side were removed.
The remaining capacitance between
the rotor and frame was found to be
just right for the 16-Me band.

The cathode-follower mixer
pulsers V, and V,, are run off a
negative bus, so that normally
buffer stages V., and V, are cut off.
As the mixers grids are raised by
the positive pulses from V, and V,,
the grids of V.. and V,, become less
negative and begin to amplify.

A unit has been in operation for
some 15 months and has been ex-
tremely useful. Frequencies used
are those allotted to this depart-
ment for ionospheric research.
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Investment-Cast Waveguide

Ancient art of investment casting by the lost-wax process

has been brought up to date in the manufacture of microwave

waveguide components. Results of a five-year study are detailed

MANUFACTURE of waveguide sys-
tems and components usually re-
quires accurate machining and as-
sembly by soldering or dip-brazing.

Warpage can occur and produce
components of nonuniform physical
characteristics, which adversely af-
fect their electrical performance.

In seeking improved methods for
making the tortuous waveguide
shapes requiring a high degree of
accuracy and uniformity, the
ancient art of investment casting
by the lost-wax method with its
modern refinements showed prom-
ise. The overall electrical perform-
ance was enhanced since abrupt
discontinuities, open seams and
cracks were eliminated. At the same
time unit production costs were re-
duced.

Many advantages in using wave-
guide components produced by in-
vestment casting techniques became
apparent, even with castings of
relatively simple shapes. The abil-
ity to reproduce castings of con-
sistent dimensional accuracy re-
sulted in waveguide components of
significant electrical superiority and
reliability. Cost advantages were
also evident, even when quantity
requirements were extremely low.
All these advantages became more

FIG. 1—Short 90-degree smooth-twist and transition
from %-size X-band to full-size X-band (A and B). Cut-
aways of casting (C and D) with wax pattern (E).Ex-
ternal machining required only on helical core (F)
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WHAT IS INVESTMENT
CASTING?

The ‘lost-wax’ process used by the
ancient Egyptian and Chinese civiliz-
ations thousands of years ago for
casting many of their intricate art
and religious objects, provided the
basis for modern investment casting.

A wax pattern is made by injecting
molten wax wunder pressure into a
metal die. The wax pattern is then
placed in a metal flask where it 1is
invested in a refractory shurry. This
mold is then passed through a furnace
where the wax ts melted out and re-
covered and the mold baked. The cav-
ity left by the melting out of the wax
forms the mold into which wmolten
metal is poured,.

Castings produced in this way are
characterized by a smooth surface
finish and dimensional accuracy. In
addition, the investment casting proc-
ess possesses grealt versatility from
the stand point of attainable intricacy
of castings and in the wvariety of
alloys which may be cast

apparent as more complex castings
were produced and as quantity re-
quirements were increased.

In resorting to investment cast-
ing for production of radar com-
ponents,

more advantages were

realized than were originally antici-
pated. Tooling costs were found
to be most attractive even when
quantity requirements were limited.
This means that production casting
designs and techniques can be ad-
vantageously advanced to the R & D
phase, thereby eliminating much of
the redesign and reengineering cost
and effort in conversion to a produc-
tion model. Moreover the evalua-
tions—electrical, mechanical and
environmental—are those of the
production models or quasiproduc-
tion model.

Waveguide shapes that defy
fabrication by machine tools can be
readily cast. An example of this is
the tapered twist shown in Fig. 1.
In producing such a shape by in-
vestment casting, the only accurate
machining in tooling is confined to
making the helical core of the
master pattern (F). External ma-
chining only is required here. One
advantage in tooling for investment
cast waveguide components is that
the more accurate machining is gen-
erallv confined to external machin-
ing of core pattern surfaces which
ultimately form the critical internal
dimensions of the waveguide.

Wax-assembly techniques have
also contributed in facilitating

¥
Qe

FIG. 2—Fabricated assembly (inset) uses 10 machined
parts oriented by 18 dowel pins. Cast unit (A) is shown
complete and in left and right cross sections. It is made
with (three shown) wax patterns (B) in assembly (C)
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Components

By HOWARD S. JONES,

Research Supervisor, Microwave Branch,

R. RICHARD PALMISANO,

Mechanical Engineer, Diamond Ordnance
Fuze Labs., Washington, D. C.

waveguide production by invest-
ment casting. An example of this
may be seen in Fig. 2 which shows
both the fabricated version (inset)
and the cast version (A) of a 90-
degree stepped-twist and 90-degree-
E-plane bend combination. The
fabricated assembly required ten
accurately machined parts, care-
fully oriented and pinned together
to achieve the internal spiral stair-
way configuration. In making the
cast version, two types of wax pat-
terns (B) were required for making
the final wax-pattern assembly (C).
Each of the wax patterns was
formed with self-orienting pins and
holes. In casting waveguide com-
ponents, this method of wax-pat-
tern assembly has been used to
great advantage in forming
threaded bosses, tuning pins, end
caps, flanges and mounting decks.

The development of soluble-wax
techniques during the past few
years has extended the versatility
and hence the application of invest-
ment casting. With regard to its
use in casting waveguide compo-
nents, it has in many instances
simplified the tooling (molds) and
has made possible casting for more
complex components, with further
elimination of fabrication and braz-
ing. The solubie-wax technique uses
two types of wax in forming a hol-
low wax pattern.

The first step is to mold a wax
core that is soluble in a 5-percent
aqueous acetic acid solution. This
soluble wax core is then placed in
a second mold where a second type
of wax not affected by acetic acid
is injected into the mold to sur-
round the soluble wax core. The
resulting wax pattern with the
soluble core is then placed in the
acetic acid solution where the core
is dissolved, leaving the desired hol-
low wax pattern for investment.
Some castings produced by compat-
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Examples of some intricate shapes produced by investment casting

FIG. 3—Waveguide components produced by investment casting include
transmitter-receiver feedlines (A), 4-channel tapered transitions (B) and

mizer (C)

ible wax techniques are shown in
Fig. 3.

In evaluating the electrical per-
formance of cast waveguide systems
and subassemblies, a comparison
was made between the performance
of cast units with those of identical
fabricated designs. Initially, several
simple waveguide configurations
were cast: 3-size X-band to stand-
ard X-band step transition; 90-
degree two-step twist; and E-H
plane, 90-degree. }-size X-band to
full X-band transition. Electrical
measurements of voltage standing
wave ratio (vswr) as a function
of frequency are shown in Fig. 4.
These results are typical for six or
more samples. Although the data
obtained using both manufacturing
techniques are acceptable for many
applications a significant improve-
ment in the overall performance is
noticable in each case for the cast
pieces. Since it would be difficult
as well as impractical to produce
either E or H plane 90-degree bend
transitions by the machining and
dip-brazing method, no comparison

with this technique is made.

Similar comparisons were made
on several pieces that were more
difficult to cast. These included a
compact X-band mixer, a compound
E-H plane bend, a short multistep
90-degree twist, and a short multi-
step 90-degree twist-bend combina-
tion. The performance of the X-
band microwave mixer can be char-
acterized by the voltage standing
wave ratio looking in the local oscil-
lator and antenna arms, coupling
from the local oscillator to mixer
crystals and decoupling between the
local oscillator and antenna arms.
Performance curves for these char-
acteristics are shown in Fig. 5. The
data for the dip-brazed mixers rep-
resent the best performance taken
from a selected group, while the
curves for the cast mixers were
taken from mixers selected at ran-
dom. Again, in each case the re-
sults are typical for six or more
of the sample units.

Performance curves on the other
three components are shown in Fig.
6. Although these structures were
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more complex, they exhibit the same
general behavior as those shown in
Fig. 4.

At the present time, this method
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of investment casting waveguide the
components is limited to the X, C
and Ku microwave bands.

The authors thank S

Pitman-Dunn Laboratories,
Frankford Arsenal, for his many
contributions in the investment
Inpsor of casting procedures.
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Ketay Servo Components

available separately. ..

Ketay servo components are recognized throughout
industry and military agencies for outstanding accuracy
and reliability. The advanced designs and quality
control techniques provide precision to satisfy the most
exacting requirements of today’s servo systems.

Now this same high reliability is available to your
servo systems with Ketay modular packages. These
packages are produced with the identical quality control
procedures as are the individual components ... and
provide your servo systems with the maximum accuracy
of the individual components.

Here are a representative group of Ketay components
available separately or packaged in combination.

SYNCHROS. Control and torque transformers; trans-
mitters and receivers; torque and control differential
transmitters to MIL-S-20708A. Sizes 05 to 31.

SERVO MOTORS, Featuring high ratio of stall torque
to power input at maximum rpm. A wide variety in
frame sizes from 05 to 23. Exceed environmental
requirements of MIL-E-5272A,

or in modular packages

AMPLIFIERS. Complete range of servo amplifiers, tran-
sistorized and magnetic. Outputs from 1.5 to 9 watts,
designed to operate in ambients from —55°to +125°C.
Also dual channel resolver amplifiers.

POTENTIOMETERS. A wide choice of types including
single-turn and multi-turn, with linear and non-linear
windings, ganged potentiometers as well as sector and
pendulum pots. High temperature (to 300°C) and
nuclear resistant models.

RESOLVERS. Size 08 to 23 resolvers available offering
functional accuracies to .03%, stability over a range
of —55°C to +125°C, high input impedance. Vernier
resolvers available with null spacing accuracy of 10
seconds.

FLOATED RATE GYROS, Variety of gyro spin motor
and pick-off characteristics may be combined to fulfill
desired specifications.

MOTOR TACHOMETERS. Integrating and damping
types. Size 15 integrating model requires no warm-up
time, meets environmental requirements of MIL-S-
17806. Size range from 08 to 18.

For prompt, detailed information about Ketay components or assemblies, write.

KETAY DEPARTMENT

NORDEN DIVISION

UNITED AIRCRAFT CORPORATION

COMMACK, LONG ISLAND, NEW YORK
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Designing Series Clippers

Nomograph gives component values for series clipper, especially

useful when clipper is used with transistor circuits

By ROGER R. BETTIN

SERIES CLIPPERS have proven
popular for audio circuits of a-m
transmitters, noise limiters in re-
ceivers, square wave generators
and are also gaining favor in
ssb transmitters to increase the
average-to-peak power ratio. In
vacuum-tube circuits, the design
of the series clipper is relatively
simple since impedances and d-c
voltage levels are usually suffi-
ciently high and satisfactory op-
eration is obtained with R, and R,
of the same value. (See Fig. 1).
However, transistor circuits with
their lower impedances and sup-
ply voltages make a more exact
solution necessary. Correct cir-
cuit values are now more difficult
to find by the trial and error
method and specific design infor-
mation is needed.

As shown in Fig. 1, the two di-
odes are in series with the signal
and their forward resistance is
small when no clipping occurs.
As the positive value of E,, be-
comes larger than the d-c voltage
on the diode plates, the resistance
of diode 1 becomes large, pro-
hibiting the flow of the signal
and causing clipping of positive

" peaks.

As F,, swings to its negative
cycle, the voltage on the diode
plates is reduced. When the
plate voltage is greatly reduced,

the cathode of diode 2 can no
longer follow because it is tied
to ground through R, and the
second diode therefore clips the
negative peaks.

The nomogram shown in Fig.
2 can be used to determine the
values of resistors R, R,, and R,;
R, is assumed to be known since
it is the a-c¢ impedance into
which the clipper circuit is work-
ing. Supply voltage E,., is also
known. For this nomogram to be
valid, three assumptions are nec-
essary. First, the resistance of
the clipping control R,, should be
small 'in relation to R since, if it
is not, adjusting the level of clip-
ping will also affect the sym-
metry of clipping. Second, the
diode forward resistance is con-
sidered small in comparison to

FIG. 1—Potentiometer R. in series
clipper varies clipped amplitude be-
tween zero and Eyeax

Assistant Chief Engineer, Communications Lab., Stromberg Carlson Div,,
’ General Dynamics Corp., Rochester, N. Y

the circuit resistances. Third,
the impedance of C, and C, should
be small compared to the circuit
resistances over the frequency
range.

Design of the series clipper
with the nomogram will give
three desirable and usually neces-
sary features: positive and nega-
tive peaks of the audio wave are
clipped at the same voltage mag-
nitude (symmetrical clipping);
when voltage E is equal to the
supply voltage E..., the clipped
voltage level across R, will be a
maximum and predictable from
the value of the circuit con-
stants; and the clipping level de-
creases as E is decreased—when
E becomes zero, infinite clipping
will occur.

A design problem will indicate
the sequence of operations per-
formed on the nomogram to find
the values of R, R, and R.. As-
sume the value of R, is 10,000
ohms, the power supply voltage
E,.. is +26 v d-c and the output
voltage E,.. (clipped voltage)
is = 2 v. Plot the values of R,
and E,../E;.. (or P) on the left
R, line (point A) and the P line
(point B), respectively, and draw
a line connecting points A and
B. The value of 31,000 ohms for
R can be read at point C on the
nomograph where, you can see,
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the drawn line intersects line R.

Plot the value of R, on the
right R, line (point D) and draw
a line connecting points D and
C. The value of 26,000 ohms for
R. can be read at point E where
the drawn line intersects the line

thought of as the a-c impedance
that the clipper sees. Thus, R
equals R.R,/(R. + R.) or 7,222
ohms and the value of R,/R is
0.23. Plot the latter value on line
R,/R (point F) and draw a line
connecting points E and F ex-

structed from the following de-
sign formulas and to some these
circuit design procedures may
prove to be more useful than the
nomogram itself

. ey, : . R=R(P-2+vP—1)/2
designated R.. tending it to intersect line R, sheia D & Dol
To find R,, it is necessary to (point G). The value for R, can Re = N2R K, and
find the parallel resistance of R, be read as 20,000 ohms. 1\.; — RR (1£'+ R
which is labeled R, and can be The nomogram was where Ro = Ry Ro/(Re + Ry)
R3
(IN KILOHMS) Ri " P R "
100 T R (IN KiLOHMS) 2 200 3 —8,
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FIG. 2—Nomograph for determining wvalues of R, R,

tlustrate problem in text

and R. of series clipper shown in Fig. 1. Dashed lines
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“Then,"” asit refers to the electronics industry, means. ..
“just a very few years ago.” The radically swift advances
made in those few years have changed the whole concept
of component design and performance.

Capacitor users will find the new capacitors which modern
circuitry demands at Pyramid Electric Company, where
miniaturization with highest reliability are among our
proven engineering and production accomplishments. A
few of the modern capacitor products are shown here.

——0-

o - o e ———— _

type TAD...solidtantalum high reliability capacitors.

They are available in a wide range of sizes and values,
are hermetically sealed, and have a long shelf and
operating life.

—80°C to +85°C
+125°C (with derating)
Write for bulletif ET-7

/ PYRAMIOD '

M )-5 -
! ) A ) R
\ 50V0C "

type MLE .. . true miniature electrolytic capacitors.

They are metal clad of all-welded construction, made
to last ten years or longer.

temperature range: —40°C to +85°C

Write for bulletin EL-6

temperature range:

[——— =

For full details write or call: Sales Department $-100

type TAK-H . . . wet electrolyte tantalum capacitors
with built-in rugged construction, seep and vibration
proof, and made to meet specifications MiL-C-3965.

Write for bulletin ET-8

BV AT

== MmvLar %7 }m':

type 107.. Mylar*dielectric capacitors-thesmallest
film capacitors made. Non-hydroscopic polyester die-
lectricand wrapper with thermosetting resin end seals.

temperature range: —55°C to +125°C
Write for bulletin MY-2

FMylar—reg. duPont TM

October 7, 1960

ELECTRIC oRraNGE STREET, DARLINGTON, SOUTH CAROLINA - in
Canada: Wm. Cohen, Ltd., anguay Street, Montreal » Export:
COM PANY Morhan Exporting Company, 485 Broadway, New York 13, N.Y.
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REstARCH AND DEVELOPMENT

D-C Motor Controls Improve System Accuracy

By F. W. KEAR, R&D Lab Supervisor,
Lytle Corp., Albuquerque, N. M.

MISSILE guidance systems, instru-
mentation of rocket sleds and navi-
gation devices are examples of
equipment that rely on direct-cur-
rent motors to detect physical or
electrical quantities. Because sys-
tem accuracy depends on the d-c
motors, circuits have been devel-
oped for close control of their shaft
rotational velocity and of overshoot
and response time when velocity is
changed. Such circuits have im-
proved accuracy of existing sys-
tems and in many cases made pos-
sible the successful design of new
systems.

D-c motors may be used in verti-
cal or rate gvros. Operation of
some accelerometers is based on
d-¢ motor torsion and opposing ac-
celeration forces. High-accuracy
fluid distortion accelerometers rely
on interaction of acceleration
forces and centrifugal force result-
ing from rotation of a d-c motor.

In one application, a motor
switch is operated by the opposing
forces of motor torsion and acceler-
ation. Motor torsion opens the
switch in Fig. 1, reducing rota-
tional velocity and therefore tor-
sion of the d-c motor. When torsion
ix reduced because the switch has
opened the motor circuit, accelera-
tion forces exceeding the torsion
close the switch again. Rotational
velocity of the motor shaft is there-
fore directly related to accelera-
tion forces acting on the switch.

A simple on-off arrangement
like that in Fig. 1 permits consid-
er ble overshoot when rotational
velocity is changed. Therefore the

MOTOR l
Lc;/o—

FIG. 1—Simple on-off switching of
d-¢ motor by opposing torsion and
acceleration forces permits over-
shoot

+30v
2NI74

S
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FIG. 2—Bidirectional circuit at top
has two current sources to increase
or decrease motor speed, while bot-
tom circuit requires only one
source

usefulness of this circuit is quite
limited in applications that require
highly accurate control of the d-c
motor.

Significant improvement in con-
trolling motor response time, and
therefore system accuracy, is made
possible with the circuit at top of
Fig. 2. It functions as a bidirec-
tional current switch that selects
one of two oppositely polarized cur-
rent sources for the motor. The
position of the motor switch deter-
mines the current source used.
This circuit, instead of simply ap-
plying or removing motor current,
can increase or decrease motor
shaft rotational velocity.

Polarity of current through the
motor winding can be reversed by
transistor @,. This transistor
switch either causes Q. to saturate
while keeping @, cutoff or causes

@, to saturate while keeping @. cut-
off. Capacitor C, and inductor L,
provide sufficient time delay so that
when power is initially applied to
the circuit @. and Q. are not satu-
rated simultaneously.

Switching from a single current
source can be accomplished with the
circuit at the bottom of Fig. 2.
Transistor @ is used to determine
direction of current flow through
the motor winding, which in turn
depends on the position of the mo-
tor control switch. Either @, and
Q. are saturated simultaneously or
@. and Q, are saturated simultane-
ously. When one of these pairs of
transistors is saturated, the other
pair is cutoff.

Time required for the circuit to
apply current to the motor is de-
termined by the R-C time constants
of the transistor base circuits.
This response time is also related
to the characteristics of the partic-
ular type transistors used.

The incorporation of bidirec-
tional switching circuits in systems
has resulted in vast improvements
in their performance. In many
cases, it has been possible to use
d-c motors in systems only because
bidirectional switching circuits en-
abled the motors to be controlled.

High-Efficiency Source
For Induction Heating

HIGH-EFFICIENCY is claimed for an
r-f power source designed for use
in induction heating. Absence of
tuned circuits and easy control of
duty cycle are said to reduce power
consumption considerably.

The power source, patented by
Jiri Vackar in Czechoslovakia, is
actually an amplifier. Prf of a train
of square waves applied to the con-
trol grid of the triode in the figure
determines operating frequency.
The input square waves, which
switch the triode between the con-
ducting and nonconducting states,
also control duty cycle.

During the positive half circle of
the input square wave, the triode

electronics



ROAST IT!

INHERENT STABILITY
Assured in a DALOHM RH Resistor

Even searing heat from a glowing bed of coals
causes no deviation from the inherent stability
that is standard in Dalohm resistors.

Stored on the shelf for months. .. or placed
under continuous load . .. operating in severe

conditions . . . Dalohm precision resistors retain
their stability because it has been “firmly in-
fixed” by Dalohm design and methods of
manufacture.

For all applications demanding resistors that

environmental, shock, vibration and humidity meet or surpass MIL specifications, you can

depend on Dalohm.

| HIGH POWER o WIRE WOUND o MINIATURE x o -

DALo#M TYPE RH BESISTRS ® Rated at 5, 10, 25, 50, 100 and 250 watis l

Designed for speciﬁc application ® Resistance range from 0.1 ahm ta 175K
of high power requirements, Cllul COELGE T L (723 |
coupled with precision tolerance.  *® E"f,?.'/"elﬁ 3'051/”3.,} sty o5 Bkl
Mount on chassis for maximum ¢ . """ ‘
}
|

SPECIAL PROBLEMS?

. You can depend on Dalohm, too, for help
in solving any special problem in the
realm of development, engineering, design
and production. Chances are you can
find the answer in our standard line of

Temperature coefficient 20 P.P.M precision resistors (wire wound, metal
| heat dlSSlpatlon- ® Operating temperature range fram
-55° C. ta 4-275° C.

film and deposited carbon); trimmer
potentiometers; resistor networks; collet-

fitti knobs; d hysteresis tors. If
TYPICAL DERATING CURVE ® Welded construction fram terminal ta ter- Tiing o su.an i -ﬁmo- m:q-
minal. not, just outline your specific situation.
| . 100 — < ® Ruggedly housed; sealed in silicane and
i - NG 2 inserted in radiatar finned aluminum
~ - X
e NN hausing. DALE ELECTRONICS, Inc.
° - o ® Smallest in size, ranging fram %" x %" FORMERLY DALE PROOUCTS. Inc
5 25 s —— ta 3”7 x 41" 1300 28th Ave., Columbus, Nebr.
& g ® Surpass applicable paragraphs of MIL-R- AROMISIONIO S
25 75 125 175 225 275 185468 (Ships).

AMBIENT TEMP-DEG. CENTIGRADE

CZ/':?% ceay yine

]
l INSTRUMENTS, INC.
| Write for Bulletin R-21, with handy cross-reference file card.

October 7, 1960
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light beam mterruptwns

Our affiliate, The Fisher-Pierce Co., is
in the photoelectric control business and
began fooling around with CdS photocells
as a replacement for phototubes some 6
or 7 years ago. We in turn are pretty well
into the electromagnetic relay business,
and have been tweaking springs and
whiffing magnets for about 20 years. It
shouldn’t surprise a soul then to learn that
we have a new line of photorelays, con-
sisting very simply of the respective prod-
ucts living inside a little can. This is a new
“line”, which gives you a choice in the
type of cell, relay contact arrangement,
packaging and operation under on-off,
slowly changing or high ambient light
conditions. The 8RCO1A, for example,
has a CdS cell, responds to “light —no
light” conditions, switches 3 amp. 120
VAC resistive loads with SPDT contacts,
and has an aluminum dust cover with
plug-in base. If your machinery or con-
trol circuit is already built, you might be
more interested in the complete “package
deal” consisting of both photorelay re-
ceiver and light source, whose application
requires bolting the units onto something
and plugging in the line cord.

There are all sorts of things these photo-
relays can do for you, coupled with a
small amount of ingenuity
and 120 volts. They can act
as the brains to prevent a

process or machine from grinding on if

the feed is empty or the operator’s hands
are in the way; look at the level in a bin
or column, or “measure” the level between
set points; turn on inside lights in response
to a night watchman’s flashlight; switch
display or sign lighting on at dusk, off at
midnight, on again from 6 A. M.to dawn,
in conjunction with a time switch (this is
the sort of thing in which Fisher-Pierce
shines); and all the familiar counting,
door-opening and 60-second hand-drying
applications.

If you're interested in more exotic uses
and have any hot nonincandescent bodies
lying around, we can build you a special
model with a cadmium selenide cell re-
sponsive to infrared rays (sources of infra-
red we cannot supply at the moment).
Other non-standard possibilities include
hermetically sealed units, special contact
materials and units with low or high foot-
candle turn-on points.

