Defense Debate: Orders or Cuts?
page 26

electronics

A McGRAW-HILL PUBLICATION MARCH 4, 1960 PRICE SEVENTY-FIVE CENTS

Testivg Thin Film
Char teristi(;s




FREQUENCY MEASURING EQUIPMENT

% Primary Frequency/Time Standard System
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New compact, easy-to-operate primary frequency and
time standard. Consists of the following four basic in-
struments (plus WWYV receiver not supplied).

f 113AR TFrequency Divider and Clock permits ad-
justnent of system for maximum absolute accuracy,
simplifics obtaining detailed records of drift rates or
time/frequency differences. Precise time comparisons
between the 103AR Frequency Standard and WWV
(or other) standard time signals serve to average out
arrors due to propagation path variations. $2,500.00.

# 103AR Frequency Standard is a completely tran-

sistorized oscillator which achieves stability of 5 parts
in 10'? per day. Provides 1 MC and 100 KC sine output.
Price on request.

4 T24AR Standby Power Supply powers the 163AR
and 113AR. Standby battery “floats” across regulated
power supply. instantly assumes load, continues sys-
tem operation in case of ac power failure. Built-in
alarm circuits. 26 v de output, 1.5 amp maximum cur-
rent. Price on request.

4 120AR Oscilloscope. 200 KC triggered oscilloscope
used as indicator. $435.00.

¢ 570/571B Digital Clocks

New 570A/571B Digital Clocks (installed
in left side of # Digital Recorder cabinet)
add time-of-day information to other re-
corded data. Clocks can also control rate
at which measurements are made. In-line,
6-place numeric readout; maximum 23
hours, 59 minutes, 59 seconds. Operates
with internal or external time base. #
5TOA (fits 560A) $1,050.00; # 571B (fits
561B) $950.00.

WIN THESE @ INSTRUMENTS!
157 PRIZE tmms
90 PRIZE & rmssroes

Guess the engineering man-hours invested in the
development of new instruments offered by % and
its subsidiaries, on display at the I. R. E. Show

@ AT 1. R. E. SHOW

3rd FLOOR
Between Elevators and Escalators on Aisle 300

4 403A

# 560A/561B Digital
Recorders

f 560A, 561B Digital Recorders pro-
vide continuous, permanent printed
record of test data. Analog output of
Model 560A makes possible graphic re-
cording with extreme accuracy. Records
five 11-digit lines/second; secondary
and coding data may be entered simul-
taneously. % 560A (6 digits) $1,265.00;
# 561B (for # Electronic Counters
with in-line display and 405AR Digital
Voltmeter use) $1,065.00.

an entry blank.

% 100E Precision Frequency
Standard

Model 100E is a new precision standard
with 5/10% per week stability, the versa-
tility of a wide variety of outputs, and
compact size—just 8% ” high. Qutputs in-
clude 1 MC and 100 KC sine waves from
50 ohm source, plus sine and pulse outputs
at 10 KC, 1 KC, 100 cps, 10 cps. A timing
comb is provided for calibrating or meas-
urement of sweeps and time intervals. The
instrument includes an oscilloscope for
calibrating external equipment with Lis-
sajous figures or checking internal fre-
quency division of the Standard. $900.00.

If your guess is closest to the actual number of man-hours, you win
a brand-new % 120A laboratory oscilloscope. If your guess is second
most accurate, you win a compact, multi-purpose new % 403A Tran-
sistorized AC Voltmeter!

Nothing to write, nothing to buy! Just drop by the LR.E. Show
exhibits of & and its subsidiaries—Dymee, Boonton Radio and
Moseley Autograf Recorders. Evaluate the new instruments on
display, and record your estimate of development man-hours on

Contest closes at 9 p.m., Thursday, March 24. Winners will be

notified later. In case of tie, Hewlett-Packard will award duplicate

prizes.

HEWLETT-PACKARD COMPANY

1025 Page Mill Road, Palo Alto, California, U.S.A.

Cable “HEWPACK”

DAvenport 5-4451

HEWLETT-PACKARD S.A.

Rue du Vieux Billard No. 1, Geneva, Switzerland
Cable “HEWPACKSA” Tel. No. (022) 26, 43. 36



are you properly
instrumented for the
increasingly complex
measurements of the
demanding new decade—
the ELECTRONIC 60’s?
‘.:. Do you have the tools
you need to progress,

to succeed?

providing the instruments you need
to keep pace now, and promising to
provide those you will need to move
ahead tomorrow!

HERE ARE THE FIRST OF THE
NEW DECADE’S IMPORTANT NEW
INSTRUMENTS FROM (p y /

to save your engineering time, to give you swift, sure
cult measuring problems ahead

& NOW ON 3rd FLOOR AT
L.R.E. SHOW! BETWEEN
ESCALATORS AND ELEVATORS
ON AISLE 300

Qur new exhibit, between the escalators
and élevators,. presepts 14 new instru.
ments, plus a host of ossociated and
recently introduced equipment. Don't
miss it}
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é 185A 500 MC Oscilloscope
@& 187A Dual Trace Amplifier

Versatile sampling oscilloscope permits viewing of repeti-
tive millimicrosecond pulses with conventional scope con-
venience. Rise time is less than 0.7 millimicroseconds. Full
10 centimeter vertical display and high vertical amplifier
sensitivity permit pulse analysis in greater detail than ever
before possible. Built-in time and amplitude calibrators
provide convenient verification of sweep and amplitude
calibrations.

187A Dual Trace Amplifier allows simultaneous viewing
of two phenomena and accurate time comparisons. Wide
dynamic range, calibrated vertical attenuators, sensitivity
10 mv/cm to 200 mv/cm, * 5% accuracy. Sweep times
range from 10 musec/cm to 100 musec/ecm; magnifier in-
creases fastest sweep to 0.1 musec/cm. Other features:
new-design high impedance probes, X-Y recorder out-
put, sweep delay control, beam finder. & 185A, $2,000.00 ;-
f 18T7A, $1,000.00.

# 160B 15 MC Militarized Oscilloscope

Model 160B is a reliable,
extra rugged, general
purpose oscilloscope built
to MIL standards. In ad-
dition to vertical ampli-
fier plug-ins, a second
series of plug-ins, includ-
= ing Model 166C Display
Scanner and others provide a high degree of flexibility,
eliminate possibility of obsolescence.

With 162A Dual Trace Amplifier plug-in, maximum sen-
sitivity is 20 mv/cm; amplifier features differential input,
1 MC chopping. High stability is achieved by tube-transis-
tor circuitry and regulated DC filament voltages through-
out. 24 calibrated sweep times are provided, 0.1 usec/cm
to 5 sec/em, = 3% accuracy. Seven range magnifier in-
creases fastest sweep to 0.02 usee/cm. Sweep delay plug-in
available. Horizontal sensitivity 0.1 v/em to 10 v/cm.
4 162A, $350.00; % 160B, $1800.00.

Truly a significant advance in measuring convenience and
accuracy. This plug-in unit for the 160B Oscilloscope pro-
vides outputs to duplicate a CRT trace with an X-Y
recorder such as the Moseley Model 2A; permits perma-
nent, large scale, high resolution record of repetitive wave-
forms displayed on CRT. Ultimate resolution is higher than
either scope CRT or photograph. You can observe scope
trace while records are being made.

Scanning speed is arranged to keep Y output within band-
width of conventional recorders. Unique pen speed stabi-
lizer automatically slows X axis drive when fast Y signals
occur, At other times permits rapid scanning to allow faith-
ful reproduction of square waves and sharp pulses with
reduced scan time. Outputs: Y-axis approximately 1 v full
scale; X-axis -+50 to —50 v approximately. Sweep range
from fastest scope speed to 5 ms/cm (signal rep rate
greater than 20 cps). # 166C, $300.00.
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MICROWAVE
EQUIPMENT

WR75 Components—
10 to 15 KMC!

Tool now for swift, sure measurement
in the newly-significant microwave
communications band (WR75). New
& microwave equipment includes
many popular & waveguide units—
specifically engineered for precise
work between 10 and 15 KMC. Check
this list: M375A Variable Attenuator,
M382A Precision Variable Attenuator,
M421A Crystal Detector Mount,
M487B Thermistor Mount, M532A Di-
rect Reading Wavemeter, M752 Direc-
tional Couplers (3, 10 and 20 db mod-
els), M810B Slotted Line, MS870A
Slide Serew Tuner, M914B Moving
Load, M920B Adjustable Short. All
fitted with flat cover flanges for WR-
75 waveguide. See your % Catalog for
general description of this equipment
as supplied for other bands; call your
& rep for details, prices.

@ 938A/940A Frequency Doubler Sets—

to 40 KMC

Now have convenient, in-
« expensive signal genera-
~] tion capability to 40.0
KMC! Operating on har-
monic generation princi-
ple, new & 938A provides
18 to 26.5 KMC output;

new & 940A covers 26.5 to 40 KMC. Can be driven from
% 626A and 628A Signal Generators or electronic sweep
oscillators. Conversion efficiency less than 18 db at 10 mw
input. Output power 0.5 to 1 mw approx. with & 626A
or 628A. Input power 10 mw (required), 500 mw (max-
imum}). Output monitor accuracy * 1 to * 2 db depend-
ing on model and frequency; output attenuator accuracy
* 2% of reading or 0.2 db (whichever is greater).
Attenuator range 100 db; output SWR approx. 2:1 at full
output. Size 5” high, 19” wide, 18" deep, weight 20 lbs.
d» 938A, $1,500.00; % 940A, $1,500.00.

@ 344A Noise Figure Meter

Specifically designed to
quickly, accurately meas-
ure noise figure of operat-
ing radar sets. Automatic
operation; simple front
panel calibration. Milita-
rized, transistorized, for

reliability in extreme environments, and minimum size
and weight. Gives continuous noise figure presentation on
most radar receivers. Extremely high sensitivity permits
decoupling noise source up to 20 db from main transmit-
ter line to minimize system degradation. Provision for
automatic alarm; special output permits nmonitoring noise
figure with remote meter. Noise source modulator may be
installed remotely. Several meter scale/excess noise op-
tions; 30 MC input frequency, 1 MC bandwidth, 75 ohms
input impedance. Approx. price $1,600.00 (depending on
ontions and modifications selected).



VERSATILE TEST INSTRUMENTS

& 411A 1 KMC Voltmeter

Perhaps the most widely useful new voltmeter of a
decade! A practical, accurate VITVM with frequency
response to 1 KMC—measuring ac voltage to 1 millivolt,
with high accuracy! Precision linear scale you read in-
stantly, unmistakably, directly! This is the new & 411A,
latest in broad array of & precision voltmeters—stand-
ard of the industry!

Overall frequency range 5 KC to 1 KMC; voltage range
1 millivolt to 10 v; 10 millivolts full scale sensitivity.
Covered in 7 ranges. Accuracy is = 3% of full
scale, 10 KC to 50 MC; = 6% of full scale,
50 MC to 150 MC; = 1 db, 5 KC to 1 KMC.
Large linear meter scale. 115/230 v line power.