Be not faint of heart if your application
lies beyond the commonplace. One man
of vision found success and happiness by
using a Sigma Photorelay in his Chinese
fortune cookie machine . .. with a little
luck, you might be able to open a new
frontier in light-beam-actuated swiss
cheese manufacture. Bulletin with guiding
specs on request.
A

SIGMA INSTRUMENTS, INC.
62 Pearl Street, So. Braintree 85, Mass.
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AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 1939)

conducts with one winding of a
dual-branch inductor forming the
plate load. The second branch of
the inductor is connected between
the plate of a vacuum-tube recovery
diode and the negative terminal of
the d-c plate supply.

Each of the two windings carries
only d-c. The windings are con-
nected in parallel with respect to
a-c, with a large value capacilor
connecting the plate ends of the
windings to keep them at the same
a-c potential. Load for the induc-
tion-heating power source is induc-
tively coupled to the dual-branch
inductor.

Fach winding of dual-branch in-
ductor passes current in only one
direction

Because current flows in only one
direction in each branch of the cir-
cuit, consumption of d-c power is
said to be considerably reduced
from that required for a conven-
tional tuned cireunit to furnish equal
power to a load. In addition, duty
cycle and frequency can be easily
adjusted for particular applications
by varying the input drive pulses.

Oscilloscope Measures
Nuclear Half-Lives

OSCILLOSCOPES can be used to meas-
ure nuclear half-lives. Information
about these electromagnetic transi-
tions between nuclear states is
necessary for a systematic under-
standing of nuclei. However, pre-
viously used methods for making
these measurements have been
limited to a small part of the half-
life region.

Electromagnetic transitions with
half-lives from 107 to 10~ seconds
can be measured by delayed coin-
cidence techniques. However, one
reason that so few systematic in-
vestigations have been reported

electronics



may be that the range of the equip-
ment used was limited.

Oscilloscopes can cover the entire
time range of interest. Although
use of an oscilloscope for this pur-
pose was reported in 1947, their ap-
plication for measurement of half-
lives since then has been limited.
However, the accuracy and flexi-
bility of modern oscilloscopes
would make their use seem highly
desirable. This assumption led to
a systematic investigation by a
group at the Nobel Institute of
Physics in Stockholm, Sweden. The
Air Force Office of Scientific Re-
search sponsored the project.

Results of the study reported by
I. Bergstrom and his associates
have shown that fast oscilloscopes
now commercially available are
simple-to-use, highly practical tools
for measuring nuclear half-lives.

Seven half-lives associated with
metastable states in isotopes of
lead, tantalum and rubidium were
measured to demonstrate the prob-
lems associated with measuring in
different half-life regions. Half-
lives ranged from 4 millisec for
Pb** to 11 nanosec for Ta™. A ra-
tio of almost 10':1 was covered in
measuring these half-lives. Under
favorable circumstances, it is be-
lieved that this ratio can be ex-
tended to 10°:1.

The half-lives measured were
reasonably well known but were
chosen simply to evaluate the use-
fulness of an oscilloscope for mak-
ing the measurements. However,
the research group found a new
case of nuclear isomerism in Pb**
Half-life of the transition was
found to be 55 nanoseconds.

An additional advantage to the
wide time range available and the
other desirable characteristics of an
oscilloscope for these type measure-
ments is its availability in even
small nuclear laboratories. A
further advantage is that it can be
be incorporated in a setup for
measuring half-lives yet at other
times it can be used for a wide
variety of other tests and measure-
ments. When using the oscilloscope
in a setup for measurements above
about 1 usec, it can function as a
multichannel analyzer by continu-
ally photographing events on the
screen. Thus a permanent record is
provided of results.

October 7, 1960

From Varian, a completely stable high-vacuum

pump, effective even when handling

atmospheres with high concentrations of

noble gases such as Argon.

Another significant advance from Varian's research program,
solving the problem of pressure surges when requirements
specify the evacuation of atmospheres containing Argon

or other noble gases. Identical in all respects with Standard
Vaclon pumps, save for inexpensive modifications

to the diode pumping element.

Super Vaclon is now available in pumping speeds from

1 litre/second to 10,000 litres/second. All replacement
pumping elements, either standard or Argon-stable, are
interchangeable; your present Vaclon pump can be
modified in the field. No need for complex triode or tetrode
pumps, no need for additional power supplies. Super
Vaclon operates from the same single power source

as does the standard Vaclon pump.

For complete technical data on how Super Vaclon can solve your

special pumping problem, address Vacuum Products Division.

The Vaclon pump, developed by Varian Associates, is a
revolutionary concept in vacuum pumping. Vaclon employs
no moving parts, no fluids, no refrigerants. Vaclon's
electronic construction will provide clean vacuums to
one-trillionth of an atmosphere.

VA RIAN associates

PALO ALTO 1, CALIFORNIA

Representatives throughout the world

KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS,
HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, MICROWAVE
SYSTEM COMPONENTS, NMR AND EPR SPECTROMETERS, MAGNETS,
MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC
RECORDERS, RESEARCH AND DEVELOPMENT SERVICES.
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COMPONENTS AND MATERIALS

Thermoelectric Alloy Has High Efficiency

Raymond Wolfe and Jack H. Wernick, of Bell Telephone Laboratories,

check the mounting on a sample of silver antimony telluride before measur-
ing its Hall coefficient. The sample was cut from a zone-refined crystal of
the new thermoelectric material similar to the one in Wernick’s hand.
Silver antimony telluride appears to be one of the most efficient materials
yet invented for themoelectric applications

STUDIES UNDER WAY at Bell Labora-
tories on what appears to be one of
the most efficient thermoelectric ma-
terials yet developed were recently
discussed at the International Con-
ference on Semiconductors at
Prague, Czechoslovakia. The com-
pound, first discovered by J. H.
Wernick of Bell, is composed of
silver, antimony, and tellurium. Its
chemical designation is silver anti-
mony telluride (AgSbTe.).
Thermoelectric devices presently
being considered by industry are
based on a principle discovered over
a century ago. This discovery
showed that when two dissimilar
metals were joined together in a
circuit, a current could be produced
by heating one junction, while the
opposite end was maintained at a
relatively lower temperature. The
reverse of the effect was also found;
if a current was passed through the
pair, one junction became hotter
and the other cooler, depending on
the direction of current flow. The
effects in metals are quite small, but
with the accelerated study of semi-
conductors following the invention

80

of the transistor, much more effi-
cient materials were found.

Extensive development work is
now being carried out on practical
devices such as heat-to-power con-
verters and localized coolers, espe-
cially for miniature electronic de-
vices. Although inadequate for
many proposed applications, the ma-
terials most widely used in present-
day thermoelectric devices are lead
telluride and bismuth telluride. The
search for improved materials at
Bell Laboratories centered on ter-
nary intermetallic semiconductor
compounds, many of which have a
cubic crystal structure similar to
sodium chloride. The desired crys-
tal formation is somewhat dis-
ordered and contains heavy atoms
such as tellurium. Many compounds,
and alloys of compounds, some with
as many as seven elements, have
been produced and studied. The best
of these discovered to date has been
silver antimony telluride. This ma-
terial is now being widely studied in
laboratories.

Synthesis of these alloys involves
the direct fusion of stoichiometric

quantities of the desired elements.
Zone refining is then used.

The material possesses a very low
thermal conductivity, necessary in
order to maintain a temperature
differential between two ends of a
device. Tts thermoelectric figure of
merit, Z, has recently been meas-
ured by scientists at Radio Corpo-
ration of America, and is reported
to be about 1.75 x 10°/°C over a
range of 200 to 500C, which is the
best yet observed for p-type thermo-
elements in this range.

In studies reported at Bell,
silver antimony telluride was de-
scribed as having a disordered cubic
structure, exhibiting a thermal con-
ductivity as low as 0.0064 watts/
cm C at room temperature, only one
one-hundredth that of germanium.
While the material is always ther-
moelectrically p-type, its Hall effect
is p-1 type in some specimens, and
n-type in others.

Dr. R. Wolfe, Dr. J. H. Wernick,
and S. E. Haszko, all of Bell Labo-
ratories, ascribe this anomolous be-
havior to the presence of a small
amount of a second phase consisting
of silver telluride, which is swept
to one end by zone refining. This
n-type compound appears to domi-
nate the room temperature Hall co-
efficient at concentrations as low as
10 to 209%, while the p-type silver
antimony telluride dominates the
thermoelectric properties. Further
studies of these anomolies are in
progress and are expected to ad-
vance semiconductor knowledge.

Among the objectives of these in-
vestigations is the realization of the
optimum properties of this poten-
tially useful material. In particular,
the metallurgical problems of pro-
ducing single phase materials and
controlling carrier concentration
are of primary importance.

Polyolefin Tubing

Forms Tight Bond
AVAILABILITY of a new polyolefin
tubing and sleeving material which

heat shrinks in diameter to form a

electronics




e ————— e € —

ask Amperex
for your copy af the latest condensed tube catalog
containing data on tubes for mobile operation.

AMPEREX ELECTRONIC CORP. 230 Duffy Avenue, Hicksville, L. 1., N. Y.
CIRCLE 81 ON READER SERVICE CARv In Canada: Rogers Electronic Tubes & Components, 116 Vanderhoof Ave., Toronto 17, Ont,
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FANSTEEL
ST-A
SOLID TANTALUM CAPACITORS

Series

Length
of Body

Diamefter
of Body

Case Size 5

.250

125

Case Size 6

438

175

Case Size 7

.650

279

Case Size 8

750

.341
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tight bond, even over irregular
shapes is announced by Sequoia
Wire & Cable Company—a subsidi-
ary of Anaconda Wire & Cable.

Flame retardant and thermally
stable, the new flexible tubing—
designated as Hyshrink—can be
slipped easily in its expanded form
over terminals, connectors, wire
and cable, conduit, and hose. Upon
application of heat (275 F.), the
tubing shrinks in diameter to form
a strong mechanical bond. This
heating will not affect the flexibil-
ity of the irradiated tubing. Longi-
tudinal shrinkage is less than 10
per cent.

The material has high dielectric
and mechanical strength and tested
resistance to most chemicals, in-
cluding JP4 and 100/300 aviation
fuels and hydraulic fluids such as
Skydrol. The new tubing also re-
sists fungus growth, gives off no
toxic fumes when heated, shows a
weight increase of 0.01 per cent or
less after immersion in water, and
remains flexible and strong from
temperatures of minus 67 F. to
plus 275 F. Within this range, the
applied tubing will not melt,
harden, flow, run, crack, or blister.

Entirely free of radioactivity,
the versatile tubing and sleeving
material—because it has been ir-
radiated—demonstrates exceptional
resistance to radiation.

Upon application of heat, it takes
but a few seconds to shrink the
tubing to a pre-determined size,.
The use of hot airguns, ovens, radi-
ant heat, and hot liquids are recom-
mended for this purpose.

Cable harness shows possible appli-
cation of polyolefin tubing
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The new tubing and sleeving ma-
terial can be used for insulating
splices, connectors, pigtails, etc.,
and for identification purposes, be-
cause of its temperature character-
istics, the material has significant
application in nuclear ships and in-
stallations, space vehicles, and in
other commercial and military elec-
tronic applications.

Scandium Oxide Now
A Production Material

THE PRICE of scandium oxide is cut
by almost 50 per cent—but in ultra-
pure form the cost is still $2,850
a pound. The old price was $5,500.

Vitro Chemical Co., domestic pro-
ducer of the element, explains the
big price cut this way: scandium
was previously obtained experimen-
tally in gram quantities. It is now
a production item, being turned
out by improved process techniques
and expanded production facilities.

Not much is known about scan-
dium oxide. Derived from certain
nuclear ores, it has been the sub-
ject of an Air Force research pro-
gram and has been used experimen-
tally in such fields as electronics,
mewallurgy and ceramics. But it
was previously too scarce to support
wide-spread studies.

Scandium is closely related to
highly-useful elements in the rare
earths group which are finding
their way increasingly into missiles
and nuclear applications. This is
one reason a lot of companies are
eager to take a closer look at it.

The $2,850 price tag applies to
99.9 per cent pure scandium oxide.
A purity of 99.0 per cent now costs
$2,750 a pound. Old price: $£4,995.

Soviet Tape Material

VIENNA, AUSTRIA—Trial production
of recording tape made by galvanic
metallization has been started in
the U.S.S.R., McGraw-Hill World
News reports. A nickel-chromium
layer of four to seven microns opti-
mum thickness exhibits a coercive
force of 200-300 Oe and 5—5 k G
of remanence. The properties of
this new tape are claimed superior
to those of tape produced from
magnetic powders, the Czech Tech-
nical Digest claims.

October 7, 1960

§ POWER RECTIFIERS §

MORE NEW

FANSTEEL
SILICON

L9 |

9 Amp.

Type 9A

12 Amp.

Type 7B

20 Amp. 35 Amp. D

Type 6B Type 4B

";\-‘*“J
2N

it

p—

90 Amp. 70 Amp.

Type 10A Type 8B

Write for latest technical data on Fansteel Silicon Power Rectifiers.

C FANSTEEL
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PRODUCTION TECHNIQUES

Scaffolds, Built-in Tables Speed Harnessing

WIRING HARNESSES for large elec-
tronic systems may weigh several
hundred pounds and require har-
ness boards more than 100 square
feet in area. Efficient production
of such huge harnesses usually re-
quires setups which enable any sec-
tion of the board to be reached
easily. If the harness can be com-
pletely finished on the same board,
costs are cut further by elimina-
tion of double handling, possible
damage to the harness and extra
blueprints, as well as better utiliza-
tion of floor space.

This approach is generally fol-
lowed by the harnessing group at
Raytheon Company’s North Digh-
ton, Mass., plant, which annually
turns out 18,000 to 25,000 har-

Section of harness board for radar cable swings out to provide horizontal

nesses. One of the largest har-
nesses made here, for a nuclear
submarine’s sonar system, is shown
on the cover. It takes about 300
hours to prepare the board and
build the harness. The board meas-
ures 12 by 16 feet and contains
some 1,200 guide nails. The har-
ness weighs more than 320 pounds.

To avoid ladder climbing, all
work is done from a scaffold which
can be raised by power winch to
about eight feet above the floor.
The scaffold is locked in position,
in increments of one-half inch, by
steel pins placed in vertical steel
posts. Fluorescent drafting lamps
can be mounted on the guard rail
behind the harnessers to improve
illumination at the working level.

working surface for terminal and connector soldering

Section of board shown on cover.
Harnesser is coding wire ends
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Women solderers also work on
scaffold

h~%

Second wire supply is mounted on
scaffold

The scaffold is reached by an ad-
jacent flight of stairs.

During board preparation, small-
scale drawings are used to guide
the positioning of full-scale dia-
grams on the board. Wire end po-
sitions on the diagram are fanned
out to make their identification
easier and to provide more working
room for inspection, wire end
preparation and terminal soldering.

Precut and stripped wires are
not used since the wire runs of
about 400 inches are too long for
preparation machines. Moreover,
color-coding is not required on this
harness, so all-white wire can be
used directly from spools at a sav-
ing. Wire ends are identified with
markers made of fungicide-im-
pregnated cloth., The markers can
be hung from a ring on the guard
rail for convenience.

Wire is supplied from storage
spindles holding four 2,000-foot
spools of 22-gauge wire. Wire for
the upper sections of the board is
drawn from a spindle mounted on
top of the board. Wire for the
lower section is taken from a spin-
dle mounted on the scaffold.

The harnesser’s work is checked
by a second man, who compares the
lay-in pattern against a sequen-
tially-numbered wiring legend. The
harness is also inspected with a
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O SUBMINIATIRE EERIES

DPD SERIES

The assembling of highly-flexible electronic systems and sub- AN N n
systems into a modular package. ., for fast inspection, testing,

service, and replacement of components . ., calls for standard- w. PL

ized-type plugs throughout the system. Reliability and optimum -
flexibility in shell designs and types of layouts are the design

criteria for the more than 18 different basic Cannon Modular
and Rack/Panel Plug Series, This Series is available in standard, miniature, or subminiature sizes. .. for
standard or printed circuitry, Up to 180 contacts and a varied combination of contacts for control, audio,
thermocouple, co-ax, twin-ax, and pneumatic connections, Single or double-gang. With or without shells.
The Rack /Panel Series ranges from the tiny "'D"' subminiature to the heavy-duty DPD Rack/Panel Plug. For
further information on Cannon Modular and Rack/Pane! Plugs write for Cannon DP Catalog, Cannon Electric

Co., 3208 Humboldt St., Los Angeles 31. Please refer to Dept. 422, Factories in Los Angeles, Santa Ana, Salem,
Toronto, London, Paris, Melbourne, Tokyo. Distributors and Representatives in the principal cities of the world.
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ACTUAL SIZE

MIDGET TOOLS FOR
MINIATURIZED WORK!

Midget tools for work on miniature
assemblies are another Utica spe-
cialty. We have designed and stock
the industry's broadest line of
midget pliers and other special hand
tools for working with ease in the
most confined places. All are pre-
cision, finely finished tools. All are
backed by famous full guarantee.
See for yourself! Contact your Utica
distributor or write for our latest
hand tool catalog.

Utica Drop Forge & Tool Division,
Kelsey-Hayes Company,
Utica 4, New York.
tools the experts usef
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Radar harness is over 30 feet long.
Cable makers complete lacing

Sections of the board are raised on
kinges

continuity buzzer made from :
110-volt stepdown transformer anc
muffled doorbell. The buzzer’s leads
are connected to opposite ends of
each wire run. A multiple test fix-
ture to handle inspection is underx
development.

After wiring is completed
women solderers finish up the har-
ness with terminals and connectors.

Another of Raytheon’s techniques
permits harness to be finished on
the board, yet provides solderers
with a horizontal working surface.

Seated girl strips wire while girl
on platform does lugging

electronics



Photos, showing preparation of
cable harnesses for air route sur-
veillance radars, illustrate this
method.

The harness board is made of
plywood panels secured to slotted
iron A-frames. Sections of the
board are cut out at harness loca-
tions requiring stripping and sol-
dering work. The cutouts are
provided with folding legs and fas-
tened to the main board with
hinges. After the cable has been
built and laced, the cutouts are
raised to form worktables.

Guide nail heads are wrapped
with masking tape to prevent fray-
ing of the cable. Masking tape is
also placed around the cutouts to
prevent the blueprint from tearing.
This method is estimated to cost
875 less per cable than transferring
the harness to flat tables for finish-
ing operations.

Brazing Fixture Adapts
To Size of Workpiece

Fixzture and work coils for various
collar-sleeve assemblies. Adapters
are in center

METHOD OF BRAZING assemblies of
various sizes with a single fixture
has been announced by Induction
Heating Corp., Brooklyn, N. Y. To
modify the setup, interchangeable
work coils and adapter fittings are
mounted on the fixture., The pan-
cake type coils are mounted with
three bolts. Diameters of the
adapter vary to fit the workpiece,
but all adapter centers are bored to
fit the fixture’s elevating pin. With
an adapter and coil in place, the pin
is raised to loading position. The
work is placed on the pin, lowered
with a control knob and locked with
a clamp knob. The remainder of
the brazing cycle is automatic.
Threaded studs on the insulators
provide vertical adjustment of the
coils,

October 7, 1960
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HICKORY
BRAND:

Coaxial Cable

Measures Footage Needed

Sequential marking, available only on Hickory Brand
Coaxial Cable, lets you accurately measure the footage
you need, the footage you use and the footage you have
left...and guarantees the footage you get! Saves time
and cable!

Every two feet, numbers are permanently stamped in
sequence on Hickory Brand Coaxial Cable... means better
inventory control, eliminates waste in estimating installa-
tion requirements.

The conductor insulation and dielectric material used on
Hickory Brand RF Cables is polyethylene, making these
cables especially adaptable to applications requiring high,
very high and ultra-high frequencies.

For economy and efficiency, order Hickory Brand!

Write for complete information
on the full line of

Vo  HICKORY BRAND
)//® Electronic Wires and Cables

Manufactured by
SUPERIOR CABLE CORPORATION, Hickory, North Carolina
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On The Market

Image Amplifier Tube
POWERFUL DEVICE

A POWERFUL image amplifier tube,
called the Astracon, has been an-
nounced by Westinghouse Elec-
tronic Tube Div., P. O. Box 284,
Elmira, N. Y.

Current pilot production wili
make several tubes available on a
sample basis each month at an in-
itial price of about $7,500 each.

In development for several years,
the tube represents the near ulti-
mate in man’s ability to amplify
ordinary light. It will make visible
single particles of light that trigger
its ultrasensitive input.

An important use for the tube
will be astronomy, where it will in-
crease the light sensitivity of teie-
scope systems. With better views
of the most distant galaxies, scien-
tists can conduct spectroscopic
analyses to determine if objects are

moving away from the earth at in-
creasing or decreasing speeds. Such
knowledge is necessary to deter-
mine the nature and origin of the
universe. In the field of nuclear
phvsics, the tube will make it pos-
sible to see the light-trails of high-
energy nuclear particles in lumines-
cent crystals.

Heart of the device is a series
of four amplification stages. When
photons of light strike the light-
sensitive end of the tube, electrons
are released and propelled by high
voltages through a series of thin
films, each of which release in turn
a greater number of electrons. The
resulting image on the face of the
tube is thousands of times brightev
than the original image.
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Power Supply
FOR TUNNEL DIODES

TUNNEL DIODE Model TD1 tran-
sistorized regulated d-c power sup-
ply has been developed by Universal
Electronics Co., 1720 22nd Street,
Santa Monica, Calif., especially for
tunnel diode applications. The sup-

88

ply has low output impedance and
excellent stability.

Output voltage is 0 to 14 volts at
0-250 milliamperes. Regulation is
1 millivolt per 10 percent line
change, at any rated load; load

regulation is 1 millivolt from no
load to full load. Ripple is less than
600 microvolts rms. Transient re-
sponse is less than 50 microseconds.
The fully transistorized power sup-
ply has multiple Zener diode refer-
ence. Remote error sensing ter-
minals are provided to obtain low-
est possible output impedance at
the load.

Line input is from 105 to 125 a-c,
single phase, 60 cps. Advanced
style meters for voltage and cur-
rent are included. Panel size is 3}
by 19 inches for rack mounting;
chassis depth is 147 inches. Net
weight is 23 lbs; shipping weight
55 lbs. Units are available for de-
livery from stock at $495.00.
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Three Test Kits
PULSE TRANSFORMERS

THREE NEW test kits covering a
wide range of winding ratios and
inductances provide a total of 86
test pulse transformers for re-
search, design, breadboarding and
prototype experiments. Kits are

manufactured by PCA Electronics,

Inc., 16799 Schoenborn St., Sepul-

veda, Calif.
Availability of

these handy,

ready-to-use transformers can re-
duce the time lag experienced by en-
gineers requiring pulse transform-
ers for specific test purposes. The
MPT kit of 18 miniature pulse
transformers covers a wide range
of winding ratios and open circuit
inductances for 112 and 521 wind-
ing ratios. Approximate pulse
widths are from 0.1 through 25
microseconds.

TT Limit Kit of 28 subminiature
transistor transformers provides
end limit transformers in 112 and
521 winding ratios, useable with
pulses ranging from about 0.05
through 5 microseconds. These sub-
miniature transformers are adapta-

electronics



WHAT’S BEHIND
A BMEWS RADAR?

Years of experience—for as early as 1954, General
Electric had conceived and developed radar equipment
capable of detecting ballistic missiles at 1,000 miles. This
was the forerunner of the AN/FPS-50 surveillance radar
being provided by General Electric under subcontract to
RCA for the Air Force Ballistic Missile Early Warning
System (BMEWS).

The AN/FPS-50 radar equipment, with a range in
excess of 2,000 miles, is a singular example of achievement
in defense electronics. It is another milestone in General
Electric’s sustained engineering effort to develop and pro-
duce equipment to meet the unprecedented detection prob-
lems posed by [CBM'’s. 176-01

Progress /s Our Most Important Product

GENERAL B ELECTRIC

DEFENSE ELECTRONICS DIVISION
HEAVY MILITARY ELECTRONICS DEPARTMENT
SYRACUSE, NEW YORK




ble where space is a critical factor.