= $450.00.

@& 466A AC Amplifier

Highly stable, low distortion, wide range transistorized
amplifier offering 20 or 40 db gain to increase scope or
voltmeter sensitivity by 10 or 100. Flat response within
+ 0.5 db 10 cps to 1 MC renders the instrument appropri-
ate for audio, supersonic or low rf measurements. Powered
by ac line voltage or batteries offering approximately 150
hours of hum-free service. Weighs just 3 lbs.; ideal for

—
# 456A AC Current Probe

Permits your conventional ac volt-
meter or oscilloscope to measure cur-
rent quickly and accurately—with-
out direct connection to the circuit
under test or appreciable loading of
the circuit. Unique new probe just
clamps around the current-carrying
wire, providing a voltage output you
read on a VTVM or scope. Sensitiv-
ity ( out/input) is 1 mv/ma; thus,
readings are direct in ma. Measures
ac in logic circuits, transistors,
vacuum tubes; makes possible scope
viewing of complex current wave-
forms with rise times to 0.08 usec,
currents from 1 ma to 1 amp rms.
$190.00.

INSTRUMENTS

field measuring. $150.00.

14 NEW o

to save your time and simplify your job!

& Voltmeter-Oscilloscope Calibration System

Complete calibration of VITVM’s or Oscil-
loscopes involves measurement of both
frequency response and voltage accuracy.
New & calibration system performs these
tasks quickly, accurately. System includes:
& T38AR Voltmeter Calibrator (top),
highly stable voltage source providing ac-
curate de and 400 cps ac levels from 300
xv to 300 v with negligible drift and hum.
$875.00.

& T739AR Frequency Response Test Set

(middle) provides a constant amplitude
reference voltage of at least 3 v into 50
ohms at frequencies from 300 KC to 10
MC. In connection with & 200SR (see be-
low) frequency range extends to 5 c¢ps on
low-side. $450.00.

& 200SR Oscillator (bottom) is a special
5 eps to 600 KC oscillator designed for use
with Model 739AR. Waveform distortion
and output impedance are low to insure
reliable measurements. $180.00.

@@ Registered Trademark of the Hewlett-Packard Company
Data subject to change without notice



weigh
measure
check
test

automatically

Testing processes can be time consuming and are
subject to human fatigue factors and human error.

Any process that involves measurement, weight,
counting, computation or the evaluation of known
positive factors can be reduced to automatic
testing.

North Electric Company has, for years, led the
field in designing, engineering and manufactur-
ing such “test” equipment.

North equipment is performing such varied
functions as automatic weighing and price com-
putation in food processing, coin collection and
axle count at super-highway toll gates, circuit
and cable testing, automatic sequential produc-
tion line testing and evaluation, even fault simu-
lation and check-out on missiles.

Automatic testing is faster, completely accu-
rate, can be remotely controlled and frees skilled
manpower for other work.

If you have any process that involves testing,
in the broadest sense of the word, North
Electric's system-concept-minded engineers can
“automate” it.

North Electric's engineering team has devel-
oped, engineered and built over 5000 system
complexes, many of which have been in contin-
uous service for decades.

To learn exactly what NORTH CAN DO FOR
YOU —write, wire or phone

[

ELECTRONETICS DIVISION G
o
)

NORTH ELECTRIC COMPANY d
643 S. MARKET ST. GALION, OHIO O

60-5-2
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CROSSTALK . . .

THE LARGE AND THE SMALL. Scientific man finds himself ever
more deeply involved in reaching for extremes. In this technology,
our engineers push the need for precise measurement to limits that
we. ourselves would not have grasped two decades ago. And so we
constantly face the need for bigger numbers-and smaller numbers
to describe what we see.

For ten years or so we have limped along with double prefixes
on our metric units—kilomegacycles, millimicroseconds, and so forth,
Indeed, the problem is even older, for the micromicrofarad has been
with us almost from the outset.

The metric system was set up with the idea of having a unique
prefix for each order of magnitude. That idea does not today seem
feasible, but each of the major orders should have its distinctive
prefix in order to avoid impossibly long circumlocutions.

In 1958, the International Committee on Weights and Measures
adopted four new prefixes for denoting the positive and negative
ninth and twelfth orders of magnitude. National Bureau of Stand-
ards last year began using the new prefixes. One national committee
on electrical standards has adopted one of the prefixes which it needs
most.

This magazine will henceforth follow suit. The need to abandon
millimicros and kilomegas has pressed us hard, and we gratefully
yield to the pressure. Here are the prefixes and abbreviations that
will be found in these pages from now on with the various orders
of magnitude:

10" tera- T 10 pico- P
10° giga- G 10~ nano- n
10° mega- M 10 micro- ©
10° kilo- K 10 milli- m
10* hecto- H 10~ centi- c
10 deka- D 107 deci- d

The old ways die hard. Although we’ll try to be as consistent
as we can, we hope you’ll forgive an occasional relapse.

Coming In Our March 11 Special Issue . . .

LOOKING AHEAD. The approach of the International IRE show is
traditionally a time for looking ahead to future developments in our
industry. Research now underway on new concepts, components
and materials will bring significant results in many areas of elec-
tronics within the next two years.

In our next issue, a special, you’ll read about trends and develop-
ments expected for 1961-62 in computers, communications systems,
microelectronics, energy converters and other areas. To bring you
this informative roundup, Associate Editor Emma and Assistant
Editor Wolff have just visited research laboratories and interviewed
specialists in a dozen different fields.

To learn the directions that learning-machine research is taking,
the outlook for optical masers, the predicted efficiencies for different
energy conversion techniques, the latest trends in ultrasonics watch
for ELECTRONICS, March 11.

SOLAR CELLS. Because of weight limitations in space vehicles,
devices which convert solar radiation directly into electrical power
are highly desirable. Next week, R. M. Acker, R. P. Lipkis, R. S.
Miller and P. C. Robinson of Space Technology Labs describe the

| basic design considerations and applications of silicon solar cells
| in the three space vehicles for the NASA Able-3 and -4 programs.
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RAYTHEON METAL ENVELOPE
16 RADAR DISPLAY TUBES

meet your design needs better. . . and faster

% AVAILABLE immediately in production quantities

% AVAILABLE with aluminized faceplates
% AVAILABLE with all standard radar phosphors

% AVAILABLE with special infrared-stimulable
storage phosphors (for true-motion trail indication)

Every design advantage of metal-envelope
CRT’s is yours with Raytheon radar display
tubes. You get more usable cabinet space
and can cluster more components behind the
tube. And Raytheon metal-envelope tubes
are lighter, too — weigh five pounds less
than equivalent 16” glass envelope CRT’s.
The rugged metal envelopes withstand
plenty of rough handling and vibration, and
provide a solid rim around the faceplate that
simplifies mounting assembly design.

The faceplate of a Raytheon metal-
envelope CRT is precision-curved plate glass,
carefully controlled in production to assure
absolute uniform thickness — more accurate
for optical reflection plotting.

Choose from stock tubes listed below —
available with all standard radar phosphors
and special infrared-stimulable storage phos-
phors — or let Raytheon’s custom engineer-
ing service assist you in developing or adapt-
ing a tube to meet specific new applications.
Write direct to Dept. 2527.

TYPICAL CHARACTERISTICS .
Deflection Deflection Collector Grid £2 Grid £1 Focus Current Qverall Overall Screen
Type Focusing Method Method Angle Voltage Voltage Voltage . JET%.‘Q) Length Diameter Diameter
oil #

16ADP magnetic

high-voltage
CK1352 (3300 to 4300 magnetic 53° 12,000Vdc| 300 Vdc -33to 95 ma. 21%" 157%" 14%"

Vdc) —77 Vdc

low-voltage
CK1353 $;l35 to +400

c

N\ INDUSTRIAL COMPONENTS DIVISION

51 Chapel Street, Newton 58, Massachusetts

Los Angeles — Normandy 5-4221 Dallas — Fleetwood 1-4185  Chicago — National 5-4000  Orlando — Garden 3-1553 New York — Wisconsin 7-6400
San Francisco — Fireside 1-7711  Kansas City — Plaza 3-5330 Cleveland — Winton 1-7716  Baitimore — Southfield 1-0450 Boston — Bigelow 4-7500

GOVERNMENT SALES: Boston — Bigelow 4-7500 « Washington, D.C. — Metropolitan 8-5205 » Dayton — Baldwin 3-8128
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» automatic multiplier 2341E at conventional adding machine cost

a versatile, double keyboard machine——provides essentially calculator performance and speeds

up all percentage, invoice, job cost and payroll computations——has completely automatic mul-

tiplication feature

no stroke counting is required saves time and increases reliability

“addo-x" stands for a family of versatile, time-proven adding and calculating machines
backed by nation-wide service facilities——uwith lifetime guarantee repair parts availability

see your dealer for on-your-job proof or write: “addo-x" 300 Park Avenue, New York 22, NY
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EXCLU-
SIVELY
FROM
CANNON

A MINIATURE GENERAL
PURPOSE PLUG FEATUR-
ING ONE RECEPTACLE TO
ACCEPT EITHER BALL OR
BAYONET LOCK PLUG...
WITH HIGH ALTITUDE PER-
FORMANCE—Now you can
get true high-altitude perform-
ance in a miniature general
purpose plug! Plus, Cannon's
KQ KR exclusively provides
one receptacle to accept either
ball or bayonet lock coupling
device. The KQ KR is the
latest Cannon contribution in
miniature plugs...crimp-type
snap-in contacts...probe-
proof socket contacts...mois-
ture sealing grommet. .. field
service with a simple hand
tool! The KQ KR is another
reason why you should con-
sult the first name in plugs—
why you should always con-
sult Cannon for a/l your plug
requirements. Write for further
information on the KQ KR, or
any Cannon product.
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Switch capsule of the new Clareed Sealed Contact
Reed Relay consists of a pair of magnetically
operated contacts, hermetically sealed in a
glass capsule, in an atmosphere of inert gas.

Milliseconds (including bounce)
SPECIFICATIONS Watts to Just Operate

Contact Arrangement: Normally form A, form B, in combina- Switches Operate Excess NI over P.U
tion form C per Coil  Typical Coils 100 200 Release

Overall length: 3-% in. max, 0.25 1 0.8 0.25
Outside diameter: 0.215 in. max. 0.30 1.5 0.9 0.25
Contact material: Gold 0.35 20 15 0.25
Contact rating: 15 volt-amperes max., non-inductive: 1 amp. ’ ’ ) )
max.; 250 volts max. 0.42 3.2 2.2 0.25
Contact resistance: 25-40 milliohms. 0.52 3.5 25 0.25
Life expectancy: At 14 volt-amperes (14 ampere, 28 volts dc), 0.8 5 3.5 0.50
20,000,000 operations. 1.5 6 5 0.50
At 7 volt-amperes (14 ampere, 28 volts de),
100,000,000 operations. 3.5 8 6 0.50

Minimum breakdown voltage: (60 cps) 500 volts rms.