TT Range Kit of 40 subminiature
transistor transformers provides a
sampling of 2, 3 and 4 winding

transformers with ratios of 101 and
521. Approximate pulse widths are
7.2 through 3 microseconds.
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Heat Dissipator
FOR TRANSISTORS

TRANSISTOR neat-dissipating re-
tainer uses all-beryllium copper
spring fingers to accommodate
diameter variations from 0.305 to
0.335 inch, as found in TO-5, TO-9,
TO-11 and TO-39 transistor cases.
Adaptability to the transistor case
size variations saves engineering
time and costs in specifying, stock-
ing and application.

The retainer provides maximum
thermal contact with the transistor
case, giving efficient transfer of
heat from case to dissipator and
heat sink. Methods for mounting

are suitable for either printed cir-
cuit boards or chassis and heat
sinks, and give maximum retention
in extreme shock and vibration en-
The

vironments. installation is

Dry Reed Relays
1 TO 20 POLES

COMPLETE line of encapsulated dry
reed relays in 1, 2, 4, 12 and 20

90

accomplished by pressing the tran-
sistor case into the spring fingers
of the dissipator as far as it will
go, giving a smooth tension fit.
Both types of retainers are avail-
able; rivet-attaching and screw-
attaching. Both of these attaching
methods, with angle mounting
brackets, permit single, multiple or
back-to-back mounting of the dis-
sipator to printed circuit boards
and heat sinks.

Detailed information, perform-
ance graphs, etc., are available from
IERC Division, International Elec-
tronic Research Corporation, 135
West Magnolia Boulevard, Bur-
bank, California.
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pole types has been announced by
Struthers-Dunn, Inc., Pitman, N. J.,
for immediate deliveries. Any com-
bination of normally-open and
normally-closed contacts can be
furnished.

Of special interest to many users
is the fact that break-make action
can be furnished to insure non-
overlapping of contact closures. Re-
lays may be mounted in any posi-
tion; contacts have diffused gold
surfaces and are completely unaf-
fected by atmospheric contamina-
tion.

The relays consist of basic dry
reed switches with magnetic reeds
operating in an inert gas and

sealed in glass tubes. These switches
are surrounded by a direct current
magnetizing coil and the entire
assembly molded in epoxy.

Reed relays are suited to low
level and light load switching for
hundreds of millions of operations.
Exceedingly fast operation meets
the needs of many computer and
data handling applications. When
designed with several coils con-
trolling a single reed, they may also
be used as logic bits. Several
special types are available for this
purpose.

Standard Dunco reed relays are
uniformly sized and shaped. All
are 1} inch long, exclusive of leads;
3} inch long including leads.
Widths and depths vary from 0.585
inch diameter for the 1-pole unit
to 1 inch depth by 24 inch width for
the 20-pole type. All terminals of
encapsulated relays are located to
conform to 0.2 inch grid spacing.
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Component Substitutor
44 SELECTIONS

COMPONENT SUBSTITUTOR will sub-
stitute for 44 different values of
resistors, capacitors, electrolytics,
power rectifiers, crystal diodes,
power resistors and bias voltages.
The Model 500 component substi-
tutor is being manufactured by
Mercury Electronics Corp., 77 Sear-
ing Ave., Mineola, N. Y.

The device will substitute 20
values of resistors from 33 ohms to
10 megohms, 10 values of capacitors
from 0.0001 uf to 0.5 uf, 10 values
of electrolytics from 4 uf to 330 pf,
power rectifiers up to 55 ma, crystal

electronics




How to get accurate
data on a small recorder

Ampex’s new CP-100 nicely balances four
desirable qualities

Compact. Definitely, and a great advantage in trailers,
in airplanes, in submarines, or even in regular labora-
tory use. There’s complete front access to everything.
All-transistor amplifiers and power supplies cut power
needs and keep down the heat — an advantage in tight
equipment layouts.

Portable. We’ll frankly admit it takes two men to carry
it — not just one and a half. But by calling in an occa-
sional fractional man (or by using an accessory dolly)
you gain exactly the needed performance that port-
ables have lacked until now. In laboratory use, the
CP-100 is “bench-top equipment.”

Precise. Let the numbers talk. Though compact, the
CP-100 is a full-fledged. uncompromised laboratory
recorder: 200 kc response at 60 ips tape speed (and
proportional at others): flutter well within telemetered-
data requirements; intermodulation distortion so low
it never adds spurious data of its own.

Universal. Yes, in numerous ways. The CP-100 isn’t
fussy about power; takes 115 or 230-volt AC at 50, 60
or 400 cycles or 28-volt DC from batteries or genera-
tor. Kinds of data: direct or FM-carrier, by inter-
changeable plug-in amplifiers. And it records and plays
back as well.

The essential data

Model: CP-100 Compact Recorder/Reproducer. Reel
size and tape width: 10%-inch reels with %2~ or 1-inch
tape (as specified). Types of recording: direct or FM
carrier by plug-in interchangeable amplifiers. Tape
speeds: 60, 30, 15, 7V2, 3% and 1% ips. Frequency re-
sponse: direct, 300 to 200,000 cps + 3 db at 60 ips; FM
carrier, 0 to 20,000 cps at 60 ips; response at other speeds
proportionate. Tape compatibility: yes, with Ampex
FR-600, AR-200 or interchangeable with FR-100,
FR-1100, 300 and 800 series.

May we tell you more? Please write

Lo | AMPEX

AMPEX DATA PRODUCTS COMPANY
Box 5000 * Redwood City, California * EMerson 9-7111
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FROM THE SAME TERMINALS!

The Power Designs Inc. Model 4005 Power
Supply adds a new dimension to the application
of d-c sources for laboratory instrumentation. Truly
universal, the Model 1005 may be operated as a
constant voltage source, a constant current source,
a constant voltage source with automatic current
limiting or a constant current source with auto.
matic voltage limiting.

The Model 4005 employs semiconductor des
vices exclusively in a new proprietary circuit
calledssovevoncsosovororononcsssssannns

AMBITROL® is a dual regulator system per-
mitting continuous control of voltage or current
with automatic electronic cross-over to either mode
of operation.

The supply also features remote voltage pro.
gramming, dual concentric controls for both coarse
and fine adjustment of voltage or current and the
HEATRAN® circuit for electronic control of
power transistor dissipation.

*TM applied for.

MOOEL 4005 SPECIFICATIONS
INPUT: 105-125 volts, 55-440 cycles smfle phase. i
TEMPERATURE: Conttnuous duly at full load 0-50° C. ambient
POLARITY: Positive or negative output terminal may be grounded
O{MENSIONS: 5%"” W x 8%" H x 113" D.

CONSTANT VOLTAGE CONSTANT CURRENT -
Range: 1-40vdc, 0-0.5amperes.  Range: 25 to 500 mitfiam-

peres. .
Regulation: 05% or 10 milli.  Voltage compliance: Output
volts max. for line or load current constant to full

variations. mlfd output voltage of 40
f a volts.
Ripple: .001% or 500 micfo-  pegylation:0.05%or 250 micro-
volts max,

amperes max., for line or
load variations.

Ripple Content: .01% or 25
miCroamperes max.

Source Impedance: 100,000
ohms approx.

Response Time: Less than 50
microseconds,

Source 2: 0.1 ohms to 20 ke,
0.5 ohms to 1 mc,

{Prices subject to chonge without notice.

veerreeeeee. AMBITROLS

414350

*.0.8. FACTORY

,\ A,p ower ”&fig[ﬂ' i[]a 1700 SHAMES DRIVE WESTBURY, NEW YORK

EDgewood 3-6200 (Long Distance Area Code 516)
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diodes, power resistance continu-
ously variable to 5000 ohms, and
bias voltages continuously variable
up to 15 volts either polarity.

Housing is a slope front, ham-
mertone finish steel case with
specially designed handle that folds
back to serve as a rest, so that the
instrument can be used in a tilted
position.

The device is available from elec-
tronic parts distributors at $29.95.
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Micro Delay Plug-In
PRECISE TRIGGER DELAY

MICRO DELAY plug-in (Type 4209)
has been announced for the Du
Mont 425 direct digital readout
high frequency oscilloscope. The
new plug-in provides precise trigger
delay from 0 to 100 nanoseconds and
resolution within 0.1 manosecond.
A ten-turn helical delay line with
a four-digit inline readout is pro-
vided for simplicity. The unit is
inserted electrically into the ex-
ternal trigger channel of the 425,
and a selector switch permits trig-
ger source selection from the in-
ternal signal, from an external
source, or from the internal fast
rise generator. A mercury switch
millimicrosecond fast rise pulse
generator is included in the plug-
in to provide a 50-ohm source im-
pedance test signal for external ap-
paratus.

The plug-in unit may be used as
a precise, passive time standard to
make accurate incremental time
measurements on fast rise times,
and phase measurements on high
frequency sine waves from less
than 10 Mc to greater than 40 Mec.
The unit is one of a number of
plug-ins announced for the 425
oscilloscope to give it versatility as

electronics
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LOCKHEED ELECTRONICS

AJIDNICS AND INDUSTR AL PRODUCTS DIVISION
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PRINTED CIRCUITS POWER TRANSFORMERS

Quality
components
mass
produced

Advanced engineering and manufacturing tech-
niques are your assurance of the highest reliability
in these mass-produced Lockheed Electronics
components.

Lockheed offers its customers years of experience
as both a major buyer and supplier of components
as well as the complete resources of the Lockheed
complex. This experience is coupled with the most
up-to-date facilities for the manufacture of a vari-
ety of quality electronic components. Our design
engineering staff is available to assist you with
special component problems.

COMPANY

For information on Lockheed Electronics, write:
Marketing Branch — Lockheed Electronics Co.
Avionics & Industrial Products Division,
6201 East Randolph Street,

Los Angeles 22, California

Or phone: OV 5-7070
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Auto-Series* and

REGULATED
POWER
SUPPLIES

Auto-Parallel*

*One-knob Master Control - Automatic Current Equalizing ‘
Automatic Voltage Equalizing - Full Range Control From Any Selected Module 1

For the ultimate in Regulated Power Supplies, look to
H-Lab Model 865, a standout in every detail. The compact
865 is suitable for either bench or relay rack operation.
This trouble-free unit features automatic transition to a
current-limiting mode of operation. The current-limit
is adjustable by means of a front-panel knob. This power
supply is short-circuit proof, as are all H-Lab transistor
supplies. In addition, the current-limit circuit of the 865
can be set for exactly the value of current which will
provide maximum protection to the load device.

H-Lab Regulated Power Supplies are preferred
by major laboratory and 0.E.M. consumers.

H-Lab Model 865 is priced at

OTHER PRECISE, VERSATILE AND COMPACT POWER SUPPLIES INCLUDE:

$185

(with case)

Operation

SPECIFICATIONS
Output: 0-40 volts, 0-0.5 amps.

Input: 105-125 VAC
50-440 cps

Load and Line Regulation:

5 millivolts.

Size: 8"Wx5%,"Hx8"D

(with case)

Weight: 11 Ibs. (with case)

Remote Programming

Bench | Rack |Continuously

Mode! £ Out I Out Model | Model| Variable Special Comments Price
4000 150-315 0-1.5 X No Vacuum Tube Type $595.00
520A 0-36 0-20 X Yes High Efficiency 575.00
800A-2 0-36 0-1.5 X X Yes Dual Qutput 580.00
8008-2 0-36 0-2.5 X X Yes Low Cost Medium

Current Supply 339.00
8028 0-36 0-1.5 X Yes Dual Qutput

Remote Sensing 580.00
806AM 0-20 0-2.0 X Yes Remote Sensing

Remote Programming 350.00
808A 0-36 0-5 X Yes Constant E/Constant | 425.00
810A 0-50 0-7.5 X Yes Remote Sensing 895.00
812C 0-32 0-10 X No Remote Sensing 550.00
855 0-18 0-1.5 X X Yes Can be connected

in_series or_parallel 175.00
880 0-100 0-1.0 X X Yes Wide Voltage Span 375.00

Write on your letterhead for new, illustrated catalog describing the complete H-Lab line,

—

HARRISON

LABORATORIES. INC.
45 Industrial Road « Berkeley Heights, New Jersey
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a laboratory instrument.

For complete specifications on
the micro delay and other plug-ins
for the 425 oscilloscope, write In-
strument Sales Department, Allen
B. Du Mont Laboratories Divisions
of Fairchild Camera and Instru-
ment Corporation, Clifton, New
Jersey.
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Elapsed Timer
FOUR DIGIT READOUT

ELAPSED timer has 3% inch square
face and a depth of 14 inch. The
timer operates on 400 cps and is
available in two models, one read-
ing to 999.9 hours and one reading
to 9999 hours. White numerals on
a lusterless black background give
good readability. The timers are
manufactured by the A. W. Haydon
Company, Waterbury, Conn.

The timer uses a 115 volt, 400 cps
hysteresis motor & inch in diameter
by % inch long. Power consump-
tion is less than } watt; torque is
0.005 ounce-inch; horsepower is 1.5
x 10°%; weight is 1/9 ounce. The mo-
tor has also been used in a minia-
turized recycling timer.
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Dial Assembly
PANEL-MOUNTED

THETA INSTRUMENT CORP., 520 Vic-
tor St., Saddle Brook, N. J. For
use in testing aircraft indicators, a

electronics



appearances are not deceiving
THIS P&B 10-AMP RELAY IS AS RELIABLE AS IT LOOKS

Our AB relay looks rugged . . . and it is. You can specify it for
10 amp switching and confidently expect 100,000 cycles. Yet it
is compact, easily mounted, and does not require special han-
dling. Installation is simple, using your preference of screw

\-

ABC Series—AB series can be sup-
plied enclosed in sturdy metal dust
cover, PVe” x 22%2" x 2%42".

terminals (adapters), quick connects,
or dip soldering.

Designers specify the AB for air
conditioners and other products where
dependable, continual service is
paramount.

These standard AB and ABC relays
are listed by Underwriters’ Labora-
tories and Canadian Standards
Association:

Type Arrangements Type Arrangements
AB7AY DPST-NO ABC7AY DPST-NO
ABBAY DPST-NC ABC8AY DPST-NC

ABIIAY DPDT ABCI1AY DPDT

Cail voltages: 6, 12, 24, 115 and 230 volts AC, 50/60 cycle.

Contact rating 10 amps. 115 volts AC or 5 amps
230 volts AC nominductive.

U L File E-29244 CSA No. 15734
Write for complete data or contact
your nearest P& B sales engineer.

AB AND ABC RELAYS
ENGINEERING DATA

GENERAL:

Insulation Resistance: 100 megohms minimum.

Life: 3 million cycles (mechanical

Breakdown Voltage: 1500 volts rms between

all elements and ground.

Temperature Range: DC: —55 to +-45°C.
AC: —5510 445°C.

Weight: AB—5 ozs. ABC 7 ozs.

Terminals: Fit %" quick-connect terminals,

or may be applied to printed circuits

using dip soldering. Screw adapters

furnished on request.

Enclosure: ABC: Heavy duty dust cover.

Dimensions: 13%4” x 27%." x 2%42".

CONTACTS:

Arrangements:  DPDT

Material: 4 ” dia. silver. Other materials

available.

Load: 5 amps at 230 volts AC or 10 amps

at 115 volts AC noninductive.

10 amps at 28 volts DC.

COIL:

Voitage: DC: 6 to 110 volts.
AC: 6 to 230 volts,

3 nax

, () HOLES ’
TAPPED

a3 )

-

o

-
&

Power: DC: 2 watts nominal.
AC: 6.4 volt-amps.
Resistance: 35,000 ohms max.
Duty: Continuous: DC coils will withstand
6 watts at +25°C.
MOUNTINGS:
AB: Two 8-32 tapped holes on 1'4” centers,
ABC: One 8-32 stud }3” long and
locating tab.

P & B STANDARD RELAYS

ARE AVAILABLE AT YOUR LOCAL

ELECTRONIC PARTS DISTRIBUTOR

POTTER & BRUMFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO
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ALLIED

your dependable source for
everything in electronic supplies

ALLIED

electronics

FOR INDUSTRY
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BUY AT FACTORY PRICES
world's largest stocks at your

we specialize in the supply of:

o Semi-Conductors
e Connectors
e Relays

¢ Special-Purpose Tubes
o Test Instruments, Meters
e Capacitors

o Switches e Controls, Resistors

o Transformers o Timers

e Knight-Kit® Test Instruments

o Knight® Paging and P.A, Equipment

o Electronic Parts for Every Industrial Need

il

on request

1961
CATALOG

572 PAGES
most complete

easiest-to-use...

detailed tech specs...

fills all your needs

command

one order to ALLIED fills the whole bill

Your ALLIED Catalog puts the world’s largest
stocks of electronic equipment at your com-
mand. There’s no need to deal with hundreds
of separate factories—one order to us fills the
whole bill. You get same day shipment. You
buy at factory prices. Write today for your
FREE 1961 ALLIED Catalog—your one-source
electronic supply guide.

ALLIED RADIO

100 N. Western Ave., Dept. 11-K, Chicago 80, HI.
phone: HAymarket 1-6800 . TWX: CG-2898

our 40th year

—

one complete dependable source for everything in electronics
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new 360 deg dial assembly for syn-
chros and resolvers is offered. The
unit mounts on any test panel and
accepts the synchro without fur-
ther fixturing. It provides inputs to
synchro-type indicators and meas-
ures the output position from trans-
mitter-type indicators. Specifica-
tions: o-d, 5 in.; accuracy, 5 min.;
readability, 6 min. Price is $85.
CIRCLE 309 ON READER SERVICE CARD

Elapsed Time Indicator
DIRECT CURRENT

HOUSTON FEARLESS CORP., 11800 W.
Olympic Blvd,, Los Angeles 64,
Calif., has available a direct cur-
rent elapsed time indicator, sub-
miniaturized and accurate to 1
percent under severe environmental
conditions. The “Alert” meets or
exceeds MIL-E-5272C at: —65 F to
+160 F; 100,000 ft altitude; 10 to
500 cps vibration at 10 g’s. Meas-
ures 1 in. diameter by 1% in. depth,
weighs 2 oz, 20 to 30 v d-c. Offered
in 1,000 and 10,000-hr models, the
“Alert” provides accurate test rec-
ords or operational life warning for
components, modules, or systems.
CIRCLE 310 ON READER SERVICE CARD

UHF Filter
WEIGHS ONLY 4 0Z

MELPAR, INC., 3000 Arlington Blvd,,
Falls Church, Va. Using conven-
tional and printed circuit tech-
niques, a new line of bandpass fil-
ters are available in the frequency
range from 200 to 1,500 Mc. Occu-
pying less than 13 cu in. and weigh-
ing only 4 oz, multistage filters
having either maximally flat or
Tchebycheff response characteris-
tics provide signal rejection up to
35 db at one bandwidth from the
filter center frequency. Bandwidths
range from less than 5 percent to
greater than 20 percent. Maximum
pass-band insertion loss is held to
less than 1db. These filters are de-

electronics



All New Hughes 10 mc MEMO-SCOPE® Oscilloscope
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CONVENTIONAL MODE STORAGE MODE

This unique, high frequency instrument combines the benefits of a precision laboratory oscillo-
scope and a Hughes storage oscilloscope. The new Model 105 MEMO-SCOPE oscilloscope
provides high frequency response (10 mc) and fast writing speed (1,000,000 inches/sec). And, in
addition, it can store non-recurring transients on the scope for any desired period, keeping them

DC to 10 mc Band Pass (All features of Conventional Mode, PLUS:)
Sweep Range: 0.1 x secs/division; 1,000,000” /sec Writing Speed

5 X Magnifier for speeds to .02 x secs/division; Unlimited Storage Time

Multiplier for sweeps long as 10 secs/division Fast Erase (Less than 150 millisecs)
Rise Time: 35 nanoseconds X-Y Plotting
Built-in Delay Line (0.25 1 secs) Single Shot Trigger
Numerous Trigger Selections
Electron Beam Position Indicators
Plug-in Preamplifiers

visible until intentionally erased.

October 7, 1960

Photograph or Trace Directly Off Scope Face

For complete details or an interesting demonstration of the ~ CREATING A NEW WORLD WITH ELECTRONICS

MEMO-SCOPE oscilloscope and its many accessories,
write, teletype (TWX INGL 4117) or call collect:

1
HUGHES Industrial Systems Division, P.O. Box 90904, E HUGHES
1

International Airport Station, Los Angeles 45, California.

For export information, please write: L _ _ _ _ _ e

Hughes International, Culver City, California. INDUSTRIAL SYSTEMS DIVISION

HUGHES AIRCRAFT COMPANY

CIRCLE 97 ON READER SERVICE CARD
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NEW! .ece

IMMEDIATE FLAME-OUT

FLEXIBLE EPOXY

CASTING SYSTEM

HYSOL 15-032, a new flame-retardant epoxy casting
system, snuffs out immediately upon removal from
Bunsen burner flame.

Non-burning by ASTM D635-56T standards, and self-
extinguishing according to MIL-1-16923C and
MIL-T-27A tests, HYSOL 15-032 is flexible to
withstand thermal shock.

HYSOL 15-032 Flame-Out Epoxy Casting System is
recommended for use on transformers and other
electrical/electronic components requiring its unique
characteristics.

For complete information write for
Bulletin E-215.

eSSVE &
ooF "0,
c

H\V“.I‘ CORPORATION * OLEAN, NEW YORK

Formerly Houghton Laboratorics, Inc.

e Los Angeles, California

CIRCLE 98 ON READER SERVICE CARD

& HYSOL OF CALIFORNIA HYSOL (CANADA) LTD.
Toronto, Ontario

signed to meet the environmental
requirements of MIL-E-5400 and
the vibration requirements of MIL-
E-5422.

CIRCLE 316 ON READER SERVICE CARD

Inertia Switch
ACCURATELY PRESET

INERTIA SWITCH, INC.,, 311 W. 43rd
St., New York 36, N. Y. Model 6UO-
115 is accurately preset to respond
to acceleration forces from 1 g to
25 g within a tolerance of = 5 per-
cent of setting. It is designed with
only one moving part, a precision-
ground steel ball held against a
solid base by a uniform magnetic
field. When the opposing force of
acceleration exceeds the magnetic
force, the ball moves to close a
normally open electrical contact.
The switch meets all environmen-
tal specifications of MIL-E-5272,
including an operation range of
—65 F to 4200 F. Miniature
switches of this type can be utilized
for control or limiting applications
when actuated by acceleration, de-
celeration, impact and/or shock.
CIRCLE 317 ON READER SERVICE CARD

Coax Termination
VERY HIGH VOLTAGE

COMPONENTS FOR RESEARCH, INC.,
979 Commercial St.,, Palo Alto,
Calif. Designed for tank mounting
and for either cable-to-air or cable-
to-oil operation, a series of termi-
nations for RG coaxial cable have
insulating bodies of vacuum-cast

electronics
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...and Now

NEW RCA FERRITE MEMORY CORE 400M1
LCwitehee in 0.2 ucee

Ultra high-speed microminiature memory core makes possible a memory cycle
approaching 1 usec in impulse switching circuits at low driving currents

Now you can achieve a memory cycle approaching 1 psec. in
your computer designs with new RCA memory core 400M1
(formerly XF 4697). Specifically designed for use in an im-
pulse switching mode of operation, the new core has a switching
time of 0.2 psec. at a read driving current of 380 ma-turns.

Size: The new RCA core is microminiature in size making pos-
sible substantial savings in space and weight of planes and
stacks. It measures 0.030 inch outer diameter, 0.018 inch inner
diameter, and is 0.010 inch thick.

" .
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Nominul Operating Characteristics at 25°C

Strength: Despite its minute size, the RCA 400M1 core is
rugged. It will not fracture when subjected to a compressive
force of 100 grams applied between parallel plane surfaces
normal to core diameter.

Systems Engineering Service: Your local RCA Field Repre-
sentative is prepared to provide you with a completely coordi-
nated service, including transistor, ferrite and memory-system
application assistance. Call him today. For technical literature,
write RCA Commercial Engineering, Section  J-19-NN-1,
Somerville, N. J.