At 'just operate” 0.3 ms max.
Insulation resistance: 500 k megohms min. u P

- T BOUN At 200 excess NI 0.5 ms max.
Low level load test: 8 microamps, 800 ohms, 250 millivolts, A CHIEOUNCE At 400 NI 0.8
open circuit operated at 3 ips, 100 million excess -6 ms max.
operations with no failures. No bounce on release.
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.CLAREED

a New Concept in Relay Design

SEE IT
AT THE

IRE SHOW

New York Go
March 21-24

BOOTH NOS.

2218 &
2220

The new CLAREED Sealed Contact
Reed Relay effectively eliminates
contact contamination. With its
contacts hermetically sealed in con-
taminant-free inert gas, this new
design assures millions of perfect
operations. Hundreds of millions
are possible when operated at up to
15 rated contact load.

CLAREED relays are ideal compo-
nents for transistor drive applica-
tions and for use in computers and
data processing equipment. Their
low inductance and the low induct-
ance change in the operating coil at
each operation limits the transients
produced. Submit your packaging
problem for recommendations.

e PACKAGED TO MEET YOUT REQUIREMENTS

Ten CLAREED switches,
mounted in line on a
printed circuit board with
five magnetic coils. This
assembly can then be en-
closed in the flat, rec-
tangular container or it
may be coated with
**Skin-Pack,’”" a tough
vinyl plastic, and
mounted directly into
your equipment.

Important features of CLAREED relays are their simplicity

Six CLAREED
switches clus-
tered for
mounting In a
single tube
container.

and flexibility. They may be mounted to meet the require-

ments of almost any application and environmental con-
dition, even on your own printed circuit board —to comply
with your mechanical design configurations.

CLAREED relays are as flexible as vour application requires. Consul-

tation with your nearby CLARE sales engineer is invited. Additional

information may be obtained from C. P. Clare & Co., 3101 Pratt

liseum

Blvd., Chicago 45, Illinois. In Canada: C. P. Clare Canada Limited,

Box 134, Downsview, Ontario. Cable Address: CLARELAY. Send for

Bulletin CPC 5.

CLARIE

FIRST
in the industrial field
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.+ HIGH
VOLTAGE

" TRANSFORMERS
5 PRECISELY

"\ FITTED*

the requirements of advanced ele¢tronic applications

e . e L

Designers of high power transmitters, amplifiers, particle accelerators and other advanced electronic equipment often encounter a
problem in finding the right resource to meet their exacting specifications for high voitage transformers. The reason: most giant firms
don't have the flexibility to fully accommodate the customer on custom engineered units; while many smaller companies simply don’t
have the technical depth and production capability. Electro has all of these qualifications: unique experience in custom designing
high voltage transformers for advanced electronic applications; the production capability to build them; and the flexibility to do the
job quickly and economically. Electro units are now being used by electronic systems and equipment manufacturers across the
nation—in ground radar, scatter communications, missile support equipment, sonic vibration testing equipment, accelerators, 'If

your requirement for a high voltage transformer is a little more sophisticated, a bit more demanding and exacting than the average

...then get the complete Electro story. - I:I. E GTRO

high reliability transformers

ELECTRO ENGINEERING WORKS / 401 PREDA STREET, SAN LEANDRO, CALIFORNIA



BUSINESS THIS WEEK

Communications System Within Earth’s Crust

Is Getting Feasibility Study for Air Force

Studies and experiments in subsurface propagation
of electromagnetic waves will be carried out under a
$116,000 Air Force contract by Space Electronics
Corp., Glendale, Calif. Rome Air Development Center
wants the company to determine if it is feasible tq
bury the components of a communications systems
deep within the earth’s crust.

The California firm says it has already conducted
considerable study and experimentation under a previ-
ous contract and with its own funds. The company
claims that substantial verification of theory for short-
range underground communications has been obtained
from its experimental underground station.

“Earth crust communication techniques that con-
nect buried sites offer excellent survival potential
against natural and artificial hazards,” declares Space
Electronics. Security of such a system suggests its
possible use as a communications network for under-
ground ICBM launching sites. In case of an enemy
missile attuack, instant massive retaliation would re-
quire communications links to U. S. ICBM bases that
would not be disrupted by the attack.

Titan Flight Test Program Will Use
Pulse-Code-Modulation Telemetry System

Titan ICBM, being pushed rapidly towards opera-
tional status, will soon enter a new flight test phase
requiring the acquisition of more airborne data. The
Air Force has selected pulse-code-modulation tele-
metry to handle the expanded volume of flight data,
ELECTRONICS learns.

PCM, which intersperses analog and digital data on
one multiplexed channel. will be used for the first time
in a liquid-propelled ICBM. PCM telemetry has al-
ready been slated for tests of the more advanced
Minuteman solid-fueled ICBM. The Titan PCM system
will transmit digital data on the AC Spark Plug in-
ertial guidance system. (First operational Titans will
use the Bell Telephone Laboratories radio-command
guidance system, while later ones will use the AC
Spark Plug inertial guidance system).

Radiation, Inc., Melbourne, Fla.,, is carrying out
the PCM telemetry work under a $2,320,000 subcon-
tract. The contract calls for fabrication, testing and
delivery of a Titan airborne PCM telemetry system,
plus checkout equipment.

Plasma Circuit Used As An Oscillator
To Generate Microwave Energy of 2,000 Mc

Beam-generated plasma has been used as an elec-
tronic cireuit capable of conveying radar energy for

<—CIRCLE 10 ON READER SERVICE CARD

practical purposes. Sperry Gyroscope scientists C. C.
Wang, L. P. Levine and J. E. Hopson last week re-
ported that they have used a gyroelectric plasma cir-
cuit as a velocity-modulated oscillator to generate
microwave energy. “Gyroelectric” refers to the fact
that the charged particles move in a rotary manner
similar to a gyvroscope’s spin.

“As we learn more about the character of the elec-
tric circuits formed by plasma,” they said, “it is con-
ceivable that they may be used to replace or enhance
operation of electronic devices that now use wires,
capacitors or other conventional circuit elements.”

What the Sperry scientists did was to aim a 500 v
beam of electrons through rarefied hydrogen gas
contained in an electromagnetic envelope. This created
hydrogen ions which behaved like an ordinary feed-
back circuit. The ions and electrons coupled into the
electron beam. The beam then served as an antenna
to convey radar energy of 2,000 Mc out of the plasma
circuit. Sperry scientists expect to reach 70,000 Me,
predict eventual circuits operating at 300,000 Mec.

ELECTRONICS NEWSLETTER

Biocurrents in human cells are being studied by
Soviet scientist Platon Kostjuk, Tass reports. He has
devised a microelectrode with a tip measuring 0.2
micron in diameter which is inserted into a cell, nor-
mally up to 100 microns in size. The biocurrents are
transmitted through the electrode to an oscillograph.
Readings ave then filmed.

Announcement that French instrument companies
will hold a 10-day exhibition in Moscow in April
rounds out the triumvirate of European countries
invited to display their wares in Moscow’s Polyte~hnic
Museum. First held was the German instrument ex-
hibition last November. After the French comes the
British scheduled for June 16-26. The Soviets have
been careful to avoid specifying any area of interest.
The British Scientific Instrument Manufacturers As-
sociation plans a broad-scope exhibition that omits
specialized equipment embargoed for export to Com-
niunist countries.

Magnetohydrodynamics symposium held last month
at the University of Pennsylvania under the sponsor-
ship of the basic sciences committee of the American
Institute of Electrical Engineers points up the fast-
growing industry interest in the field. Some 300 scien-
tists heard 37 papers over two days on basic research,
communication through plasma, power conversion,
fusion and ilight applications. Observed one top in-
dustry scientist: ‘“Any company interested in missiles
and space not now in this field can’t afford not to get
in it pretty fast.”

Tunnel triode, a transistor-like device in which the
emitter-base junction is an Esaki tunnel diode and
the collector-base junction is a conventional diode, is
being investigated at MIT’s Lincoln Laboratory as
a potentially useful computer element. More details
will be given in ELECTRONICS next week in a report
entitled “Future Developments in Engineering.”
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Paragon-Revolute introduces a great
new concept in reduced size reproduction .

RETRIEVABLE
MINIATURIZATION

‘The Paragon-Revolute Continuous
Reducing Printer is the heart of Re-
trievable Miniaturization. Really a
giant movie camera, it takes pictures
of drawings while they move through
the machine at speeds variable from
3 fpm, to 30 fpm. It takes drawings
up to 42" wide, offers reductions of
1/2,1/3,1/4, 1/5, 1/6, 1/7, 1/8 size. If
desired, one of two ratios supplied
may be 1:1 for originals up to a max-
imum of 21" wide by any length.
Camera feeds the same as blueprint
and whiteprint machines.
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Lockheed engineers and Para-
gon-Revolute representatives
compare half-size print with
full-size drawing at Lockheed
Aircraft Corporation, Missiles
and Space Division, Sunnyvale,
California. Lockheed officials
report that Retrievable Minia-
turization has given them the
economies and advantages pos-
sible from reduced print size
without sacrifice of valuable
information on engineering
drawings.

Andrew T. Johnson, (right) and
Robert Johnson, owners of
their own reproduction and
blueprinting service firm in
Boston, were the first to install
Retrievable Miniaturization as
a commercial service. They
state: “Retrievable Miniaturi-
zation makes real sense to us
—and to anincreasing number
of our customers. Incidentally,
our Revolute Processor is do-
ing a fine job in processing
direct positive papers.

THE IDEA. Retrievable Miniaturization is a
new ingenious method for reducing the size
of prints yet keeping them large enough to
be completely readable and usable. Developed
by Paragon-Revolute, this method is acknowl-
edged as one of the significant advancements
in reproduction.

HOW IT WORKS. In Paragon-Revolute’s unique
Continuous Reducing Printer and Processor,
reduced-size transparencies are made directly
from original drawings for immediate repro-
duction in blueprint or diazoprint equipment.
Reductions can be made as positives or nega-
tives on paper or film. The Printer takes
drawings up to 42" wide by any length at
speeds up to 30 fpm.

THE ADVANTAGES. Retrievable Miniaturization
fits in with existing facilities, calls for no
drastic changes in present drafting standards

Reduced-size prints are simple and fast to make.
A. Original drawings are fed into B. Revolute Continu-
ous Reducing Printer where they are photographed and
reduced on paper or film transparencies. C. Revolute
Continuous Processor develops, fixes, washes, and dries
transparencies for immediate reproduction in D. Blue-
print equipment or E. Diazotype reproduction machines.

ELECTRONICS - MARCH 4, 1960

or print-making systems. It enables savings
in materials up to 300% ... increases capacity
of blueprint or diazotype equipment up to 4
times . . . slashes print handling time, filing
space, and mailing costs. Most importantly, it
provides readable, usable reduced-size prints
without the problems and high cost of blow-
back systems.