RCA SEMICONDUCTOR & MATERIALS
DIVISION FIELD OFFICES

EASY: 744 Broad Street, Newark 2, N. J.
HUmboldt 5-3900

NORTHEAST: 84 “A" Street

Needhom Heights 94, Moss.

Hillerest 4-7200

EAST CENTRAL: 714 New Center Bidg.
Detroit 2, Mich. TRinity 5-5600
CENTRAL: Suite 1154

Merchandise Mart Plara

Chicago 54, Hi. WHisehall 4-2900

| WEST: 6355 E. Washington Bivd.
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The Most Trusted Name in Electronics

RADIO CORPORATION OF AMERICA
®

1960

Los Angeles 22, Calif. RAymond 3-8361
1838 E) Camino Reol

Burlingame, Colif. OXford 7-1620
SOUTHWEST: 7905 Empire Freeway
Dallas 7, Texas. Fleetwood 7.8167
GOV'T: 224 N. Wilkinson St.

Dayton 2, Ohio. BAldwin 6-2366

1725 “K*' Streer, N.W., Woshington 6, D.C.
FEderal 7-8500



epoxy and feature internal elec-
trical stress control. Example illus-
trated is rated at 75 Kv and for
minimum corona level with a flash-
over voltage of 127 Kv peak. Other
models are available to ratings be-
vond 300 Kv d-¢ and for use in air,
oil or vacuum. Mechanical design
provides for easy assembly and re-
moval of coaxial cables in the
series RG14/U. RG17/U, and
RG19/U. The example shown has a
length of 10} in., a flange diameter
of 5} in. and weighs 7! Ib.

CIRCLE 318 ON READER SERVICE CARD

Toggle Switch
BARRIER DESIGN

KULKA ELECTRIC CORP., 633-643 So.
Fulton Ave.,, Mt. Vernon, N. Y. A
complete line of toggle switches
meeting MIL-S-3950A and MIL-S-
6745 specifications and incorpora-
ting a barrier configuration be-
tween terminals is available. The
harrier design increases leakage
paths and at the same time provides
a safety factor in event of a loose
connection. Line includes models
for all common circuit characteris-
ties based on dpdt or single-throw
configurations. including momen-
tary close or open functions.
CIRCLE 319 ON READER SERVICE CARD

Beacon Code Simulator
DOUBLE-PULSED

MICRO-TEL CORP., 2127 Maryiand
Ave., Baltimore 18, Md. Model PSG-

100

Dlstnbutor Service!

Sangamo’s Industrial Distributor policy offers you the fastest
possible service when purcha:ing mica. paper, plastic film and
electro ytic capacitors. Quick local delivery is assured because
these Authcrized Sangamc Imdustrial Distributors maintain a
stock cf commercial and milicary capacitors available for your
emergency requirements at factory prices. Your order is filled as

quickly as a capacitor can be

taken off the shelf and delivered.

'\. Contact your Authorized Sangamo
Industrial Distributor listed at
. right for the capacitors you need

. when you need them

SANGAMO ELECTRIC COMPANY

f '
£ Distributor Sales—Marion, Hlinois
CIRCLE 100 ON READER SERVICE CARD
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These qualified Sangamo Industrial |

Distributors will provide the capaci-
tors you need.

ARIZONA
Electronic Distributors Co., Phoenix

ARKANSAS
Lavender Distributing Corp., Texarkana

CALIFORNIA

California Electronic Supply Co., Los Angeles, 64
Capacitors Inc., Los Angeles, 42

Elmar Electronics, Oakland, 7

Newark Electronics Co. Inc., Inglewood

Radio Parts Co., San Diego

COLORADO

Denver Electronic Supply Co., Denver, 4

D. C.

Electronic Wholesalers, Inc., Washington, 1
FLORIDA

Electronic Supply Co., Melbourne
Electronic Supply Co., Miami, 32
Goddard Distributors Co., W. Palm Beach

ILLINOIS

Newark Etectronics Corp., Chicago, 6
United Television Co., Springfield

INDIANA

Graham Electronic Supply, Inc., Indianapolis, 4
Ft. Wayne Electronic Supply Inc., Ft. Wayne, 1
LaFayette Radio Supply, !nc., LaFayette
Muncie Electronic Supply, Inc., Muncie

Ohio Valley Sound, Evansville, 13

KENTUCKY
Lexington Electric Supply, Lexington

LOUISIANA
Electronic Parts Corp., New Orleans, 19

MARYLAND
D & H Distributing Co., Inc., Baltimore, 30
Wholesale Radio Parts Co., Inc., Baltimore, 1

MASSACHUSETTS

Avnet Electronics Corp., Waitham
Linear Electronics Co., Waltham, 54
Sager Electrical Supply Co., Boston, 7

MINNESOTA
Lew Bonn Co., Minneapolis, 3

MISSOURI -
Jones Electronic Sales, Inc., Kansas City, 11

NEW JERSEY

Atlas Electronics, Inc., Fords

Eastern Radio Corp., Clifton

federated Purchaser inc., Mountainside
General Radio Supply Co., Camden
State Electronic Parts Corp., Whippany

NEW MEXICO
Electronic Parts Co., Inc., Albuquerque

NEW YORK

Adirondack Electronics, Inc., Schenectady, §
Avnet Electronics Corp., Westbury, L. I.
Boro Electronics Inc., Woodside, Queens

H. L. Dalis, Inc., Long island City, 6
Electronics Center, Inc., New York, 11
Harrison Radio Corp., New York, 17

Higgins & Sheer Electronic Dist., Poughkeepsie
Interstate Electronics, New York, 7

Milo Electronics Corp., New York, 13
Masline Electronics, Inc., Rochester, 4
Quad Electronics, Inc., Brooklyn

Radio Equipment Corp., Buffalo

Syracuse Radio Supply, Syracuse

Terminal Electronics, Inc., New York, 11

Mainline-Cleveland, Inc., Cleveland, 14
John A. Becker Co., Dayton, 2

OREGON
Eoff Electric Co., Portland, 9

PENNSYLVANIA

D & H Distributing Co., Inc., Harrisburg
Herbach & Rademan Inc., Philadelphia, 7
Philadeiphia Electronics Co., Philadelphia
Fred P. Pursell, Scranton

TENNESSEE
Electra Distributing Co., Inc., Nashville, 4

TEXAS

Graybar Electric Co., Dallas, 1

Harrison Equipment Ca., Inc,, Houston, 1
C. C. McNichol, EI Pasa

WASHINGTON

Pacific Electronic Sales Co., Seattle, 1
CIRCLE 200 ON READER SERVICE CARD
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10A beacon code simulator is a
double-pulsed microwave signal
source covering 2,700-2,900 Mc and
5,100-5,900 Mc. Pulse width can be
adjusted from 0.3-10 usec, pulse
spacing from 0-100 usec, and prf
from 10-2,000 pps. Parallel sets of
pulse controls can be used to preset
all pulse parameters in either C or S
band. 100 mw of pulse or ¢c-w power
is available in both bands through
40 db variable attenuators for sen-
sitivity measurements. The entire
instrument is housed in a 19 in.
by 10} in. by 15 in. cabinet and will
operate from 60 to 400 cps power
source. Primary purpose of the
instrument is to check sensitivity
and pulse decoding circuitry of
radar beacons.

CIRCLE 320 ON READER SERVICE CARD,
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Double Pulse Generator
HIGH-SPEED

RUTHERFORD ELECTRONICS CO0., 8944
I.indblade St., Culver City, Calif.
Model! B5-2 is a 10 Mc double pulse
generator. The two pulse trains are
derived from a single oscillator and
have constantly variable repetition
rates from 1 cps to 10 Me, in seven
ranges, with a rise and fall time no
greater than 8 milliusec. Pulse
width is continuously variable from
20 milligsec to 12.5 wsec in four
stages. maximum width being
limited to about 20 percent of the
pulse to pulse spacing. Both pulses
can be delayed individually up to
500 usec by use of a delay-multi-
vibrator type circuit. The use of
coaxial delay lines permits one of
the two main output pulses to be
delayed up to 0.4 usec in steps of

CIRCLE 107 ON READER SERVICE CARD

When you think of high vacuums, you
have to think clean...and if you think of
exceptionally clean vacuums, without
fluids or other contaminants, you have to
think of UlteVac electronic vacuum pumps
— made by Ultek, the only manufacturer
devoted exclusively to the tachnology
of fluidless vacuum pumping. UlteVac
pumps, using no moving parts, hot fila-
ments, or refrigeration, produca vacuums
to 10'* mm Hg and below; operate un-
attended for months, invulnerable to
power failure. System vacuum automat-
ically measured.

ELECTRONIC
HIGH-
VACUUM
PUMPS

1 to 1000 Liters/Second

Serles 327 Pump
270 Liters/ Second

Also from Ultek, an exclusive line of high
vacuum accessories, including :
® SORPTION ROUGHING PUMPS
o METAL SEAL FITTINGS
e FULL CONDUCTANCE VALVES
® AMBIENT FORELINE TRAPS

Literature available(state application) from
Ultek or its exclusive sales representative,
Kinney Mfg. Div. of the New York Air Brake
Co, Sales Offices in major U.S. cities.

IR MR

920-E Commercial St.. Palo Alto, Calif.. DA 1-4117
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SPRAGUE
PIEZ0-
ELECTRIC
CERAMIC
ELEMENTS

ELEMENTS
FOR ALL
APPLICATIONS
=~ AS WELL AS
COMPLETE
TRANSDUCER ASSEMBLIES
FOR MOST APPLICATIONS,
SUCH AS UNDERWATER
SOUND AND
VARIOUS ORDNANCE AND
MISSILE DEVICES. !

Sprague-developed mass production
and quality-contro! techniques assure
lowest possible cost consistent with
utmost quality and reliability. Here
too, complete fabrication facilities
permit prompt production in a full,
wide range of sizes and shapes.
Look to Sprague for today’s most
advanced ceramic elements — where
continuing intensive research prom-
ises new material with many proper-
ties extended beyond present limits.
?% YOUR INQUIRIES
[ = ARE INVITED

57 WRITE FOR
== LITERATURE
SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

0.005 usec without further restric-
‘jon. Pulse delay is also limited to
approximately 20 percent of the
nulse spacing.

CIRCLE 321 ON READER SERVICE CARD

5

Null Voltmeter
TRANSISTORIZED

HYDEL, INC., 223 Crescent St., Wal-
tham, DMass.,, announces a com-
pletely transistorized battery or
line-operated null voltmeter with
full scale range of 300 v, 30 v, 3 v,
and 300 mv. With accuracy to 13
percent of full scale, it measures the
in-phase fundamental component of
small a-c signals, particularly the
null or error signals common to
suppressed-carrier control systems.
A 1 percent zero-center, mirror-
scale is used. Reference, input and
power input circuits are isolated
from each other and from the in-
strument ground case to eliminate
ground-loop effects. Frequency se-
lection, meter zeroing and gain
phase adjustment are set simply at
the front panel, and no external
equipment is required.

CIRCLE 322 ON READER SERVICE CARD

Precision Eyelets
AID MINIATURIZATION

RAMCO MFG. CO., 540 Westfield Ave.,
W. Roselle Park, N. J. Miniature
eyelet sizes in an o-d range of from
0.046 in. to 0.100 in. are available
in stock sizes for applications in
electronic tubes, rectifiers, diodes,
electrical switches, printed circuitry
and many other devices. These eye-

CIRCLE 102 ON READER SERVICE CARD

DYNASERT

Speeds
Component Inserting
to 10 Times
in PW Boards

Long or short runs, Dynasert saves.
Automatically feeds component, trims,

bends leads, inserts, and clinches
without damage to component body.
Speeds model changeover. Improves
board dependabitity.

Single or multi-stage units for highly
dependable production are available.
Write for descriptive 12 page booklet.

Sdnited,

UNITED SHOE MACHINERY CORPORATION
140 Federal Street, Boston, Mass.

CIRCLE 201 ON READER SERVICE CARD
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YOU CAN SAVE

YA
UP TO 5 oON

SMALL PARTS LIKE THESE

by using
TRADEMARK

BEAD CHAIN /
'Multi-Swage

PRODUCTS

Every year Bead Chain pro-
duces billions of tubular metal

parts for electronic and me- /
chanical applications. Multi-

Swage eliminates costly turn-

ing, drilling, stamping and
forming—automatically swages

from flat stock into strong

precision forms with positive, f
tight seams. If you’re a volume

user of such parts, in any

metal, up to ¥ ” diam. x 1%”

long, find out how much Multi-
Swage can save you. Send
gketch or standard parts for
prompt estimate. Write for
catalog today.

B®

| THE BEAD CHAIN MANUFACTURING CO.

88 Mountoin Grove St., Bridgeport, Conn.

CIRCLE 202 ON READER SERVICE CARD
electronics



lets, made from pure nickel, stain-
less steel, copper, steel nickel plated
or brass, have many uses in the
manufacture of small components.
They are precision made to ex-
tremely close tolerances and guar-
anteed perfect. Special burnishing
process accounts for extra smooth
free-running parts in eyeleting ma-
chine raceways. Specification chart
showing many sizes with samples
attached in small transparent bags
is available free on request.

CIRCLE 323 ON READER SERVICE CARD

Marker Generator
TRANSISTORIZED

JOIINSON ELECTRONICS, INC., I’.0).
Box 1675 Casselberry, Fla. New
transistorized marker generator
provides pulse to calibrate oscillo-
scope sweep. Model 100MG1 weighs
only 8 oz, operates on its own self-
contained 9 v battery for 1 vear of
normal use. No warm-up time is
necessary. Convenient switch pro-
vides instant change from 10 psec
to 1 millisec pulse.

CIRCLE 324 ON READER SERVICE CARD

Silicon Transistor
HIGH POWER

SILICON TRANSISTOR CORP., Carle
Place, N. Y. Types 2N1487,-8,-9 and
-90 are diffused junction, npn high
power silicon transistors suitable
for applications in power convert-
ers, power supply regulators, relay
replacements and controls, as well
as d-c and servo amplifiers. Tem-
perature range is from — 65 C to

October 7, 1960
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Martin Pershing, U. S. Arm¥'s mightiest, most mobile

selective range missile, helds a test record of con-
secutive successes ungaraljeled in the history of
Cape Canaveral.
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uild This Superh Sesote:
rgan From Simple Kits and

AVE OVER 50%!-

\
|
{
|

LET US
SEND YOU

FREE
DETAILS

HOW TO ASSEMBLE A

Yelate

ELECTRONIC ORGAN
IN SPARE TIME!

The Beautiful
Setoter
CONSOLETTE

— the only small or-
gan with two full 61-
note keyboards and
22 stops. Requires
only 2' x 3'2" floor
space! Commercial
value approximately
$1600 or more — yet
you save over 50%
when you build this
thrillinginstrument!

Give Your Family A Lifetime of Musical Joy
With A Magnificent Schober ELECTRONIC Organ!

Now you can build the brilliant, full-range
Schober ConsOLETTE or the larger CONCERT
MopeL with simple hand tools. No skills
are necessary to construct an instrument with

Send For Complete Details On Schober Organs
and For Hi-Fi Demonstration Record
The conpon will bring you a handsome 16-
page booklet in full color describing Schober

one of the finest reputations
among electronic organs. No
woodworking necessary — con-
soles come completely assem-
bled and finished. All you do is
assemble clearly marked clec-

THE GREAT
CONCERT MODEL

meets specifications of
American Guild
of Organists

organs in detail, plus articles on
how casy and rewarding it is to
build your own organ and how
pleasant and quick it is to learn
to play the organ. In addition,
we have preparcd an exciting

tronic parts guided by clear il-
lustrations and detailed step-by-step instruc-
tions. Even teen-agers can assemble the
Schober! You build from kits, as fast or as
slowly as you please...at home, in spare
time — with a small table serving as your
entire work shop!

Pay As You Build Your Organ;
Start With As Little As $18.94!

You may start building your Schober at once
with an investment of as little as $18.94. The
musical instrument you assemble is as fine,
and technically perfect, as a commercial
organ built in a factory — yet you save over
50% on top-quality electronic parts, on
high-priced labor, on usual retail store mark-
up! In your own home, with your own hands
you build an organ with genuine pipe organ
tones in an infinite varicty of tone colors
to bring into your home the full grandeur
of the Emperor of Instruments. You may
build the ConsoLETTE for your home, or you
may waut to build the great Coxcert
MobeL for home, church, school or theatre.
You save 50% and more iu cither case.

104

|
|
|
| receipt of my first kit order).
|
|
|

10" hi-fi LP record demonstrat-
ing the full range of tones aud voices avail-
able on the Schober, which you may have
for only $2.00 (refunded when you order a
kit). Literature on the Schober is FREE!
There is no obligation; no salesman will call.

% Mail This Coupon

(’W For FREE Literature

- 7% and Hi-Fi Record
% Today!

The Schober Organ Corp., Dept. EL.2

other literature on the Schober organs.

] Please send me the 10” hi-fi Schober demon-
stration record. | enclose $2.00 (refundable on |

Name.....cooeeenncnnnnns sesrrsee et arsrresatannia .

|
|
Address.....coeiuue sesesienatsnaan cresane . '
|
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43 West 61st St., New York 23, N. Y. l
[] Please send me FREE full-color booklet and l

+ 175 C. Power dissipation at
mounting flange temperature of
25 C is 60 w. These types feature
a high beta and low saturation re-
sistance. The range of beta for
2N1489 and 2N1490 is from 25 to
75 with saturation resistance of
maximum 0.67 ohm measured at
1.5 amperes. The new series are
hermetically sealed in welded metal
cases and have dimensions which
conform to the JEDEC No. TO-3
outline. The collector is in electri-
cal contact with the case.

CIRCLE 325 ON READER SERVICE CARD

A-C Instruments
TAUT-BAND SUSPENSION

WESTINGHOUSE ELECTRIC CORP., P.
0. Box 2099, Pittsburgh 30, Pa.,
offers new 100-deg a-c ammeters
and voltmeters (KA-251) using the
taut-band suspension system. They
are available from 0.005 up to 75
amperes and from 5 to 800 v self-
contained. They replace the instru-
ments using pivot and jewel bear-
ings and air chamber damping.
Taut-band construction eliminates
rolling and sliding friction and
enables instruments to withstand
severe shock without affecting their
accuracy. In addition, the ammeters
and voltmeters are designed for
easy calibration adjustment and
have magnetic damping.

CIRCLE 326 ON READER SERVICE CARL

Delay Lines
LUMPED CONSTANT

ALLEN AVIONICS, INC., 255 E. 2nd
St., Mineola, L. I., N. Y. Employing

electronics



subminiature inductors and tem-
perature compensating capacitors,
these high density, lumped constant
delay lines offer the user the great-
est stability in electrical character-
istics over the temperature range
from —55 C to +105 C. These lines
are particularly suited for use in
missile, airborne and commercial
computers and data processing
equipment. They are packaged in
3 types of cases: hermetically
sealed metal tubes with glass to
metal end seals: epoxy filled metal
tubes with epoxy end seals; or non-
metallic casings. The DL-130 illus-
trated has a delay time of 2 usec,
a rise time of 0.22 psec, an imped-
ance of 1,000 ohms and an insertion
loss of 0.001 db max. It measures
3 in. long by 0.5 in. diameter, Price
is $45.50.
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High Purity Silicon
POLYCRYSTALLINE ROD

DOW CORNING CORP., Midland, Mich.,
is producing high purity silicon in
polycrystalline rod form. Above
Grade I in quality, these rods are
especially suitable for zone refining
to the single crystal silicon used
in power rectifiers, transistors,
diodes, and other semiconductor de-
vices. By vacuum zone refining, the
rod can be converted to single
crystal silicon having typical re-
sistivity greater than 1,000 ohm-

cm, minority carrier lifetime
greater than 400 psec. Company
uses the Siemens-Westinghouse

process of trichlorosilane decom-
position for producing silicon. The
rods are produced by a method that
assures greater purity than casting.
Available in various diameters up
to 1 in. and lengths to 173 in., these
rods are characterized by a high
degree of purity and maximum
uniformity to facilitate zone refin-

October 7, 1960
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Air Farce-Martin Mace B, 1200-mile inertial guidance
tactical missile, inccroorates the provem basic design
of Matador and Mace A—operational mrissiles with out-
standing records of yveaes of reliable front-line service.
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...When there’s
NO SUBSTITUTE for
PRECISION TIMING

PANEL MOUNTED

When the emphasis is on accuracy in timing, the
wise choice is STANDARD precision

elapsed time indicators. Units are synchronous
motor driven . . . electric clutch controlled

by manual or automatic switch or

output of electronic tubes. .. available with manual
or electric zero reset, a-c or d-c clutch.

Scale
Model Divisions Totalizes Accuracy
S.100 1/5 sec. 6000 sec. T.1 sec.
S-60 1/5 sec. 60 min. +.1 sec.
SMm.60 1/100 min, 60 min, +.002 min.
S-10 1/10 sec. 1000 sec. 1 .02 sec.
PORTABLE S.6 1/1000 min. 10 min, 1.0002 min.
S.1 1/100 sec. 60 sec. £.01 sec.
MST 1/1000 sec. .360 sec. £.001 sec.
Request MST-500 | 171000 sec. 30 sec. £.002 sec.
Catalog
No. 198

Forbes and Wagner TOROIDUCTORS
are built to the highest standards of pre-
cision and quality. They are available in
a wide range of Inductance Values from
3.3 MH to 33 H with DC Resistance and
Distributed Capacity values to meet almost
every application requirement.

The Type A cores provide an essentially
linear change of inductance vs. tempera-
ture over a temperature range from -60°F.
to +180°F. When used with a polystyrene

v 8
..... T 347 Central Avenue

Silver Creek, N. Y.+ Phone YE 4-2691

Y e I

orbes and wagner, inc. [ || AT

THE STANDARD ELECTRIC
TIME COMPANY

89 LOGAN STREET, SPRINGFIELD, MASSACHUSETTS
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Standard Toroidal Inductors

Versatile Design for Wired

Circult and Printed Circuit Application

capacitor for tuned circuit applications,
an extremely low drift circuit results.

TOROIDUCTORS are also available in
many other core materials to meet special

requirements. Write for complete
information.
A
o] | |TYPICAL'Q VALUES A
VS. FREQUENCY.
. : \
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ing. Priced at $300 per lb and up,
depending upon diameter and
quantity.
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Noise Figure Meter
MONITORS RADAR SETS

HEWLETT-PACKARD CO., 1501 Page
Mill Road, Palo Alto, Calif. Mode!l
344AR directly and continuously
monitors the noise figure of op-
erating radar sets. It operates on
either a 25 or 30 Mc i-f frequency,
and is designed for direct applica-
tion to pulse radars with repetition
rates of 90 to 500 pps, or up to
3,000 pps with special sampling cir-
cuitry. The instrument’s fast meter
response enables the operator to
optimize or adjust the radar system
during operation or maintenance.
With the compact and transis-
torized unit, system noise figure is
measured on a time-shared basis
with the radar scan. The 344AR’s
high sensitivity minimizes signal
and transmitter losses:; the noise
source may be decoupled 20 db from
the main transmitter lines. Two
alarm functions give visible and
electrical indication when an allow-
able noise figure is exceeded. or a
noise source malfunctions.
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Capacitors
HIGH RELIABILITY

PYRAMID ELECTRIC CO., Darlington,
S. C. The MLE subminiature elec-
trolytic is designed for operation
in very critical circuits. Company

electronics



assures 10 years of service when
operated within stated electrical
specifications; temperature range
—40 C to +85 C. The CQM elec-
trolvtic is made in high puritx
aluminum containers hermetically
sealed. This capacitor is ideally
suited for computer requirements,
has a long life, low leakage current,
is designed to operate at —20 C to
+65 C. The TAK-H is a wet elec-
trolyte tantalum capacitor of rug-
ged construction, is seep and vibra-
tion proof, and is made to meet
specifications  MIL-C-3965. The
TAD is a solid tantalum high re-
liability capacitor. Available in
wide variety of sizes and values, it
is hermetically sealed and has a
long shelf and operating life; tem-
perature range —40C to +85 C,
125 C with derating.
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High Voltage Relay
MINIATURE SIZE

RESITRON LABORATORIES, INC., 2908
Nebraska Ave., Santa Monica,
Calif. Minivac R-5 relay that will
switch 3,000 v, is 2 in. long, % in.
in diameter and weighs 1 oz. Unit
will handle up to 750 va with a
maximum contact rating of 4 am-
peres. The contacts are sealed in
high vacuum, assuring long life
without degradation. This relay is
designed to meet rugged envi-
ronmental requirements including
shock, vibration and temperature,
and conforms to various MIL specs.
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RAPID ASSEMBLY

DYNAMIC CONTROLS CO., 2225 Massa-
chusetts Ave., Cambridge 40, Mass.
Rapid assembly and easy converti-

October 7, 1960

"RELIABILIT

Mar-in-Army Missile Mzster electronic air deferse
systams were delivered ahead of schedule and
under contract price. Tre first of these has been in
operation 24 hours a day for more than two years—
with virtually 10C% zvailability.
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Cird

JEWEL BEARINGS

OF ASSURING
POSITIVE ACCURACY

Aircraft and electrical instruments, measuring
and timing devices, testing and recording
equipment — they all require the services of
sub-miniature bearingsthatinsurea fine degree
of accuracy. Bird Precision Jewel Bearings ful-
fill this need because they are designed to
provide peak accuracy in minimum space.