You owe it to yourself and your company to
investigate the advantages and savings offered
by this great new concept in reproduction by
mailing the coupon below.

PARAGON
REVOLUTE

Rochester 4, New York

77 South Avenue °

N OF CHARLES BRUNING (O., INC.

(BRUNING)

| Paragon-Revolute Advertising Department, Dept. 3-Z
1800 Central Rd. Mt. Prospect, tllinois

(0 Please send me more information about Retrievable
Miniaturization.

[0 Please arrange for one of your representatives to
contact me about a demonstration.

Name Title
Company

Address

City State

CIRCLE 13 ON READER SERVICE CARD
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BARNSTEAD
ENGINEERED
WATER PURIFICATION

EQUIPMENT

18,000,000 OHM WATER

This Barnstead “equipment engineered in
series consists of sand and carbon filter,
high-capacity four-bed demineralizer, two
Barnstead High-Purity Stills, Tin-lined
tank, Mixed-Bed Demineralizer, MF Sub-
micron Filter, Tin-lined Heater. Pro-
duces 18,000,000 ohm water in production
quantities, completely free of minerals,
organics, bacteria, and submicroscopic
particles down to 0.45 micron.

COOLING WATER
RE-PURIFYING SYSTEM

adds thousands of hours to UHF trans-
mitting tube life. Saves additional hours
of. maintenance ordinarily spent in citric
acid cleaning procedures within the cool-
ing system. Write for detailed Bulletin 149.

WASHER
Rinses transistors, diodes, and other small
components in hot, ultra pure water. Sys-
tem filters out particles to 0.45 micron.
Continuous re-purification system con-
serves water resulting in substantial sav-
ings. Write for Bulletin 146,

Bﬁ"i‘ﬁétea

STILL AND STERILIZER CO.

84 Lanesville Terrace, Boston 31, Mass.

BOSTON NEW YORK CLEVELAND
JAmaica Kingsbridge ACademy
4-3100 8-1557 6-6622
CHICAGO PHILADELPHIA WASHINGTON, D.C.
ROgers Park LOcust District

1-6173 8-1796 7-1142
LOS ANGELES SAN FRANCISCO DETROIT
RYan TEmplebar ENterprise
1-6663 2-539 7422
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WASHINGTON OUTLOOK

THE AIR FORCE is still fighting to build a new manned bomber, despite the
administration decision to hold back development of the 2,000-mph B-70
and a nuclear-propelled aircraft.

Air Force planners now regard a secret study project, Dromedary, as
a potential bomber of the future. The project is under the direction of
the Rand Corp., and reports say Boeing and Northrop are in on the work.

As presently conceived, the Dromedary would not require the most
advanced electronic equipment. The plane would be a relatively slow-
flying plane powered by a conventional jet engine. Its virtue would be
endurance, It would stay aloft for upwards of 10 days and would be
capable of launching air-to-ground ballistic missiles at enemy targets.
Because of its airborne endurance, the plane would be less vulnerable
to an enemy blow at our fixed bases. Flight endurance would stem from
a perforated “laminar-flow” wing designed to reduce drag and therefore
fuel requirements.

In effect, the Air Force would be using a low-performance aircraft as
a missile platform. While the B-70 and nuclear powered planes would be
high-cost aircraft based on breakthroughs in technology and would require
new electronic systems, the Dromedary would be a relatively cheap plane
which could be built out of current knowhow.

Top Air Force brass are said to be eagerly awaiting the outcome of the
study project. They believe they can sell a production program for this
type of plane more easily than one for the B-70 or a nucleav-powered plane.

@® The Pentagon has officially given the green light to serious develop-
ment of the Air Force’s Sky Bolt air-launched ballistic missile. Until
now the project had been strictly in the design study stage.

Nortronics division of Northrop Corp. is guidance system sub-
contractor to Douglas Aircraft, the weapon system prime. Nortronics
has designed an inertial system for the new missile—an outgrowth
of Northrop’s Mark 1 system for the Snark guided intercontinental
missile. The air-launched ballistic missile was primarily conceived
for the B-70 and nuclear bombers.

It’s now planned to put the new missile into the B-52 bomber. Only
slight modification of the aircraft would be needed, the Air Force
claims. The Dromedary aircraft, with its tremendous flight endur-
ance, might also be an ideal platform for the missile.

® The Air Force is now plugging for a Pentagon decision for a crash
program to develop an operational Midas (Missile Identification
Detection and Alarm System) satellite.

The satellite would use infrared sensors to detect the heat radia-
tion emitted by enemy ballistic missiles. Lockheed is prime con-
tractor.

Current Midas development budget runs to $59.7 million, and an
increase to $102 million is currently scheduled for fiscal 1961. The
Air Force, pushing for greatly increased funds, argues that devel-
opment has advanced far enough to justify the start of fabrication
of operational-type satellites.

Meanwhile, the Air Force is ready to divert R&D funds originally
earmarked for other projects this year to Midas. This is being done
in advance of the Defense Department decision now pending.