Available in a wide range of standard glass and
sapphire types and sizes, including complete
jewel assemblies and cushion jewe! assemblies,
Bird Jewel Bearings can save you money on
your next design. Our engineering staff is at
your service to aid you with your special re-
quirements.

Write for your free copy of our catalog, which
completely describes the types, features and
applications of jewel bearings.

v O e

1 SPRUCE ST., WALTHAM, MASS.

serving industry with fine jewels since 1913

bility from an experimental to a
permanent system are featured in
the Digipac line of miniature logic
blocks and chassis, including built-
in power supplies. The male
ends of the blocks are plugged into
chassis-mounted connectors which
provide power. Logic terminals at
the female ends remain exposed for
interconnection with patch cord.
No soldering is required. To con-
vert to a permanent system, lugged
pins and soldered bus are substi-
tuted for pateh cord. Should wiring
changes be necessary, or a new sys-
tem required, the lugged wiring can
be unplugged and discarded. The
three sizes of standard chassis hold
50, 100, and 200 blocks, and mount
on a 3% by 19 in. panel. Other fea-
tures: in the new Digipac line are
spare space for auxiliary equip-
ment; system operation at speeds
up to 1 Mc; input power operation
between 60 and 140 v. 50-1.000 cps.
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Power Supply
HIGHLY STABLE

MID-EASTERN ELECTRONICS, INC., 32
Commerce St., Springfield, N. T,
has developed a new 100-v 3-ampere
transistor power supply for re-
quirements where extreme regula-
tion and stability are paramount.
Line regulation is 0.005 percent of
maximum rated voltage and load
regulation at 100 v does not exceed
0.01 percent. Unit features auto-
matic overload protection and ex-
ternal load change sensing. Ripple
is less than 500 pv rms. Recovery
time at maximum rated current is
less than 50 wsec and there is no
overshoot when the power supply is
turned on. Temperature compensa-
tion limits average drift to 0.02
percent per deg C and the supply
may be operated continuously at
full load at ambients up to 55 C, or
at half load to 65 C. All components,
including the power transistors, are
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PRECISION
DEFLECTION

WITH

COSSOR YOKES

Slip Ring Yoke

Two Axis Fixed Yoko
Component Development
Engineering at its BEST!

® ADVANCED ELECTRICAL DESIGN
® PRECISION MECHANICAL DESIGN
® ACCURATE PRODUCTION METHODS

Custom Built to the most
Exacting Specifications
by Cossor Engineers

In Mumatal Cores for Optimum Geometry
It Ferrite Cores for Speed and Sensitivity
In Non:magnetic Cores for Perfection of Response

Any of Cossor's Three Core Types can be
made in single or double uxis with single or
rmh-pull windings. and encapsulated for
Ixed or sHp ring (ratpting . use

Normal charactenistics of yokes for 11 2 1n
neck tubes nre

Positional accuracy the spot position will con
form to the yoke current
co-ordinates within 0 25F
of tube diameter For de
flecion angles less than

25 better accuracy can
easily be achieved

059 max without over
swing

0 1%, ot less with controlled
overswing

Memory -

Complete encapstlation in epoxy istycast) or
silicone resina is standard for all Cossor deflecuion
yokes, and is done with special moulding tools
ensuring accurate aligniment of the yoke axis  When
slip tings are added, solid silver rings are mountec
It encapsolating resin.  The finished slip ning voke

s precision tarned to centre bote. and can include
beuring mounting surfaces with dimensional toler
ancex approaching thase owociable with high quality
metal parts

Settling Tims Micro see. =
120 v Inductance in Henries
Senaitivity degress/ milliamperes =
/llnlu:‘.‘\tﬂ - millihenries

0055 ¥V Accelerator Voltags - kV

Electronics Limited

WOODSIDE. DARTMOUTH. N. S.

2005 Mackay Si., Montreal. Que

3077 Bathurst St.. Toronto. Ont.
Corporation House. 160 Laurier Wesl. Ottawa, Ont.

CIRCLE 204 ON READER SERVICE CARD
electronics



derated for maximum reliability.
Plug-in modules are standard for
ease of replacement and mainte-
nance. Price is $825.
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Infrared Detectors
INDIUM ANTIMONIDE

ITT LABORATORIES, 3700 E. Pontiac
St., Fort Wayne, Ind., announces
indium antimonide photoconductive
infrared detectors sensitive in the
intermediate infrared spectrum.
The new detector cells have high
sensitivity and fast response and
are ideally suited for use with me-
chanical scanners for infrared
mapping of terrain or for search
and track of aircraft, missiles,
tanks, etc. For cooling to its operat-
ing temperature of 77 deg Kelvin,
the sensitive element is mounted on
the end of a cooling well of unique
design permitting the use of either
liquid nitrogen or a cryostat for
operation with pressurized nitrogen
gas. A wide range of cell resistances
permits efficient coupling to either
transistor or vacuum tube pre-
amplifiers. The detectivity of these
new cells, measured at 77 deg
Kelvin operating with a 500-deg
Kelvin black-body radiation source,
a 900-cps chopping frequency, and
a 1l-cps bandwidth, is in excess of
4 x 10°.

CIRCLE 334 ON READER SERVICE CARD

e ———

Microwave Equipment
GREATER GAIN RATIO

UNITED PRODUCTS, 165 Franklin
Ave., Nutley, N. J. Microfilm at-
tenuator materials can now be ap-
plied on microwave pistons and
plungers. It can also be applied on
the inner walls of cavities to pre-

October 7, 1960

;u
Navy znd Air Force Bullpup/a.F. GAM-33 has been
called by the Navy ‘‘the world’s most reliz ble guided
missile.'’ It is so test-free & can be hamdled as an
ordinary round of ammuniticn.
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~UNAR and PLANETARY COMMUNICATION

RECEPTION
The 85 foot parabolic
antenna at Goldstone,
Catlifornia built in
1958 and used in
tracking and record-
ing telemetry from
U.S. spacecraft.

TRANSMISSION
This 85 foot antenna,
seven miles from
the reception facility,
has recently been put
in operation to trans-
mit signals to U.S.
spacecraft.

SENIOR RESEARCH SPECIALISTS

New opportunities involving advanced research and develop-
ment projects are now open at JPL in the Laboratory’'s Tele-
communications Division for engineers and scientists capable
of assuming a high level of technical responsibility.

SOME SPECIFIC OPENINGS IMMEDIATELY AVAILABLE
Communication Specialists

Execution of RF tracking and
communication system projects.

Radio Research Engineers

Design of advanced RF
transmitter /receiver equipment.

Antenna Specialists
Analysis, design and evaluation
of giant Antenna Structures and
Servo Systems.
Mathematicians or Communication System Analysts

Analog and Digital system analysis. Noise, coding, in-
formation theory. Linear and non-linear fiiter theory.

Research Scientists

Digital data and control system
analysis and synthesis.

Several openings also exist for supervisors of Research and
Advanced Development Projects performed by industry for JPL.

0

CALIFORNIA INSTITUTE OF TECHNOLOGY
JET PROPULSION LABORATORY
PASADENA * CALIFORNIA
SEND COMPLETE QUALIFICATION RESUME NOW FOR IMMEDIATE CONSIDERATION
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\ /“rv' RS i
)/ apvancing ¥ b\ &
ﬁ s
' dul '“dmg
oi

couuuulcwrlori ,
ACCESSORIES h.
306 COMPANY

Lee's Summit, Missouti

110 CIRCLE 170 ON READER SERVICE CARD

vent leakage of energy—thus pro-
viding for greater gain ratio in
microwave equipment. New process
allows for films as thin as 0.004 in.
to be applied on inner or outer
walls. This technique now permits
engineers wider tolerances between
mating components in an assembly
without sacrificing gain or provid-
ing for elaborate methods of over-
coming stray leakage to prevent
distortion. The compositions of the
films permit use in the temperature
range of —60 F to +300 F. Special
formulations can be made to go to
500 C.
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Wirewound Resistors
AXIAL LEAD

INTERNATIONAL RESISTANCE CO., 401
N. Broad St., Philadelphia 8, Pa.,
announces a new full line of axial
lead power wire wound resistors
having both commercial and mili-
tary applications. Included are 2, 3,
5, 7 and 10 w units rated at 125 C
ambient, each of which derate on a
straight line from 125 C to 0 per-
cent at 350 C. This “AS” line in-
cludes commercial 1 percent and 3
percent resistors and military 5 per-
cent units for types RW 55 through
RW59 which meet or exceed all
characteristic “G” and “V” require-
ments of MIL-R-26-C.
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Holding Clip
FOR COMPONENTS

ATLEE CORP., 47 Prospect St.,
Woburn, Mass. Made of beryllium
copper, the new clip insures posi-

electronicse



tive holding power through an un-
usual design feature that permits
both sides to work independently
from each other. It will accom-
modate components up to 1 in.
square, or 1 in. by 2 in. rectangular.
Use of beryllium copper provides
excellent heat dissipation, long life
and reliability, with great resist-
ance to fatigue. Components may be
easily removed and replaced despite
the strong spring tension. Holder
is designed for mounting relays,
capacitors, vibrators, transformers,
condensers, and similar small com-
ponents.
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Trigger Tubes
FOUR NEW TYPES

SIGNALITE, INC., Neptune, N. J., has
available four new miniature trig-
ger tubes designed for high and
low current applications. The de-
sign engineer will be able to select
a tube for his particular circuit re-
quirements. The LTG-27-2 and
LTG-27-2A, 6.0 ma average cur-
rent; the 120 TG-27-2 and 160 TG-
27-2, 0.5 ma average current.
CIRCLE 338 ON READER SERVICE CARD

Tunnel Diodes

GALLIUM ARSENIDE
GENERAL ELECTRIC CO., Syracuse, N.
Y., has introduced five new types

of gallium arsenide tunnel diodes.
Type 1N3114 has a peak point cur-

October 7, 1960

The Cape Canaverzl test record of Martin’s Titan
ICBM is, according ta the Air Force, ‘‘the best success
ratio to cate”’ in USAF missile programs.
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VITREOSIL

PURE
FUSED
QUARTZ

FOR USE IN PRODUCTION OF

SEMI-CONDUCTOR METALS...| purposes. The

VITREOSIL is ideal for producing such
metals as germanium and silicon. Write
us your requirements or special problems.
See our ad in Chemical Engineering Catalog.

SPECTROSIL’

FOR HYPER-PURITY IN
SEMI-CONDUCTOR WORK

PURITY —purest form of fused silica

TRANSPARENCY — unique optical properties

HOMOGENEITY — completely homogeneous
and free from granularity

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

Write for complete, illustrated catalog.

¢ THERMAL AMERICAN

18-20 Salem St., Dover, N. J.

Amgom“") FUSED QUARTZ CO., INC.

A |z
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rent of 2.2 ma held to = 10 percent;
the 1N3115 also has a peak current
of 2.2 ma but this is held to = 25
percent; 1N3116, 4.7 ma., held to
=+ 10 percent; 1N3117, 4.7 ma, con-
trolled to = 2.5 percent; 1N3119,
10 ma, controlled to = 2.5 percent.
All have typical peak point current
to valley point current ratios of 15
and voltage swings of 1.0 v. Typical
switching speeds with constant cur-
rent drive are 2.4 nanoseconds for
the 2.2 ma units, 2.8 nsec for the
4.7 ma devices, 1.6 nsec for the 10
ma models.
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Radar Transponder
TRANSISTORIZED

AERO GEO ASTRO CORP., 1200 Duke
St., Alexandria, Va. The AGA C/T
Mod 2 radar transponder is a tran-
sistorized unit for airborne appli-
cations compatible with present day
instrumentation radars similar to
AN/FPS-16 and AN/MPS-26. Its
small size (92.6 cu in.), low weight
(5.75 1b), plus its low power con-
sumption and ability to operate in
missile environment make it an
ideal instrument for many varied
electrical charac-
teristics represent superheterodyne
sengitivity, single or double pulse
interrogation, and a 400 w trans-
mitter output. A solid state modu-
lator is incorporated with recovery
time on the order of 160 usec.
CIRCLE 340 ON READER SERVICE CARD
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SPDT D-C Relay
HIGH SENSITIVITY

W. S. DEANS Co., 8512 E. Garden-
dale, Downey, Calif. High reliabil-
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LEWYT DRILLS
PRINTED CIRCUITS
100% FASTER

WITH

EngTa

TRADE MARK

Lewyt engineer Murray Berman:

“, .. Not only did NEW HERMES

ENGRAVOGRAPH increase our pro-

duction, it. also enabled us to

achieve consistently better

quality.”

® Reproduces drill pattern from
template in any reduction ratio
with high accuracy.

® Drilling and routing of different
size holes in one operation with-
out changing tools.

Also for 'v”J'. N
ENGRAVING 2
morne Ml
R § X\

Ask for
catalogue
ZP-3.

new hermes

ENGRAVING MACHINE CORP.

154 WEST 14TH STREET NEW YORK 11, N. Y

IN CANADA: 359 St. James Street West, Montreal, P.Q.
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“"WHY GO
PUBLIC?”

The answer to this vital
question is in our
informative brochure—

if you need money and
you are considering either
a public issue or the
acquisition of private
capital, wouw’ll find

our services of real value.

For free informative
brochure, write to:

UNDERWRITING AND
PRIVATE FINANCING
660 MADISON AVENUE
NEW YORK 21, N.Y.
TE 8-2424
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TRANSFORMERS - FILTERS - REACTORS
JACKS & PLUGS - JACK PANELS

Military Standard POWER
Transformers—Types
MS-90016 through MS-90036.

Toroids —Hermetically sealed
or open units for all fre-
quency ranges.

Magnetic Amplifiers and Sat-
urable Transformers—For
servo motor control; DC-DC
Power Supplies,andswitching
silicon controlled rectifiers.

panels in stock.

Jack Panels—Several size

Military Standard AUDID
Transformers—Types
MS-90000 through MS-90008.

Balanced Modulators—De-
signs over a wide range up to
+00 kcs.

Sub-Miniature, hermetically
sealed, low frequency induc-
tors and transformers.

Telephone Coils—Mechan-
ically and electrically inter-
changeable with Western
Electric.

Encapsulated Transformers—
Using custom epoxy com-
pounds for military and
commercial applications.

Plugs, Patch Cords and Jacks—Stand-
ard in the communication industry.

Long frame telephone type jacks;
wide variety; two and three conductor.

Transtormers and filters for
TRANSISTOR and PRINTED
CIRCUIT applications to meet
MIL-T-27A Grade 5, Class
RorS.

Broadcast Quality Trans-
formers—Standard of the
Industry.

Terminal Blocks—Molded to
your specifications. Six popu-
lar sizes in stock.

PACIFIC BRANCH
7247 Atoll Avenve
North Hollywood, Calif.
Phone: TRiangle 7-7169

Government Approved Qual-
ification Testing Laboratory.

.9.97% c_%wu;tewdruy f%a’

Choose from over 500
ADC INCORPORATED
2838-13TH AVENUE SOUTH « MINNEAPOLIS 7, MINNESOTA

L]
stock items or let ADC /
° ° paciFic BRANCH North Hollywood, California
deﬂg" to your reql"remen's IV TRANSFORMERS e REACTORS ¢ FILTERS ¢ JACKS AND PLUGS « JACK PANELS
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ROHN |
COMMUNICATION

TOWER |
No.60

for height up to
490 feet!

% This extremely
heavy duty tower
is designed for a
wide variety of
communications of

No. 60
ROHN tower is
suitable for height
up to 490 feet when
properly guyed and
installed.

* Completely hot-
dipped zinc galva-
nized after fabrica-
tion.

* Designed for
durability, yet eco-
nomical — easily
erected and
shipped. ROHN
towers have excel-
lent workmanship,
construction and
design. Each sec-
tion is 10 feet in
length.

Shown above is 0 ROHN
No. 60G tower used for
FM broodcosting, instolled
to o height of 300 feet.

FREE

Details and complete engineering specifico-
tions gladly sent on request. Also ROHN rep-
resentatives are coost-to-coast to ossist you,

Write- Phone-Wire Today!

ROHN rManufacturing Co.

6718 W. Plank Rood,
Peorio, lllinois
Phone 7-8416

“Pioneer Manufacturers of
Towers of All Kinds”

14

|

ity, light weight, high sensitivity
and small envelope are features of
a new, low-cost subminiature spdt
d-c relay which has been success-
fully eycled 508,500 times at 6 cps
with no visible sign of wear or pit-
ting; 150 v a-c at 250 ma was
passed by contacts without arc sup-
pression. Sensitivity: 35 mw. Di-
mensions: height, 0.687 in.; width
0.406 in.; length, 0.812 in. Other
features: excellent contact wiping
action; connections in single plane;
single screw (2-56 x |) mounting.
Units are available in 5,000 ohm,
1.250 ohm, 500 ohm, 100 ohm and
50 ohm coil resistances, or to user’s
specifications.
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Test Jack
STAMPED LUG TERMINAL

SEALECTRO CORP., 139 Hoyt St,,
Mamaroneck, N. Y. A “Press-Fit”
test jack with a stamped lug on the
reverse side of the chassis is now
available. The SKT-36 utilizes the
“Press-Fit” design for fast, per-
manent installation in a single hole.
Unit is designed to receive a 0.050
in. diameter by 0.025 in. maximum
probe. Beryllium copper contacts
assure long service life, and mini-
mum contact resistance. The
stamped lug on the reverse side of
the chassis is 0.287 in. long over-
all and provides a 0.052 in. by 0.156
in. soldering hole.
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Power Supplies

TRANSISTORIZED
VALOR INSTRUMENTS, INC,, 13214
Crenshaw Blvd., Gardena, Calif.

New series of transistorized regu-
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“no novse’’,

requlated. ..
1solated. ..
transistor

POWER SUPPLIES
for STRAIN GAGES

Continuously variable output ranges
in 6 standard models from 0 to 30 v
and 0 to 200 milliamps at input of
117 v (95-135) 60 cps.

Noise level across a grounded 350
ohm bridge only 1.00 uv peak-to-
peak typical. Line voltage regulation
0.03% and load regulation 0.03% no
load to full load. Isolation 0.04 puf of
capacitive coupling to AC power line.
Other specifications: also excellent.
Immediate delivery with guaranteed
performance.

Write today for our sales data sheet
and name of nearest representative.

COMPUTER
"@ENGINEERING

ASSOCIATES, INC.

350 North Halstead - Pasadena, Calif.
ElLgin 5-7121
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PUTTING MAGNETICS TO WORK

Open your eyes to new amplifier designs!
See how to combine tape wound cores and transistors
for more versatile, lower-cost, smaller amplifiers

Tie tape wound cores and tiansistors into a magnetic-
transistor amplifier, and open your eyes to new design
opportunities.

To start with, these are static control elements—no mov-
ing parts, nothing te wear or burn out. Next thing you
find is that you reduce components’ size—your amplifier
is smaller and costs less. That's because between them
the core and the transistor perform just about every cir-
cuit function . .. and then some

For instance? The core has multiple isolated windings.
Thus you can feed many inputs to control the amplifier.
The core also has a square hysteresis loop, and thus acts
as a low loss transformer. That means you save power.
In addition, the core can store and remember signals—
so time delay becomes simple.

October 7, 1960

There’s no need for temperature stabilization, either.
The transistor acts only as a low loss, fast, static switch—
and in this function it has no peer.

How do you want to use this superb combination? As a
switching amplifier—or a linear one? In an oscillator?
A power converter (d-c to d-c or d-c to a-c)? You'll have
ideas of your own—and if they involve tape wound cores,
why not write us? Qurs are Performance-Guaranteed.
Magnetics Inc., Dept. E-81. Butler, Pennsylvania.

MARGNETICS inc.
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Get
Rocket-
Fast
Shipment

from
world’s largest B

STOCK S}
Stainless §

Steel

No long countdowns here.
Allmetal stainless fasteners
are stockpiled in advance
—ready to go on your order.
Fasteners in Commercial,
AN, MS specs. You get fast
delivery, precision quality,
plus mass production
economy when buying

direct from stock.

Special fasteners also
fabricated to your exact
requirements on extremely
short notice. Full range of
raw materials assures
prompt service. Simply send
blueprint or specifications.

T

A...._.N_
g l e
. -
oo L S Lrareson

Lt

Pins « Bolts  Nuts ¢ Screws
(including slotted and Phillips

—magnetic and non-magnetic) § {
o Washers « Cotters » Rivets | ‘

® Rods ¢ Studs  etc.
O g
it

PHONE OR WRITE §
for prompt quotation or
shipment. Send for catalog.

]

PALLMETAI
SCREW PRODUCTS COMPANY,INC.
Manufacturers of Stainless Fasteners Since 1929

821 Stewart Avenue, Garden City, L.1., N.Y.
Phone: Ploneer 1-1200 TWX GCY 603

Midwest Division
6424 W. Belmont Avenue, Chicago 34, lllinois
Phone: AVenue 2-3232 TWX CG 3185
West Coast Division — Office and Warehouse

5822 West Washington Blvd., Culver City, Calif.
Phone: WEbster 3-9595 TWX LA 1472
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lated power supplies features an
excellent transient response, high
stability and very low weight. Typi-
cal of the series is model PS111M
with the following specifications:
output 12 v d-¢, 0-5 amperes; tran-
sient response 50 mv or less for
50 usec or less under square wave
load conditions; no line transients;
line regulation 0.1 percent; load
regulation 0.25 percent; output im-
pedance 0.01 ohm d-c to 5 Kc; sta-
bility 0.5 percent or 50 mv for 24
hours after warm-up; ripple 1 mv
rms; size 19 in. by 5! in. by 10 in.;
weight 15 1b; input 105-125 v, 60-
400 cps. Price is $395; other
models at lower prices.
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CONTACT
MODULAToR

Low-Noise Chopper
EXTREMELY SMALL

AIRPAX ELECTRONICS INC., Cam-
bridge Division, Cambridge, Md.
Weighing but 9 grams, the diminu-
tive, electromechanical model 30
chopper introduces a completely
new operating principle. The chop-
per is tailored for printed circuit
use and employs ruggedized jewel
bearings. Characteristics: drive,
6.3 v at 60 cps; dwell, 175 deg
average; phase, 25+ 10 deg; bal-
ance, within 15 deg. Delivery is 2
to 6 weeks.
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Capacitors
METALLIZED PAPER

ELECTRON PRODUCTS, 430 North Hal-
stead St., Pasadena, Calif. Series

CIRCLE 116 ON READER SERVICE CARD

AIDS LUBRICATION
UNIQUE STABILIZATION
ALLOYS READILY

PERIENCE 8

Metal, wire, foil
ribbon, pellets, spheres,
powders, ‘‘Indalloy'’ solders, etc.

Write Dept.E-11for new Indium bulletin:
“INDALLOY" Intermediate Solders

THEINDIUM

CORPORATION OF AMERICA

1676 Lincoln Avenue ® Utica, New York

Since1934... PIONEERS inthe

Development and Applications of Indium for Industry
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ANYWHERE
IN THE
NATION

ELECTROLYTIC
AND

PAPER TUBULAR
CONDENSERS

*'35 YEARS OF PROVEN
DEPENDABILITY*!

COSMIC CONDENSER CO.

853 WHITTIER STREET, BRONX, N. Y.
LWWdlow 9-3360

CIRCLE 209 ON READER SERVICE CARD
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The Leaders Specify ALPHLEX® ZIPPER TUBING

constant flexibility
cuts time and labor
outer jacket is replaceable
wire changing is simplified
eliminates costly jacket extrusion
tlectroni; e immediate delivery from your local Alpha distributor

For all these benefits, Alphlex Zipper Tubing is used
by such OEM leaders as IBM, IT&T, Librascope, The new Alphlex Closing Tool (above)
Lockheed, Martin, Sperry Rand and Government desigred to save you time, labor

= . i and money in your cable production
agencies. Write for free Alphlex Catalog Z-2. requirements is free with each

order of 1,000 feet of Zipper Tubing.

TYPES OF ZIPPER TUBING :
ZIp31 fabricated from 020" polyvinyl sheet made from MIL-I631C materials. All purpose type  ypgs. DF auiiex TIPER TUBING
for general applications to 105°C. Standard colors: Clear, Black, Yellow.
—————
2IP-31M heavy duty construction. Similar to ZIP-31 type except nominal wall thickness of .040". Material —_______ Polyvinyl Chloride
Standard colors: Clear, Black. Track Thickness (when closed) — .085"
2144 polyvinyl sheet made from MIL-1-7444B materials. Extremely flexible; for aircraft and _ Dielectric Strength, V/mil e
low-temperature uses to —67°C. Standard colors: Clear (amber), Black. Tenslie Strength P.S.I. 3810
———— - _ =
21P-44M heavy duty construction. Similar to ZIP-44 type except nominal wall thickness of .040”. e 2
Standard colors: Clear (amber), Black. Operatinz Temperature,
eE— Upper Limit ____ 106°C
21P-50 “sandwich” of aluminum foil laminated between two sheets of polyvinyl. For 100% RF Cold Erittleness ____ —86°C
shielding applications to 105°C. Standard color: Silver Grey. BT e G R S (e
e
21P-50 polyvinyl bonded to woven fibreglass sheet per MIL-1-3190A. For rough usage, abrasion Flammabfiity self-extinguishing
N resistance, and high temperature uses to 130°C. Standard color: Black. Latera! Pull Strength
_ {unsealed) 42.7 pounds/inch
* Lateral Fuil Strength

All types available in |n5|de dlameters from 14" to 2” in increments of %"; and from {permanently sealed) 59.8 pounds/inch

2" to 4” in increments of 14"
Alphlex Zipper Tubing covered by Patents # RE24,613 and # 2,558,367 and other patents.

ALPHA W|RE CORPORAT|ON Subsidiary of lORAl Electronics Corporation @
ALPHA WIRE

Standard Colors —. Black, Clear, Yellow

200 Varick Street, New York 14, N. Y.
Pacific Division: 1871 So. Orange Dr., Los Angeles 19, Calif.
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...A SUPERIOR DE‘o“M
COMPONENT FOR
ALL DbilGIts umlmnmﬂ DIVERSIFIED
. CAN BE INDUSTRIAL DM
READ FROM D|G|TAL \_APPLICATIONS . .

[Tl READOUT RELAY

featuring
ONE-PLANE PRESENTATION o MEETS UL SPECS
for 150 VAC CIRCUITS

Series 10000
L C l
.és

.5 to 250 VAC or
130 vDC.

Over 1000 %, CONTACTS

firms throughout 7 1 to 3 poles, single or dou-

ble throw-—5 or 10 amp.
the world in just a
few years prove MOUNTING

.2 to

-3

7 S unprecedented 6-32 sfwld, |6-32 tapped hole, .
acceptance of OTROCCIRR LTS
The IEE digital readout puts the =,
digit right up front, visible from any ZL. IEE digital D |”IV! EN S/l 9 N S
angle. Vision is unimpaired by | readouts. 3¢ 1" wide x 1-9/32" high x
stacked characters and sharp, clear- AN 1-13/16" long.

white digits provide high-contrast,

error-proof reading. Use of words, PRIGE 0 1 |
Cir e ML SR il $ 1 80 ALSO AVAILABLE IN OCTAL PLUG-IN DUST COVER AND LATCHING DESIGNS

utmost versatility. QUANTITY PRICES ON REQUEST .
Binary-To-Decimal Decoders Available. WRITETODAY FOR Eﬁiﬂtm SEND areticATIE e A s DAVI s
Representatives in Principal Cities COMPLETE SPECIFICATIONS. P@s WITH YOUR INQUIRY . . .
|NDUSTRIAL EvLecrronic EnGINEERS, INC. 2 230 N.SPRING ST. ELECTRIC CO.

s ond f of fully A tic $ystems ond Digital Readouts CAPE GIRARDEAU, MO.
5528 Vinetand Avenve, North Hollywood, Callfornia
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Now2to 3
week delivery
' on popular

BUORD items...

and in production
guantities!

Mark 7 Mod 0 Size 15 Servo Motor
Mark 7 Mod 1 Size 15 Servo Motor
Mark 12 Mod 0 Size 15 Motor Generator
Mark 12 Mod 1 Size 15 Motor Generator
Mark 16 Mod 1 Size 18 Motor Generator

Mark 16 Mod 3 Size 18 Motor Generator
(For transistor circuits)

The addition of our second factory
means delivery insix to twelve weeks
on many other G-M Servo Motors
and Motor Generators as well; sizes

8 to 18, including other BuOrd items.
*Now Bureau of Naval Weapons

sieeaskeses

e Ask also for

full information;
G-M Recommended
Specification No. 665
and Catalog.

»e
wa 685

A
_§tRYO CONPONERTS ‘

e
Pl
g

L‘

G-M Servu Motors

o Comaonent

4336 N. Knox Avenve - Chicago 41
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ME subminiature metallized paper
capacitors, designed for use in d-c
circuitry, are vacuum epoxy-im-
pregnated and sealed in epoxy
cases. Operating temperature is
—55 to +125 C. Capacitance values
are from 0.001 to 2.0 uf. Series WE,
for use in a-c or d-c circuits, are
vacuum wax-impregnated and have
an operating temperature range of
—55 to 485 C. Capacitance values
are from 0.001 to 1.5 uf. Both series
are available in 100, 200, 400 and
600 vdcw ratings. Standard toler-
ance is =20 percent with tighter
tolerances to order. These metal-
lized paper capacitors sealed in
epoxy tubes meet or exceed most
military environmental specifica-
tions.
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H-V Pulse Tube
FORCED AIR COOLED

NUCLEAR CORP. OF AMERICA, Central
Electronics Manufacturers division,
2 Richwood Place, Denville, N. J.
Specifically designed for pulse
operation, the XD-5 forced air
cooled triode will switch 30 amperes
at 40,000 v with a duty of 0.030.
This results in a peak power output
of 1.2 megawatts. Maximum ratings
are: anode voltage, 35 Kv; grid
voltage, —5,000 v d-c; grid current,
0.150 ampere; pulse width, 90 usec;
peak anode current, 30 amperes;
peak cathode current, 45 amperes;
peak anode voltage, 40 Kv.
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Log Amplifier
FOR FILTER ALIGNING

JERROLD ELECTRONICS CORP., 15th
and Lehigh Ave. Philadelphia 32,

CIRCLE 118 ON READER SERVICE CARD

Environmental
conditioning ror

detection systems

AiResearch cooling of airborne
detection systems is accomplished by
an extremely reliable, compact unit
which is both an air-cooled cold plate
and mounting structure for the detec-
tion system’s transistorized power
supply.

This lightweight package weighs
7.2 lb.. and has a heat rejection of
500 watts. It consists of four AiRe-
search Minifans and an all-aluminum
structure with 44 separate modules.
Each module is electrically isolated
and may be removed individually
for quick, easy replacement.

AiResearch is the leading designer
and manufacturer of such advanced
electronic conditioning equipment
and systems. This production unit is
one example of the broad production-
proven capability of AiResearch in
providing extremely reliable, light-
weight, compact cooling packages for
aircraft, missile, space and ground
support applications.

Environmental conditioning
equipment has been produced for
the following electronic systems:
Detection - Communication
» Control + Ground Support *

Guidance

Write for literature today.

THE CORPORATION

AiResearch Manufacturing Division

Los Angeles 45, California
e——e———————————————————
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costs?
The
other
on
reliability? ..

I'
Now! A sealed pot at a regular

commercial

pot price!

Mode! PT %

Dust! Corrosion! Moisture! Fumes! All are foes of commercial and industrial equipment, yet ordinarily costly to keep
out. Now, however, Waters introduces a new %" plastic case pot — the PT % — with sealed pot reliability at a price
no higher than many regular commercial pots! Even meets tough military specs
(MIL-R-19A, MIL-R-19/1A)! **O"" ring shaft seal and complete internal sealing vir-
tually eliminate environmental problems. Provides the same protection as encap-

sulation in less space. Resistance range (ohms), £5%, 1 to 20,000. Electrical and “AAANAANAANA
functional rotation, 355° without stops; 300° with stops. Dissipates 1.5W at 40°C. e

Torque, .3 to 6 0z./in. Weight, .02 Ibs. Available with split or plain bushings, %" or M
%" in diameter. Write for Bulletin PT 760. =

WATERS MANUFACTURING, INC. - WAYLAND - MASS.

POTENTIOMETERS ¢ COIL FORMS « POT HOOK® PANEL MOUNTS o TORQUE WATCH® GAUGES ¢ C'TROLG METER/CONTFOLLER ¢ [NSTRUMENTS

October 7, 1960 CIRCLE 119 ON READER SERVICE CARD 119
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REPICON®° REMOVABLE
CONTACT CONNECTOR

New from Gen-Pro: Repicon high density
removable contact connector in single or
double insert types offers unlimited ap-
plication in wiring installations. Avail-

able in 34, 42,50, 75, 81 and 162 contacts. |

REPICON REMOVABLE CONTACTS in
crimp or solder type afford higher con-
tact retention ability, lower millivolt drop.
Usable in various other existing connector
body sizes and configurations. Contacts

-

TYPE N
162 CONTACTS

ordered separately.

SOCKET CONTACT ) PIN CONTACT

Write today for bulletin illustrating
types in stock with specifications

GENERAL PRODUCTS CORPORATION

Over 25 Years of Quality Molding

UNION SPRINGS, NEW YORK TWX No. 169
CIRCLE 213 ON READER SERVICE CARD
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120

PUHI@RWCE

© INTERNATIONAL
~SYNPOSIUN

_____ SEMI CONDUCTOR

DEVICES

SPONSORED BY THE
FEDERATION NATIONALE DES INDUSTRIES ELECTRONIQUES
AND
ORGANIZED BY THE
SOCIETE FRANCAISE
DES ELECTRONICIENS ET RAD!O-ELECTRICIENS

UNESCO HOUSE - PARIS
125, AV. DE SUFFREN

FROM 20TH TO 25TH FEBRUARY, 1961,

=% _ep— = g e
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Pa. Model LA-* Jogarithmic am-
plifier makes 70 db dynamic sweep
frequency filter measurements pos-
sible with standard oscilloscopes or
X-Y plotters. It is especially useful
in aligning crystal and other types
of high attenuation filters. In
aligning filters, the ability of the
log amplifier to display a wide dy-
namic range permits the production
test engineer or research specialist
to observe all changes taking place
in an overall response. It also
eliminates the former “touch-
and-go” method of filter alignment
which was made necessary because
only a small area of the total re-
sponse could be vietved at any one
time. An important new feature is
a “log-expand” control which per-
mits expansion of the first 10 db
of the presentation so that accu-
rate 3 db measurements can be
made while viewing the entire 70
db range. Units are available in
single octave frequency ranges
from 2 Mc to 100 Mc and overall
gain is approximately 100 db. Price
with power supply is $500.
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Microwave Assemblies
PRE-PACKAGED

BOMAC LABORATORILS, INC., Salem
Road, Beverly, Mass., announces
pre-packaged, pre-tested microwave
assemblies, complete with compo-
nents and associated hardware,
ready for installation in the cus-
tomer’s radar unit. Typical is the
assembly illustrated—a “package”
consisting of a branch guide du-
plexer and a balanced mixer, with
magnetron, tunable TR tube, kly-
stron and crystals. Company engi-
neers will design on order the mod-
ulator for this typical unit or other
r-f package to supply negative
pulses for the magnetron. either as

electronics



SEYMOUR

PLATING PROCESSES AND MATERIALS

PCN SOLUTION — Seymour “PCN” solution is an ex-
cellent addition agent for usage where low stress and
high ductitity are essential characteristics.
CLARSOL — A clarifier for use with NC Fortifier.
Overcomes effect of excess Fortifier to insure bright
deposit over entire plating range. Increases leveling
ability of bath and permits plating at higher current
densities.

ANODES — SEYCAST 99% = is an improved, cast

anode of high efficiency. Used for Bright Nickel baths
or any hot Watts solution having a pH of 4.5 or lower.

Corrodes evenly with little loose nickel. Ideal for
high current densities.

COPPERFORM — 99% pure copper anode developed
especially for electroforming operations. Deposits
smooth, low-stress deposit with great freedom from
cracks or rupture.

CUSOL ELECTROFORMING PROCESS — Utilizes acid
copper plating solutions for the electroformation of
molds and dies.

BRIGHT NICKEL PROCESSES — “C” “NC" “CK"

Write for full data.

®

ELECTRO CHEMICAL SUPPLIES DIVISION
THE SEYMOUR MANUFACTURING CO.
15 FRANKLIN STREET e SEYMOUR, CONN.
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YOURS FOR
THE ASKING

=} MICROTRAN company inc

145 East Mineola Avenue, Valley Stream. New York

l CIRCLE 215 ON READER SERVICE CARD

WHAT'S NEW
IN COMPONENTS?

What useable discoveries are being made on the frontiers
of clectronic knowledge? Here are a few selected at random: |
directive long-range sonar transducer . . . high-speed ferrite
memory and logic element . . . space-probe telemetry system |
. . . master preampllﬁel f01 X band radar. You can never |
tell when one is going your way. This is just ONE of the |

rcasons why you should subscribe to electronics (or renew |

your subscription).

Fill in box on Read- FIND WHAT
er Service Card,
YOU NEED IN...

Easy to use. Postage
electronics

free,
October 7, 1960

NOW! NEw LOWER
PRICED COIL FORMS

Interchangeable with industry standards

Thermosetting epoxy cement permanently positions collars and lugs to withstand
severe shock under high temperature (250°C). Available in any lug configuration.
Completely rustproof and moisture resistant. Ceramic conforms to Grade LS JAN-1-10
silicone impregnated. Lightweight aluminum bushing. Silicone fibre glass washers.
Unique built-in dependable tension device guarantees vibration-proof, smooth
tuning. Nickel-plated parts conform to MiL-P-5879
QQ-N-190. Diameters: .205, .260, .375, .500.
Frequencies: .1-1.5 m¢, 5-10 mc, 10-3¢0 mc,
30-50 mc, 30-150 mc, 50-200 mc, and brass slugs.
Write for quotes and bulletin CF-860.

MANUFACTURING, INC.
WAYLAND, MASS.

ALSO AVAILABLE IN EXCLUSIVE RIBBED DESIGN

CIRCLE 123 ON READER SERVICE CARD
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t’'s So!

recording
DC MICROAMMETER

says it's so!

You can count on whatever a DC Micro-
ammeter records because, first and fore-
most, it’s designed and built for REL1A-
BILITY.

In today’s space-age technology, re-
liability of the highest possible order is
an absolute necessity. And in a record-
ing instrument, reliability of this high
order is achieved only through simplic-
ity of design and rugged construction.

Esterline-Angus does it by building
its recorders with a minimum of com-
ponents, all of long-life design . . . by |
building recorders that require few—
and simple—adjustments. I

It’s the outcome of more than 50
years of development and testing . . . of |
production experience and conscientious
quality control . . . of specializing in fine
recording instruments.

It’s the reason why the Esterline-
Angus DC Microammeter, like all E-A
recording instruments, is guaranteed for
two years.

Send for Catalog Section 41

The

ESTERLINE-ANGUS
Company

No. 1 in fine Recording Instruments
for more than 50 years.

DEPT. E, BOX 596, INDIANAPOLIS 6, INDIANA
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part of the same package or sepa-
rately.
CIRCLE 348 ON READER SERVICE CARD

Automatic Tester
HIGH CAPABILITY

ORTRONIX, INC., P. O. Drawer 8217,
Orlando, Fla. Automatic dynamic
testing of component subassemblies
or complete system checkout can be
accomplished economically by the
ADEPT “400”. Complete flexibility
of testing is obtained by control of
295 signal, power and test control
lines with punch tape programming.
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Broadband Termination
HALF-X TYPE

TURBO MACHINE C0., Lansdale, Pa.,
announces a broadband termination
for 0.900 by 0.200 in. i-d waveguide.
This absorbing load exhibits a vswr
of less than 1.03:1 from 8,200 to
12,400 Mc. Maximum power dissi-
pation is 1 w average making the
termination suitable for most low
power design measurements and
production testing. Measuring 6 in.
in length, cast aluminum construc-
tion results in a rugged yet light
device. Flanging consists of a cen-
tered UG-67/U configuration.
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Heyco
Nylon

BUSHINGS

TRAIN RELIE!’S /
?he insulating bushing 7
£z that anchors a cord set 7
to an electrically oper-
ated machine or appl!

ance. I 7
p s__u.aaa.z/ﬂﬂ//.//éf//f/%/%f//.//////é
JUNCTION-TERMINAL !
BUSHINGS
Eliminate ‘‘pig-tails’’ — Miniature
size. Snap-in assembly, color or
number coded. Can be used as
plug-in receptacle. Simple quick
disconnect. ¥

ACCORDIAN TYPE

Fit curved surfaces
LNylon bushing — brass tab

HEYCO

“ o .
izes for holes from %"

%(;)}lﬁe‘sa —various ms.nd‘g 1

digme(ers Spa”p |’llpckks in 3 ¢

panels up &o,/ém(\m f: i N

' BUSHINGS OF
= YOUR CHOICE

HEYMAN

|
! 1
1
[}
i MANUFACTURING COMPANY |
: KENILWORTH 3, NEW JERSEY ]

J
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Rotolite Announces
“Dial-control” Whiteprinter
for Electronic Engineers

Electronic engineers save money by making
their own whiteprints with the new Rotolite
White printer., It has finger-tip controls and
employs the fastest white printing lamp on the
market. The new model is known as the Roto-
lite “‘Expeediter.”

A

A o
LT

o

In keeping with company policy, this high
quality diazo whiteprinter is the lowest priced
of all makes. Its single new lamp gives it sim-
plicity and the lowest up-keep cost. Both the
printing unit and the transparent developing
tube can be mounted on any office wall. It is
easy for anyone to operate. There are no messy
chemicals or trays to fool with, as it provides
dry copies of anything printed, written or
drawn on translucent material at the lowest
copying cost possible: one cent for letter size or
one and a half cents per square foot. Five
models of Rotolite are available, taking any
length paper in widths of 18, 27 and 42 inches.
Prices start at $129.50,

--- Use This Coupon ---------

Rotolite Sales Corporation, Stirling, N. J.
Please send folder on Rotolite Expeediter

—————
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Naga miian gencrator tests 10-gi0 synamic logic unils at Remver Researgh fnstitute, University of Denva-,
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HE BUYS DIFFERENTLY

(m If you sell to the electropics industry, you No matter where you find the electronics
|—“ will be more successful if you understand man his engineering background enables him
R electronics exactly how electronic products and services to influence the purchase of electronic com-
are bought. ponents and equipment. Your advertising
D You can see at any purchasing meeting how must reach him to sell electronic goods.
il the electronics industry differs from most— Only electronics is specially edited each
P It’s in the conversation! The President may week to reach, interest and influence the
discuss the fine points of circuit design with electronics man. .. whatever his title. If you
‘M the research engineer. The production engi- have something to sell the electronics indus-
! ax. e neer may suggest a choice of components to try—it pays to advertise in electronics.
k{ B | the design man. The difference is that men
E from areas of management, design, produc- THE ELECTRONICS MAN
tion and use can and do influence purchase  «gyys” WHAT HE READS IN...
of electronic suppliers.
Look at the badge that identifies the elec-

tronics man. It reads R esearch-Design-Pro- . , s .
ductionfjj anagement. The interests of the e|30tr On |CS @
electronics man are in any or all of the four

areas. A McGraw-Hill Publication, 330 W. 42 St., New York 36, N.Y.



WHAT'S
UP IN
WASHINGTON?

126

Powerful individuals in Congress, The Pentagon,
the State Department and elsewhere can influence
the business plans of scores of electronics manufac-
turers.

electronics reports on policy makers who influ-
ence decisions on guided missiles, basic scientific
research, government communications policy and
many other sensitive subjects.

The highlights are summed up in 3 minutes
reading time. More detailed reports on particularly
important subjects are specially edited for quick
and easy reading.

electronics names names... tells the implications
of new developments... keeps you informed. See
“Washington Outlook” — a regular, weekly report.
Act now! For a new subscription or a renewal, fill
in box on Reader Service Card. Easy to use. Post-
age free,

FIND WHAT

YOU NEED IN...
electronics

Literature of

RADIO INTERFERENCE CON-
TROL Genistron, Inc., 6320 Ari-
zona Circle, Los Angeles, Calif.
“Radio Interference Control of
Semiconductor Circuitry”, a re-
cently presented technical paper, is
now available as a 32-page booklet.
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SYNCHRO MOUNTING IN-
STRUCTIONS Muirhead & Co.
Ltd., Beckenham, Kent, England,
has available a new leaflet giving
comprehensive details and illustra-
tions on mounting and zeroing all
types of synchros and servomotors,
fixing gears or pinions.
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MICROWAVE PRESSURE WIN-
DOWS Microwave Associates, Inc.,
Burlington, Mass., has available a
new 12-page brochure describing
waveguide pressure windows, their
applications and installation sug-
gestions.
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CRYSTAL CASE RELAY Union
Switch & Signal, division of Wes-
tinghouse Air Brake Co., Pitts-
burgh 18, Pa. Bulletin No. 1064 is
a four-page brochure describing a
new 2-pole, double throw general
purpose crystal case relay.
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SEMICONDUCTOR MATERIAL
Chimel S. A, 11 Rue General-
Dufour, Geneva, Switzerland. Bulle-
tin 7760 lists some properties, speci-
fications and applications of gallium
arsenide, a semiconducting com-
pound analogous to germanium and
silicon.
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SWITCH CATALOG Control
Switch Division, Controls Co. of
America, Folcroft, Pa. Catalog 130
features hermetically-sealed and en-
vironment free switches, complete
with details on variation, engineer-
ing drawings and specs.
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LAMINATED PLASTICS For-
mica Corp., 4550 Spring Grove
Ave., Cincinnati, O. Copies of the
1961 edition of Formica Designer’s
Fact Book, a technical reference
book on laminated plastics, are

electronics



the Week

available free to research and pro-
duction engineers, designers and
purchasing agents. Send name and
title on company letterhead.

T-W TUBES Huggins Labora-
tories, 999 East Arques Ave., Sun-
nyvale, Calif. A new two-color
short form catalog lists a line of
over 85 basic traveling-wave tube
types covering the vhf through Ku-
bands, along with pertinent tube
characteristics, prices, delivery
quotations, and local sales repre-
sentatives.
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PULSE WAVEFORM GENERA-
TOR Parabam, Inc., 13000 Yukon
Ave., Hawthorne, Calif. Technical
information concerning the new
model P-1 pulse waveform genera-
tor is now available in the com-
pany’s Technical Bulletin No. 660-6.
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ANGULAR ACCELEROMETERS
Donner Scientific Co., Concord.
Calif. Features, applications and
specifications of a line of angular
servo accelerometers are included
in a new six-page brochure now
available.
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RADIO TELEPRINTER RECEIV-
ING TERMINALS Racal Engi-
neering Ltd., Western Road, Brack-
nell, Berkshire, England. Technical
publication No. 172C1 covers types
RA.103 and RA.129 continuously
tuned frequency shift radio tele-
printer receiving terminals.
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HIGH SPEED COMPUTATION
Applied Development Corp., 12838
Weber Way, Hawthorne, Calif. A
four-page folder covers the Uni-
Bloc model 3-303 computing unit, an
important member of the company’s
line of modular data-processing
equipment.
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TOROIDAL COMPONENTS John-
son Electronics, Inc., P.O. Box 1675,
Casselberry, Fla. A new B8-page
technical data brochure describes a
line of subminiature toroids and
standard toroidal coils.
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WE ARE SPECIALLY ORGANIZED
T0 HANDLE DIRECT ORDERS OR
ENQUIRIES FROM OVERSEAS

SPOT OELIVERIES FOR U.8.

BILLED IN DOLLARS—
SETTLEMENT BY YOUR CHECK

CABLE OR AIRMAIL TODAY

‘ravnial

NE

TRANSRADIO LTD. 1384 Cromwell Rd, London SW7 ENGLAND  casces: rranseas, conson

‘MX and SM’ SUBMINIATURE CONNECTORS
Constant 50n-63n-70n impedances

TYPE | u FF1IMPED.2] O.D.
Cl [ 7.3 150 [.36]
cN_| 6.3 | 173 | .36
c2 | 6.3 | 171 | .44
C22| 5.5 | 184 | .44
€3 [ 5.4 197 | .64
€33 48 | 220 | .64
Ca | 4.6 | 229 1.03
c34a] 41 | 252 1.03]
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SPECTRACOAT ANNOUNCES

INFRARED

Interference Flliters
to 25 MICRONS
00—

g 8

=

P3
o

3

TRANSMISSION, %

0 1 5 10 15 20 25
WAVELENGTH, «
Spectrographic scan of production batch
#1608. Side band attenvation: < 1% pass
region average transmission: > 60 %; cut-on
placement range available; 1.5u to 8.0p.

Application information for specific projects
is available on request. If you're interested
in developments in Infra-Red or Visible fil-
ters, reflectors and coatings, we'll be de-
lighted to have you receive the Spectracoat
Scanner with our compliments. The Scanner
is an occasional, technical report on Spec-
tracoat’s research, production and applica-
tion developments in the area of thin film
optics. SPECTRACOAT, INC. Dept. 11,
248 Harbor Bivd., Belmont, Calif. Ly 1-0358.
FILTERS: wavelength pass; band pass; neutral

density (beam splitters); variable density (wedges);
variable wavelength (wedges, color wheels).

COATING 8 : Anti-reflective; electrical; high
reflection mirrors; reticles.

CONSULTATION: optical and vacuum systems.

AR
The Transmission of
Light on BODNAR

PANELS, DIALS AND
KNOB ASSEMBLIES s

Selectively Controlled
To Provide Maximum
Legibility and Uniform
lllumination.

°

¥
PN

BODNAR Flush Mark-
ing llluminated Panels
Dials And Knob As-
semblies Qualified To
MIL-P-7788A.

We'll be glad to
tell you about
it in our

new brochure

write to . . .

'BOD

[ 1.1:3 PRODUCTS CORP.

—_——

238Z Huguenot Street ® New Rochellie, New York
NEw Rochelle. 6-4664
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PEOPLE & PLANTS

Litton Opens New Laboratory

LITTON SYSTEMS, INC., recently
opened its 180,000-sq-ft Computer
Systems Laboratory to conduct ad-
vanced electronics development and
production operations on a 63-acre
site in Woodland Hills, Calif.
Inside the new air-conditioned
building is carried on the develop-
ment and production of compact,
high-speed and versatile computers
for navigation and fire control of
missiles or aircraft. A portion of
the building also is used for produc-
tion of inertial guidance systems.
Among the computer systems in
various stages of development or
production are a bombing-naviga-

Harrahill Assumes
New Position

JOSEPH R. HARRAHILL has been
selected as vice president and gen-
eral manager of Hermetic Seal
Transformer Co., Garland, Texas.

128

tion system for the Grumman A-2F,
a tactical computer for the Eagle
missile, a ballistics computer for
field use by the U. S. Marine Corps,
central air data computers and
celestial-inertial navigation com-
puters. Some of the computers are
used to accomplish necessary fire
control, engine control, cruise con-
trol and navigation functions in an
aircraft. \

The new building is the first of
several to be built by Litton on the
site. Manufacturing buildings, of-
fices and other structures eventually
will comprise a complex with a
750,000 sq ft area.

One of the Dresser industries, this
company produces magnetic iron-
core components, power supplies,
servo amplifiers, and other elec-
tronic products.

Harrahill comes to Hermetic Seal
Transformer from Dresser Manu-
facturing Division, Bradford, Pa.,
where for the past five years he has
been vice president in charge of
manufacturing and product devel-
opment. Earlier he was manager of
manufacturing for Permutit Co. of
New York City.

In his new post, Harrahill will
guide the over-all planning and
manufacturing programs for the
entire HST operatien which in-
cludes the firm’s two components

manufacturing plants in Garland,
Texas, and Northridge, Calif.; the
special products division in Dallas,
Texas; and the environment test
division in Garland.

Coulter Awarded
John Scott Medal

WALLACE H. COULTER has been
awarded the John Scott Medal by
the city of Philadelphia for his in-
vention of an electronic blood cell
counter. The John Scott Medal,
first awarded in 1810 to Benjamin
Franklin, is administered by the
city of Philadelphia. It is awarded
yearly for outstanding inventions
benefiting humanity.

Coulter’s invention of the blood
cell counter, now manufactured by
Coulter Electronics Corp. of Chi-
cago and Coulter Electronics Ltd. of
London, is the result of his research
and development work since 1945,

i}‘; :

Machlett Laboratories
Elevates Kirka

CHESTER KIRKA has been promoted
to chief engineer of the x-ray tube
section of The Machlett Labora-
tories, Inc., Springdale, Conn. Since
1958 he had been responsible for
Machlett x-ray and electron tube
sales and applications engineering
activities throughout the eastern
states.

In his new post Kirka will have
responsibility for the research, de-
velopment and product engineering
supporting Machlett’s line of x-ray
tubes. Machlett has been a pioneer
in x-ray tubes since 1897, just two
years after Roentgen discovered
X-rays.

Prior to his appointment in 1958

electronics




Nnew photo~-chopper=-stabilized
high voltage supply

Model 241 offers 0.05% accuracy,
five-dial resolution from 0-1000 volts.

Here is the successor to dc secondary standards that
employ mechanical choppers and standard cells. The
new Keithley 241 offers freedom from adjustment and
calibration, long term stability to voltage or tempera-
ture variations, and immunity to shock and vibration.
Complementing the popular Keithley 240 supply, it
offers greater accuracy, regulation, current output and
floating operation.

High output accuracy, within 0.05%, is assured through
the use of encapsulated wire-wound resistors with 0.02%
divider accuracy.

Extreme stability of 0.005% per hour is assured by a
highly stable, shockproof zenor diode, wire-wound
standards in critical positions, and a highly stable,
long life photo modulator which is immune to shock
and vibration.

Other features include a position which removes voltage
from the output, making possible connections while
the instrument is operating; bench or rack operation.

INSTRUMEN s

Model 241 — incorporating new photo-modulator —
offers high accuracy, stability, long service life.
2411 End Frames shown adapt unit to bench use.

BRIEF SPECIFICATIONS

Output Voltage: 0-1000 volts, plus, minus or floating. 100,
10, 1, 0.1, 0.01 volt steps; 5 calibrated panel switches.
“TRIM” potentiometer permits interpolation between
steps, with a resolution of better than 100 microvolts.
Output Current: Zero to 20 milliamperes.

Output Accuracy: Within 0.05% above 2 volts, within 1
millivolt below 2 volts.

Output Impedance: Less than 0.05 ohm at d.c.

Line Regulation: 0.005% or 1 mv for 10% line change.
Load Regulation: Better than 0.005%, no load to full load.
Ripple and Noise: Less than 1 millivolt RMS.

Stability: .005% per hour with constant load, line and
ambient temperature.

Recovery Time: No load to full load, less than 1 second to
rated accuracy.

Overload Protection: Relay disconnects output within 50
milliseconds when output current exceeds about 24 ma.

Price: Model 241 .......cciveenniinnnnnnnnnn. $775.00

For complete details, write:

KEITHILEY
12415 EUCLID AVENUE

IS

October 7, 1960

INSTRUMENTS.

INC.

CLEVELAND &, OHIO
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McGraw-Hill

=
| BOOK NEWS

|

NAB Engineering Handbook

Just Out—5th Ed. Provides vital facts
and best practices for handling virtually
any job in broadcast engineering faster
and more effectively. Brought to you by
a staff of 47 noted authorities, this en-
larged and updated. Fifth Edition gives
thousands of recommended practices as
well as fundamentals, standards, and
how-to working instructions on every
phase of radio and TV engineering.
Ranges from antennas and towers, trans-
mitters, and program transmission, to
studio facilities, color TV, remote pick-
ups, and more. Editor-in-Chief, A. Prose

National Association of Broadcasters

RN
SRR

#  Walker; assisted by G. Bartlett, both of
}’.ﬁ NAB. 5th Ed. 1728 pp., 1306 illus., $27.50
5
£

Electronic Circuit Analysis
Volume I: Passive Networks

Just Out. Here are clear explanations of
the theory, analysis, and applications of
passive networks—basic guidance that
equips you to more quickly and efficiently
solve problems in designing and main-
taining electronic equipment. Covered in
full are such areas as a-¢, d-¢, transient,

pulse forming, wave shaping, trans-
former  equivalent, and inductively
coupled circuits. The .book explains

mathematical procedures, shows how to
apply the contept of graphic analysis,
describes how to obtain graphic solu-
tions using load line techniques, and
more. By P. Cutler, Antonetics Div,;
assisted by H. Hoever, Atomics Interntl.
Div., both of Neorth American Aviation.
452 pp., 412 illus., $8.00

=

g
Digital Computing Systems

Full coverage of digital computing sys-
tems: principles, design, operation, and
applications. Describes the elements in
modern computers, explaining underlying
principles of the devices used and illus-
trating the devices themselves. The cir-
cuitry by which the elements perform
desired functions is clearly covered, with
examples of typical circuits. ILogical

and how computers solve scientific, busi-
ness, and data handling problems is
shown. By S. B. Williams, Consultant
Dept. of Defense. 231 pp., 168 illus., $7.75

Ultrasonics

Just Out—2nd Ed. A practical guide to
essential theory, methods of generating
waves, circuits, and the design of ultra-
sonic systems, Describes every important
engineering phase—from the design con-
sideration of ultrasonic crystals to the
experimental measurement of ultrasonic
waves. Revised, and updated, the Second
Edition covers new developments in test-
ing of materials, and in cleaning, weld-
ing, soldering, and other applications.
By B. Carlin, Circo Ultrasenic Corp., 2nd
Ed. 350 pp., 263 illus., $11.50

10 DAYS' FREE EXAMINATION

McGraw-Hill Book Co., Dept. L-10-7
327 W. 41st St., New York 36, N, Y.

A .

i |

| |

' |

| Send me hook(s) checked below for 10 days’ ex-

I amination on approval. In 10 days I will remit for I
for hook(s) 1 keep plus few cents tor delivery costs,
and return unwanted hook(s) postpaid. (We pay I

|

| :_l:'lll‘\;_nm-);) r(i‘gislt:ggf) you remit with this coupon—same |

I [J Walker—NAB Engineering Handbook- -$27.50 I
O Cutler & Hoover--Electronic Circ. Analy., Vol. | I

| —$8.00

I |

| |

I |

| |

1 |

I I

I |

I |

L |

OO Williams-—Digital Computing Sys.—$7.75
O Carlin—Ultrasonics—$11.50

Name

Company .............. D050000900000000690090000
Position

For price and terms outside U. S.
write McGraw-Hill Intl.,, N.Y.C. 36 L-10-7
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design and programming are discussed, {

to the applications engineering post,
Kirka served for two years as a
product engineer. He joined Mach-
lett, a subsidiary of Raytheon Co.,
in 1952 as a design engineer. Ear-
lier, he had been a field engineer
with RCA.

Control Electronics
Names Bliss G-M

WALDREN E. BLISS has been ap-
pointed general manager at Control
Electronics Co., Inc.,, Huntington
Station, N. Y.

Former vice president in charge
of operations at Harvey-Wells Elec-
tronics, Southbridge, Mass., Bliss
will be responsible for the internal
coordination of overall operation at
CEC. In addition to coordinating
the functions of the production and
service departments, he will also
supervise the planning, scheduling
and budget control for all the engi-
neering departments.

Control Electronics manufactures
a line of delay lines, filters and
microwave components.

GE Appoints Statt
Plant Manager

CYRIL J. STATT, a veteran of 20
years in the electronics operations
of General Electric, has been
named manager of the Schenectady
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DIGGING

FOR IDEAS?

——
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If you’re buying electronie equipment
and components the best place to look is
where the selection is the largest. Maybe
there’s a product or service you don’t
know about that will solve your problem.

The BUYERS' GUIDE is packed with
jdeas and facts that give you a better
basis of buying judgment,

From accurate, up-to-date facts on
current designs, materials and markets
to detailed catalog information on new
product types—the GUIDE puts you in a
strong position to make the best buying
choice for yourself and your company.

Andthere arethenamesand addresses
of 4,000 manufacturers and their local
offices so you can make your move most

easily, o.8A
FIND %‘mmzs-
WHAT Euoe
hd BEFENRANCE YRNUR
YOU | o]
NEED L oA

IN -
we electronics

BUYERS' GUIDE
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tube plant. He succeeds D. C. Scott
who earlier was appointed manager
of the company’s cathode ray tube
department in Syracuse, N. Y.
Prior to his new assignment,
Statt was manager of manufactur-
ing engineering and facilities for
the company’s Light Military Elec-
tronics department in Utica, N. Y.

Hoffman Board Elects
David R. Hull

THE BOARD of directors of Hoffman
Electronics Corp., Los Angeles,
Calif.,, has elected David R. Hull
corporate executive vice president.

In his newly-created position,
Hull will initially have direct

Hoffman’s Military Products divi-
sion and coordination of activities
of the company’s Santa Barbara,
Calif., Science Center with other
corporate divisions.

Prior to his new position, he was
for 10 years vice president and gen-
eral manager of equipment opera-
tion for Raytheon Co.

During the period 1958 to 1960,
Hull served two terms as president
of the Electronic Industries Asso-
ciation and received the 1960 EIA
medal of honor.

Rheem Semiconductor
Hires Michael Mejac

MICHAEL MEJAC, chemical engineer,
has been appointed to the research
and development department of
Rheem Semiconductor Corp., Moun-
tain View, Calif., and has been as-
signed to device development
projects.

Previously, Mejac was in the re-
search department of Allen Bradley
Co., Milwaukee, Wisc., studying
properties of ferrites.
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MICO AI;;ZZOZ;'

responsibility for the operation of |

METALS for ELECTRONIC APPLICATION
rolled ULTRA THIN

by QUR SPECIAL ROLLING
'I'ECHNIQUE

\S
3

mnnus-----

TOLERANCES CLOSER THAN COMMERCIAL STANDARDS

Note: for highly engineered applications—strips of TUNGSTEN
and some other metals can be supplied

ro//eJ down te .0003 l‘icéne.u

® Finish: Roll Finish—Black or Cleaned
o Ribbons may be supplied in Mg. weights if required
Developed and Manufactured by

3229 BERGENLINE AVE., UNION CITY, NEW JERSEY
H c Ross ‘ o Tele: Union City, N. L: UN. 3-1134
N.Y.C., N.Y.: BR 94425
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send for this

NEW HEAVY FEg:ravm

bUTY 2 & 3 Nameplates

DIMENSIONAL Fine Routing Work
ENGRAVER Proﬂling Small

Objects
Makmg Small Dies
and Molds

EICO
‘ Electronics
Catalog

you save 50% on Top-Quality
Test Instruments
Hi-Fi ¢ Ham Gear

KITS AND WIRED

for professional and home use

UHF COAXIAL
WAVEMENTERS

Cent-imeter
Range
Send for Hlustrated Catalogs

MICO INSTRUMENT CO.

77 Trowbridge St. Cambridge 38, Mass.
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TEST INSTRUMENTS
battery eliminators
battery testers
bridges
decade boxes
electronic switch
flyback tester
oscilloscopes
probes
signal and
sweep generators
tube testers
transistor tester
vacuum tube
voltmeters
volt-ohm-
milliammeters

LIFETIME service and

HI-Ft

stereo and monaural

tuners

preamplifiers

fower amplifiers
ntegrated amplifiers

speaker systems

HAM GEAR

cw transmitter
modulator-driver
grid dip meter

OVER 2 MILLION
EICO instruments in
use throughout

the world.

calibration

uarantee.

IN STOCK at your neighborhood EICO dealer.
Send now for FREE catalog E-10.

EI[,'D . 33:00 N. Blvd., L. 1. C. 1, N. Y
as BEST BUYS IN ELECTRGNICS

D 1960 LLECTRONIC INSTR

praised by the experts

€0, 1t
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EMPLOYMENT OPPORTUNITIES

“ WHAT SANDERS ENGINEERS
~ SAY ABOUT SANDERS

(anonymous comments made to a non-company reporter) |

e

132

1 “Channels of technical communication are wide open here”
¥ “AUTHORITY GOES WITH RESPONSIBILITY*
V¥ “Gripes get an airing and a sensible answer”

¥ “It's diversified — your job is not dependent on one big program
—there are 20 odd development contracts now in the shop”

¥ "“You always know where you stand professionally here”

V¥ “Management is flexible enough to accommodate the individualists”

¥ “Growth prospects look good — we’re up to 1300 from only

11 men 8 years ago”’

If you are qualified for and interested in any of the positions described
below, we will invite you to visit us in Nashua, meet some Sanders
engineers as well as the manager of a group you may work with. Please
send a complete resume to Roland E. Hood, Jr., Employment Manager.

CIRCUIT DESIGN—SENIOR LEVEL

Particular emphasis on transistor application to analog and digital
techniques; data handling equipment; audio, video, RF circuitry
and switching.

SYSTEMS

ECM, Radar and ASW. For theoretical studies and hardware im-
plementation. Through Project Engineer level.

PACKAGING

For both airborne and ground based equipment. Experience in vi-
bration, heat transfer, printed circuit techniques.

TRANSMITTER—MODULATOR DESIGN

To contribute to the design of the Eagle Missile transmitter modu-
lator. Experience with modulator or transmitter circuits and sys-
tem design of oil immersed and dry designs on light weight units
of ultra reliability. General experience with vacuum tubes and pulse
circuits, high voltage design and magnetic circuits.

TEST EQUIPMENT

To design and develop test equipment for both manufacturing and
research and development activities. Good knowledge of pulse and
low frequency circuits, switch measurements, sweep circuits and
the principles of pulse doppler radar.

RECEIVER DESIGN

VHF electronically scanned airborne receivers, filters, problems in
spurious response reduction and multiplexing.

FJSHNDERS AS50CIATES, INC.

EMPLOYMENT OPPORTUNITIES

NATIONAL
COVERAGE

The advertisements in this section include all em-
ployment opportunities—executive, management,
technical, selling, office, skilled, manual, etc.

~— RATES —

DISPLAYED: The advertising rate is $34.32 per
inch tor all advertising appearing on other than
a contract hasis. Contract rates quoted on request

An advertising inch is measured %" vertically on
a column—3 columns—30 inches to a page.

Subject to .\gency (‘'ummission.

UNDISPLAYED: $2.40 per line, minimum 3 lines.
To figure advance payment count 5 average words
as a line.

Box numbers—count as 1 line,

Discount of 10% if full payment is made in ad
vance for 4 consecutive insertions.

Not subject to Agency Commission.

Send New Ads on ELECTRONICS
N. Y, 36. N

Class. Adv., P. 0. Box 12, SIYE)

ELECTRONIC ENGINEER

Ground floor opportunity for expanding electronics
department of an Engineering Services organ zatio-
Presently engaged in transistor digital circuits
development and test equipment design an
fabrication.

MODERN DESIGN

Vestal Parkway Vestal, N. Y.
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MANUFACTURERS REPS

Manufacturer of precision wire wound re-
sistors and related components reorganizing
entire national sales program. Excelient op-
portunity for established manufacturers reps.
Send full particulars, write

RW-53372, Electronics
Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y
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ASSISTANT DIRECTOR OF RESEARCH

$16,000 $22,000
Eastern Div. of multi-plant manufactures seeks an
all-around graduate engineer with experience in
space technology., Must he sales minded, oriented
enagineering wise. and have practical business sense
pertaining to production of Electronics Hardware,
Immprdiate acknowledaement, Send replies to:
DRAKE PERSONNEL, J. J. Cooper
29 E. Madison St. Chicaao 2. Il

CIRCLE 383 ON READER SERVICE CARD

NASHUA, NEW HAMPSHIRE

(less than an hour from downtown Boston)

CIRCLE 380 ON READER SERVICE CARD

NEED EXPERIENCED
ENGINEERS ?

Place an “Engineers Wanted”
advertisement in this EMPLOY-
MENT OPPORTUNITIES sec-
tion. It's an inexpensive, time
saving method of selecting ex-
perienced personnel for every
engineering job in the electronic
industry. The selective circula-
tion of ELECTRONICS offers
you an opportunity to choose
the best qualified men avail-
able throughout the industry.

For rates & information write

ELECTRONICS

Classified Advertising
Post Office Box 12
New York 36, New York

electronics



Interested in

EMPLOYMENT OPPORTUNITIES

helitronics™®

a challenging new field of opportunity
for electronic engineers at

SIKORSKY AIRCRAFT

([

October 7,

~ SIKORSKY AIRCRAFT .

* To describe this unique field, only a brand
new word would do, a word with two live roots:
helicopters and electronics. These roots penetrate
deeply into some of the most stimulating soil in
modern technology.

In broad terms, helitronics embraces practically
every phase of avionics, electronics, computer,
feedback and systems analysis work. Specifically,
helitronics means the integration of communi-
cation systems, specialized electronic search and
detection equipment to enhance the mission ca-
pability of the helicopter, specialized sensors and
automatic controls to increase its versatility, and
automatic navigation, into an optimum military
weapon system or commercial carrier with VTOL
capability. Many assignments call for the ability
to advance the state-of-the-art in testing and in
instrumentation.

If you would like to enter this challenging new
field, the time is now. The place? Sikorsky Air-
craft—pioneer and leading manufacturer of
rotary-wing aircraft, the company that leads
again with many opportunities for you in
HELITRONICS.

DIVISION OF UNITED AIRCRAFT CORPORATION

For further information, submit
your resume or make inquiry to
J. L. Purfield, Personnel Department.

STRATFORD
ONNECTICUT

CIRCLE 384 ON READER SERVICE CARD
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EMPLOYMENT OPPORTUNITIES
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Choose Your Pursuit From These

FIVE FACETS
OF PHILCO IN CALIFORNIA

data processing
conversion, analysis, presentation and
storage of data received from space vehicles

A PLACE FOR YOU awaits at rapidly expanding Philco Western
Development Laboratories on the San Francisco Peninsula, where
new concepts of space communication offer exceptional opportuni-
ties to the exceptional engineer . . . with proportionate rewards.
Your experience and your interests determine your assignment at
PHILCO in the development of the complete system — from the
space communication network of space vehicles to the complex
data processing equipment of the ground station complex.

For you . .. the opportunity of graduate study on a Tuition Refund
basis at any of the excellent surrounding educational institutions,
liberal employee benefits, and the facilities of Philco’s new, mod-
ern R & D laboratories.

For you and your family . . . the perfect climate, whether seasonal
or cultural, in which to pursue all-year recreational activities, only
45 minutes from cosmopolitan, dynamic San Francisco.

Immediate openings now exist for graduate engineers with experi-
ence in equipment design, systems engineering, analysis and inte-
gration. As a first step toward expanding your skills at Philco, send
your resumé in strict confidence to Mr. W. E. Daly, Engineering
Placement.

PHILCO CORPORATION

Western Development Laboratories

3875 FABIAN WAY, DEPT. E-10 PALO ALTO, CALIFORNIA
CIRCLE 385 ON READER SERVICE CARD

MANUFACTURERS’
REPRESENTATIVES

IN THE ELECTRONIC INDUSTRY

SAMUEL K. MACDONALD, INC.

monufacturers representfatives over 25 yeors

1531 SPRUCE STREET, PHILA. 2, PA.
Other Offices:
Pittsburgh
Baltimore
Washington, D.C.

Delaware » Maryland
Virginio « West Virginia

Territory:
Pennsylvanio « New Jersey |
District of Columbia
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PERSONNEL
MANAGERS

Looking For
Experienced Engineers...
Technical Personnel?

Write for a free copy of:

“HOW
TO ATTRACT
ENGINEERS"’

This file-size booklet is designed for
personnel people faced with the prob-
lem of recruiting engineers and tech-
nical people.

The top-flight engineers and technical
personnel you want are at a premium

. as this twenty page booklet points
out. How you can reach and influence
these men is the story told.

This booklet describes the McGraw-Hill
publications best suvited to reach the
specific type of engineer you want
. . . how you can make contact . . .
channel and concentrate your employ-
ment advertising to just the men with
the job qualifications you want . . .
helpful hints to consider and pitfalls to
avoid when you prepare your copy
and layout for an ‘Employment Op-
portunity” advertisement . . .

Write for your free copy to . . .

B. A. Feher

Classified Advertising Division
McGraw-Hill Publishing Co., Inc.
P.O. Box 12, New York 36, New York

electronics




EMPLOYMENT OPPORTUNITIES

Put Yourself in the
Other Fellows Place”

10° EMPLOYERS
10° EMPLOYEES

Letters written offering Em-
ployment or applying for same
are written with the hope of
satisfying a current need. An
answer, regardless of whether
it is favorable or not, is us-
vally expected.

MR. EMPLOYER, won't you re-
move the mystery about the
status of an employee’s appli-
cation by acknowledging all
applicants and not just the
promising candidates.

MR. EMPLOYEE you, too, can
help by acknowledging appli-
cations and job offers. This
would encourage more com-
panies to answer position
wanted ads in this section.

We make this suggestion in a
spirit of helpful cooperation
between employers and em-
ployees.

This section will be the more
useful to all as a result of this
consideration.

Classified Advertising Division

McGRAW-HILL

PUBLISHING CO., INC.

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

REWARDING!

A feeling of accomplishment, comfortable salary, security, fine
home, prestige in the community. Yes, these are the marks of a
successful Motorola engineer in Chicagoland. But, what exactly
makes a career at Motorola so rewarding—beyond the ordinary
realm of material benefits?

Foremost is opportunity. For here a man is encouraged to use
all of his creative talents to their fullest. He works on projects
that spark vision, that inspire imagination. He works with men
who recognize and respect his abilities . . . a calibre of men that
he cannot help but admire.

Yes, a career at Motorola is deeply rewarding. You owe it to
yourself to discover exactly how much. Simply clip the coupon below.,

o Radar transmitters and receivers o Transistor applications

o Radar circuit design

o Electronic countermeasure systems

® Military communications equipment design
o Pulse circuit design

o [F strip design

o Device using kylstrom, traveling wave tube
and backward wave oscillator

o Display and storage devices

2-WAY RADIO COMMUNICATIONS

o VHF & UHF receiver

e Transmitter design and development
o Power supply

® Systems engineering

e Antenna design

o Selective signaling

o Crystal engineering
e Sales engineering

o Design of VHF & UHF FM communications
in portable or subminiature development

e Microwave field engineers

o Transistor switching circuit design

e Logic circuit design

o T.V. circuit design engineering

e Home radio design

o New product design

e Auto radio design

e Mechanical engineering

e Semi-conductor device devel t

e Semi-conductor application work

Also Splendid Opportunities in:
Phoenix, Arizona and Riverside, California

Send Compiete Resumé to:
MR. L. B. WRENN

Engineering Personnel Mgr.

Dept. D

4501 Augusta Bivd.
Chicago 51, lllinois

MOTOROLA ...

October 7, 1960
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EMPLOYMENT OPPORTUNITIES

GROW
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with
kollsman!

s

AIR DATA INSTRUMENTS & SYSTEMS Zg
Senior Project Engineers, EE & ME. For aircraft and missile in- - C
strumentation. 5 to 10 years’ project experience in precision elec- § onlacl
tromechanical devices, pressure transducers. ﬁ
PRODUCT ENGINEERS . f]/l ’}/” ﬂ//
EEs & ME’s. With product engineering experience on precision f,,.f e c\yraw- L
electromechanical systems. %

AUTOMATIC ASTRO TRACKING SYSTEMS
Project Engineers, EE. For automatic astro tracking systems. Up to
5 years’ related experience.
STAFF ENGINEERS & SPECIALISTS
a) Experience in the research and development of transistors in
servo, digital and instrumentation application. Minimuam 3 years’

experience desired in transistor circuit design for military applica-
tions.

b) Experienced with IR to UV radiation properties and applica-
tions, noise theory and detectors.

¢) Digital computers—logic or packaging experience.
d) Theoretical mechanics—inertial and trajectory studies.
Please send resume to T. 4. DeLuca

X
“‘Q kollsman g
v

O/ﬁce %ea rest ou

ATLANTA, 3
1301 Rhodes-Haverty Bldg.

JAckson 3-6951
M. MILLER

BOSTON, 16
350 Park Square

HUbbard 2-7160
M. J. HOSMER

CHICAGO, 11
520 No. Michigan Ave.

MOhawk 4-5800
W. J. HIGGENS

CLEVELAND, 13
1164 Wuminating Bldg.

SUperior 1-7000
W. B. SULLIVAN

DALLAS, 2
1712 Commerce St.,
Vaughn Bldg.
ICE_CARD Rlverside 7-5117

SEARCHLIGHT SEcTioN I

1700 Broadway, Tower Bldg.
Alpine 5.2981

80-08 45th AVENUE, ELMHURST, NEW YORK +

SUBSIDIARY OF STANDARD KOLLSMAN INDUSTRIES INC

Classiticd Advertising)

5 TEN
BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE De— 26‘ PAT
’
DISPLAYED ———RATES——— UNDISPLAYED 856 Penobscot Bldg.
The advertising is $24.75 per inch for all $2.40 a line, minimum 3 lines. To figure ad- WQOodward 2-1793
advertising other than on a contract basis. vance payment count 5 average words as a line. HAMMOND
AN ADVERTISING INCH is measured 78’ vert. BOX NUMBERS count as one line additional. g
on a column, 3 cols.—30 inches—to a page. HOUSTON, 25
EQUIPMENT WANTED or FOR SALE ADVERTISE- DISCOUNT of 10% if full payment is made in r]
MENTS acceptable only in Displayed Style. advance for four consecutive insertions. Prudential Bldg, Room W-724
Send NEW ADVERTISEMENTS or Inquirll':s to géus:liﬁeyd Adv. Div. of Electronics, P. O. Box 12. Holcombe Blvd. JA 6-1281
The publisher cannot accept advertising in the So'arcinliah't s;cﬂbn. which lists the names of the manufacturers GENE HOLLAND
of resistors, capacitors, rheostats, and potentiometers or other names designed to desoribe such products. LOS ANGELES, 17
Phone: | — 1125 W. 6th Sfb oy 25450
; oy HUntley 2-
(" smscnereon speciais:  J\ Whlker 5.6000 CONTROLLING STOCKHOLDERS: w.c.omies )
2J26-7 $12.50 1. Are your corrorate val t ble
2J30 27.50 Cables: profits ' be’wee?\ 2?30,%00 u“::nd NEW YORK’ 36
2J3Y4 12.50 TELSERSUP $700,000? ) ) 500 Fifth Ave.
2J42 45.00 2. ArEid);::;e;hures not listed on either OXford 5-5959
gj::A g;gg 556 DGNE 508 503 3. Wln_':ulc_id_i’ be ?es’ fo': you ‘;7 huvr. 1h§ H. T. BUC?AVVA';E;}I.)E% LAWLESS
2155 IR of 1960 Electronics shargs? 0ot andfor liste A
2J56A S Buyers' Guide for a If your situation fits the above criteria, PHILADELPHIA, 3
2J61-2A b7 VI more complete listing and w’l.nefher or not yo;J wish ’oﬁcon’mue Six Penn Center Plaza
in ctive managemen . Wwe offer any
un ’ gggg comginuﬁon of Sc’t:ish and tax free ex- LOcust 8-4330
3J31 5-00 LIBERTY changed stock in our A, S E listed H. W. BOZARTH—H. NICHOLSON
ﬁg;/un . 135-00 ELECTRONICS :pmpuny if yourh:irmF.sl:’u’s ourldlversnﬁcu- PITTSBURGH. 22
davies A 10~ program., 0 Finders, please. ’
4157/9 .iin 135.00 INC. Write: 4 Gateway Cente
BO-5381, Electronics, M J
4)60/62 ...... 125.00 $82 BROADWAY C];ss. A‘}‘f-( 6?",‘.‘.‘.5 ) EXpress 1-1314
New York 12, N. Y. ° P O. 3ox 12, N. Y. 36, N. Y. d P. PIERCE
CIRCLE 460 ON READER SERVICE CARD CIRCLE 362 ON READER SERVICE CARD | (& | oo o
i . ,
Aﬁﬁ ue 3615 Olive St.
q LOOKING FOR JEfferson 54867
TELEPHONES | USED/SURPLUS ELECTRONIC SAN FRANC'SCO, 4
1 i S { ,, EQUIPMENT/COMPONENTS? 68 Post S1.
n » - . .
circuit only,  Write for compiete st For an up-to-date listing of suc equipment DOuglas 2-4600
“"#21".'2?:‘3:5}5;2?222‘:?&3"‘&0. i see Searchlight Section of Sept. 9th. S. HUBBARD g
Dept. E-100, Simpson, Pa.

CIRCLE 461 ON READER SERVICE CARD

136 electronics
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Audited Paid Circulation

*ADC Incorporated .............. 113

Allied Radio Corp....... ieieeee. 96
#Allmetal Screw Products Co., Inc... 116
2Alpha Wire Corp........ 000000 Lo 117
*American Lava Corporation....... 17

American Machine & Foundry Co.,
Potter & Brumfield Division..... 95

#Amperex Electronic Corp......... 81

Ampex Data Products Co......... 91

*Bead Chain Mfg. Co., The......... 102
¢ Bendix Corp.

Systems Division ...... 0000000 137
¢Bird & Co., Inc., Richard H........ 108
¢Bird Electronic Corp.......... ... 486

Bodnar Products Corp............ 127
¢Borg Equipment Division, Amphenol-

Borg Electronics Corporation. ... 2
¢Burnell & Co.,, Inc............... 3

Burroughs Corp.
Electronics Tube Div........... 73

#Bussmann Mfg. Co., Div. of McGraw
Edison ...... 0000000000000 00 26

*CBS Electronics ....
¢CTS Corporation ..........000e0n 13
Cannon Electric Co.............. 85

*Celco-Constantine Engineering Lab-
oratories .........cc0ci00nenn 38

#Clevite Transistor, Div. of Clevite
(ol 8 60000 00000000000000000 10

¢ Communication Accessories Company 110

Computer Engineering Associates,
I O e R e Fe e Ne e He N R He RN Re R e Re e R e 114

sConstantine Engineering Laboratories 38

¢Cosmic Condenser Co............ 116
Cossor Limited ................. 108
Craig Systems, Inc....... c....28, 29

“Cross Co.,, H....iniiiieiieennn 131
Dale Electronics, Inc........ 00000 U

¢Daven Company............. 3rd Cover
Davis Electric Co., Inc........... 117
Delco Radio ...... PR I ... 16

sEitel-McCullough, Inc. ........ .o. 18

*Electronic Instrument Co., Inc.
(EICO)

October 7, 1960

¢Fairchild Semiconductor Corp...40, 41
Fansteel Metallurgical Corp..... 82, 83

Federation National Des Industries
Electroniques .......... 000000

Forbes and Wagner, Inc.......... 106

*G-M Laboratories, Inc............ 118
Garrett Corporation, The....,..... 118

*General Electric Co.
Receiving Tubes ......... ,..22, 28

Defense Electronics Division..... 89
General Products Corp.......... . 120
Globus, Inc. ...... 0000000000000 112

*Harrison Laboratories, Inc........ 94

C-]

Haveg Industries, Inc..... o000 4
*Hewlett-Packard Co. ..... 1ess. 8
¢*Heyman Manufacturing Co........ 124

¢Hoffman Electronics Corp.
Semiconductor Div. O ¥
¢#Hughes Aircraft Co......,....27, 97

Hysol Corp. . ...ovvnnn 8000000000 ek

Indium Corp. of America ......... 116
sIndustrial Electronic Engineers, Inc. 117

International Resistance Co....... 43

Jet Propulsion Laboratory......... 110

Keithley Instruments, Inc......... 129

Laminated Shim Company, Inc., The. 37
Lockheed Electronics & Avionics Co. 93

sMagnetics, Inc. ............ ve... 115
Martin Co. ....103. 105, 107, 109, 111
Melabs ......cvieennnnnnnnns 12
McGraw-Hill Book Co............ 130

#Metronix, Inc. .......... 5000000 6

*Mico Instrument Co.............. 131

*Microtran Co.,, Inc............... 128
Microwave Associates, Inc........ 39

* See Advertisement in the July 20, 1960 issue
of Electronics Buyers’ Guide for complete line of
products or services.

SATELLITE
COMMUNICATIONS
ENGINEERS

Bendix now holds prime
responsibility for the
ADVENT program for the
Signal Corps.

Opportunities are available in:

Circuit Design
Packaging
Environmental Studies
Electromechanical Design
AJ Techniques
Information Theory
System Design and Operation
Space Environment
Microwave Technology

Write today to Director of
Personnel, Dept. B10-10.

o~ Gondlp”

coRPORATION

BENDIX
SYSTEMS
DIVISION

ANN ARBOR, MICHIGAN
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USE
THE
BUYERS'
GUIDE
AS A
MARKETING

TOOL

You’ll find key information from the
marketing viewpoint in the electronics
BUYERS’ GUIDE, It will help you to see
the whole picture of industry activity
clearly.

You’ll find facts about the markets...
materials. .. design—available nowhere
else.

You’ll find who makes which products
and where they are located.

You'll find a reflection of the size, in-
terests and stature of more than 4,000
companies.

Best of all, the BUYERS’ GUIDE and
Reference Issue is accurate, complete
and authoritative. You can act on the

information it gives you. o.e8

| e Rreris
‘ _.--.._....E
\

'BUYERS'
‘ UIDE |

FIND
WHAT and REFERENCE I$SUE

YOU
NEED DEMIGN .- FRODUCTION - UNR

IN
me electronics

BUYERS' GUIDE
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#*New Hermes Engraving Machine
(1 5 6686606000000 00608000000 2kl

Parabam, INC. civvessnscssscss. 24
Philco Corp. ...cveveveieiesesees B2

*Potter & Brumfield, Division of
American Machine & Foundry Co. 95

*Power Designs, Inc...........0.. 92
Precision Instrument Co.......... 15

Pyramid Electric Co....0ev0eveve.. 175

#*Radio Corporation of America...19, 48
99, 4th Cover

Rantec Corp. ......ccv0veeev... 833
*Rohn Mfg. Co.....co0iuceneeneass. 114
Rotolite Sales Corp.cvceceesccecs 124
Royal Electric Corp..eceeseecccess 14

*Sanborn Company ....ees.....50, B1
Sangamo Electric Co.........100, 101
Schober Organ Co...vvevevennn.. 104
Servomechanisms, Inc. ........... 25
Seymour Mfg. Co......vvvvvun. . 123
*Sigma Instruments, Inc........... 78
Spectrocoat, Inc. .. ..... ... 0. 127
Sprague Electric Co..... ....B5, 20, 102
Standard Electric Time Co., The.... 106
Superior Cable Corp......v0..... 87

#*Sylvania Electric Products, Inc.
Electronic Tube Division........ 34

Thermal American Fused Quartz Co.,
[ C R 5000000000003 000a Ak

Transradio, Ltd. ...c.vveeveeves. 127

Ultek Corp.

teevesesessesrsnseas 101

United Aircraft Corp.
Norden Div., Ketay Dept....... 71

United Electrodynamics, Inc....... 21
United Shoe Machinery Corp....... 102
*United Transformer Corp...... 2nd Cover
U. S. Stoneware. .. .....co0veevn- 45

Utica Drop Forge & Tool Division,
Kelsey-Hayes Co. ......0c00.... 86

*Varian Associates ¢.eeeeccceccese T9

Waters Manufacturing, Inc....119, 123

MANUFACTURERS REPRESENTATIVES
MacDonald Inc., Samuel K.............. 134

CLASSIFIED ADVERTISING
F. J. Eberle, Business Mgr.

EMPLOYMENT OPPORTUNITIES. 132-136

EQUIPMENT
(Used or Surplus New)
For Sale ........... sesesssssecsasenee 136

* See Advertisement in the July 20, 1960 issve
of Electronics Buyers’ Guide for complete line of
products or services,

ADVERTISERS INDEX

Drake Personnel ....................... 132
Kollsman Instrument Corp.............. 136
Liberty Electronics Inc................. 136
Modern Design ........cveiveviinncnnnn 132
Motorola Inc. ....eeeniiviiiiiiinnnnen., 135

Philco Corp., Western Development Labs. 134

Sanders Associates Inc.................. 132

Sikorsky Aircraft, Div. of United Aircraft
L7 o T 133

Telephone Engineering Co............... 136

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 re-
sponsibilities for errors or omissions.
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Audited Paid Circulation

BRUCE A. WINNER,
Advertising Sales Manager

R. S. QUINT, Assistant Advertising Sales Man-
ager and Buyers’ Guide Manager; FRED
STEWART, Promotion Manager; RICHARD J.
TOMLINSON, Production Manager; GEORGE
E. POMEROY, Classified Manager; HUGH ).
QUINN, Circulation Manager.

ADVERTISING REPRESENTATIVES: NEW YORK
Donald H. Miller, Henry M. Shaw, George F,
Werner; BOSTON William S. Hodgkinson,
Donald R. Furth; PITTSBURGH David M.
Watson; PHILADELPHIA Warren H. Gardner,
William J. Boyle; CHICAGO Harvey W.
Wernecke, Martin J. Gallay; CLEVELAND
P. T. Fegley; SAN FRANCISCO T. H, Carmody,
R. C. Alcorn; LOS ANGELES Carl W. Dysinger,
D. A. McMillan, Marshall Freeman; DENVER
J. Patten; ATLANTA M. Miller; DALLAS Robert
T. Wood; LONDON Edward E. Schirmer;
FRANKFURT Stanley R. Kimes; GENEVA
Michael R. Zeynel,

BRANCH OFFICES: National Press Bldg., Wash-
ington 4, D.C.; 350 Park Square Bldg., Boston
16; Four Gateway Center, Pittsburgh 22;
Six Pe-'n Center Plaza, Philadelphia 3; 520
North Michigan Avenuve, Chicago 11; 55
Public Square, Cleveland 13; 68 Post Street,
San Francisco 4; 1125 West Sixth St, Llos
Angeles 17; 1740 Broadway, Denver 2; 1301
Rhodes-Haverty Bldg., Atlanta 3; 901 Vaughn
Bldg., Dallas 1; McGraw-Hill House, London
E.C.4; 85 Westendstrasse, Frankfurt/Main; 2
Place de Port, Geneva.

OFFICERS OF THE PUBLICATIONS DIVISION:
Nelson L. Bond, President; Shelton Fisher, Wal-
lace F. Traendly, Senior Vice Presidents; John
R. Callaham, Vice President and Editorial Di-
rector; Joseph H. Allen, Vice President and
Director of Advertising Sales; A. R. Venezian,
Vice President and Circulation Coordinator.

OFFICERS OF THE CORPORATION: Donald C.
McGraw, President; Joseph A. Gerardi, Hugh
J. Kelly, Harry L. Waddell, Executive Vice
Presidents; L. Keith Goodrich, Vice President
and Treasurer; John J. Cooke, Secretary.
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The INCREDIBI.E SHRINKING ResisTor...

Daven has always been the leader in the minia- and dependability are of prime importance, specify
turization of precision wire wound resistors. Now, due Daven miniature wire wounds.
to further advances in resistor manufacture, Daven is

: ; : : MAX MAX

able to offer higher revs,|stanc'e‘values m.smal'ler sqze's TYPE DIAM LENGTH | WATTS OHMS
than ever before. Typical miniature units, with their
new maximum values, are tabulated here. 1250 1/4 1/2 = 1 Megohm

For guided missiles, airborne radar, telemetering, 1274 3/16 L 25 250 K
and for any application where extremely small size 1/4 27/64 -25 1 Megohm

we DAVERN <o QD) wrmeson vew essex

TODAY, MORE THAN EVER, THE DAVEN @ STANDS FOR OEPENDABILITY !



NOISE FIGURE db

From RCA’s microwave designers

New Ultra-Low-Noise
. StBana
ﬁﬁ Traveling-Wave Tubes
|

!

rREéQEﬂ&%g ~ 3600
With a Terminal Noise Figure as Low as 2.8 db.

'. Here are the dramatic facts about the new RCA developmental type
‘ A-1207 series of Ultra-Low-Noise Traveling-Wave Tubes.

4.5 db Maximum Terminal Noise Figure. This is a realistic value of
noise figure because it includes coupler losses. Because this is a maximum
value, the average noise figure for tubes in this series is considerably

less than 4.5 db. Laboratory tests of tubes of this series have shown
terminal noise-figure values as low as 2.8 db.

Advanced Proven Design. The design of the developmental type A-1207
series is based on that of the well known RCA-6861. Only recently
Zurich Airport reported 19,200 hours of service from a 6861.

Complete S-Band Coverage. The developmental type A-1207 series
offers coverage in bandwidths of 200 Mc to 800 Mc for S-band
frequencies between 2200 Mc and 4100 Mec.

1 Milliwatt Minimum Power Output. You'll obtain an output of
over 1 milliwatt with a minimum gain of 20 db from any tube in
1T ‘ this remarkable series.
o 4 Most important of all, the RCA developmental type A-1207 series is a
i firm design, ready for immediate production and delivery to meet
your schedules. Get full details about this unusual new line of
ultra-low-noise traveling-wave tubes today. Contact the RCA Field Office

nearest you. RCA Electron Tube Division, Harrison, N, J.

RCA ELECTRON TUBE DIVISION FIELD OFFICES. .. INDUSTRIAL TUBE PRODUCTS SALES: Detrait 2, Michigan, 714 New Center Building,
TRinity 5-5600 « Newark 2, N. J., 744 Broad St., HUmbaldt 5-3900 + Chicago 54, Ilincis, Svite 1154, Merchandise Mart Ploza, WHitehall
4-2900 + Los Angeles 22, Colif., 6355 E. Washington Blvd., RAymand 3.8361 . Burlingame, Calif., 1838 E! Camina Real, OXfard 7-1620.
GOVERNMENT SALES: Newark 2, N. J., 744 Brood Street, HUmbaldt 5.3900 Daytan 2, Ohia, 224 N. Wilkinsan St., BAldwin 6-2366
Washington 6, D. C., 1725 'K'" St., N.W,, FEderal 7-8500.

The Most Trusted Name in FElectronics
RADIO CORPORATION OF AMERICA