A major factor in the Pentagon’s deliberations is how long the
Midas would remain in orbit. The objective is a year-long orbit for
the early-warning satellite. The Air Force is confident that the first
test satellite, to be launched this year, could be placed in orbit for
from one week to a month,
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SCIENTISTS AND ENGINEERS: g There are two sides to the STL coin...
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What STL does: What STL offers:

For scientists and engineers with out-
standing capabilities, STL offers unusual
growth opportunities in many areas of
technical activity, including:

Space Technology Laboratories is making
significant contributions in theoretical
analysis, research, development and
technical management of advanced ballistic
missile and space systems. STL conducts
advanced space flight experiments under the
executive management of the Air Force

on behalf of such agencies as ARPA and

Electronic and Electromechanical Systems

Vehicle Engineering and Development

Propulsion and Guidance Systems

$0000000008000000000000000 0000800000000

NASA. In addition STL’s leadership in Computer Technology
military applications of space technology is Systems Engineering and Technical :
illustrated by its successful accomplish- Direction

ments as the contractor responsible for Telecommunications

over-all systems engineering and technical
direction of the Atlas, Titan, Thor, and G as ¢ Eoui
Minuteman portions of the Air Force round Support Equipment

Ballistic Missile Program. i 4 i

NEW YORK INTERVIEWS FOR MEMBERS OF IRE

For the convenience of those attending the Institute of Radio Engineers
meeting, members of STL’s Technical Staff will conduct personal interviews
in New York, March 21-24. For an appointment, please telephone
Mr. Robert Galbraith at STL’s IRE suite, or send a complete resume to
Space Technology Laboratories, Inc., P.O. Box 95004,
Los Angeles 45, California J

SPACE TECHNOLOGY LABORATORIES, INC.

b n
$0000000000000000000000000000000000000000000000000000000s LXTYTTYY 00000000000000000000000090000000000000000000000 0000000000000000000000000600000000000000000000000000000

Airborne Systems
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Firm price and delivery on low noise parametric amplifiers

Firm price and dellvery schedules are available for negative resistance, cavity type HUGHES PARAMETRIC AMPLIFIERS —Typical Characteristics
amplifiers in the L, S, C, and Lower X-Bands. You can choose fran either'development L Band S Band C Band X Band
modelﬁ'tor evaluation in ygur system, or c_ustom de.sn.gned. fully qgallmed units in produgtlon Pump 50 mw at S 100 mw at 10 mwatX 150 mw at
quantities. The table at right shows typical amplifier characteristics now being obtained or C Band X Band orK,Band K, Band
in development models. Gain 15t020db  151025db  15t025db 151020 db
With noise figures as low as 2 db, these amplifiers are ideally suited to radar acquisition
i ; A . Bandwidth 210 10 me Upto2Bme U 5

and tracking systems, tropo-scatter communications, telemetering, satellite tracking, and ! m 2 pllos/mcameitodine
microwave relay links, Noise Figure 2to 4 db 2fo 4 db 2to 4 db 6db
They recover from overload in milliseconds~—are resistant to deterioration and failure from Remarks Non- Non- Non- Quasi-

N oc N e T B degenerate degenerate degenerate degenerat
high power, Phase jitter and gain stability characteristics are excellent, and with the o S
associated ferrite circulator, the amplifier is fail-safe in case of pump or diode failure. For information on price and delivery |~ =~ -~ = - = ---c~ooo -

N . e . " s dates, or for further technical data, t
Small in size and weight, the amplifier can easily be retrofitted to many existing systems.  write Microwave Products, Advanced | i
' HUGHES !
L}
I,

f " v . o i a ProgramDevel nt, Hughes Aircraft
Hughes Microwave Products can provide complete retrofit kits, including ferrite circulator, SO St L

5 1 ’ ] ny Company, Culver City 3, Calif.,
amplifier, pump circuitry, and pump klystron, custom fitted to your system configuration. { or phone UPton 0-7111, Ext. 4727, 1. o oo o o o |

© 1939 HUGHES AIRCRAFT COMPANY
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HERE’S WHY CENTRICORES ARE
PROBABLY THE MOST CONSISTENTLY
UNIFORM CORES YOU CAN BUY:

The exceptional uniformity you get in tape-wound Centri-
cores is not easy to come by. It’s the result of painstaking
precision at every stage of the manufacturing process
—and, in fact, before manufacturing. Three principal
factors help produce Centricore uniformity:

Careful classification of materials—Raw alloys are first
“pedigreed”’—meticulously selected, then tested for some
14 parameters, and classified by magnetic properties.
We're the largest buyer of nickel alloy magnetic materials
in the world ... which permits us to choose material
for Centricores from an unusually wide distribution of
magnetic properties.

Special winding machines—We build our own machines,
to die-making tolerances, for winding magnetic alloy tape
into cores. We also build our own machines for applying
insulating coating to the tape. These machines give us
far greater uniformity in dimensions, insulation and ulti-
mate performance of Centricores.

ELECTRONICS - MARCH 4, 1960
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Closely-controlled annealing — Annealing—perhaps the
most critical phase of the core-making process—is done
under precisely regulated atmospheric and temperature
stabilized conditions to hold Centricore magnetic perform-
ance to uniformly high levels.

Exceptional uniformity from core to core and lot to lot
is further assured with Super Squaremu ‘79", a new
high-performance alloy we’ve developed. It has outstand-
ing magnetic qualities and is remarkably uniform in
squareness, thermal stability and gain. Super Squaremu
““79” offers an effective solution to problems of variation
in magnetic performance.

WRITE FOR BULLETIN C-3

Crystaligned
Microsilg

SIZE MATERIAL | THiCKNESS |
1 HIGH NICKEL |
Hymu 80 001"+
Squaremu 79
Super Squaremu 79
THRU LOW NICKEL
Squaremu 49 THRU
Carpenter 49
225 GRAIN-ORIENTED SILICON
L .004* ]
1

*Special sizes, shapes and hicknesses quoted on request.

Visit our booth—No. 1432—at the IRE Show;
March 21-24, The Coliseum, New York City.

MAGNETIC METALS COMPANY
Hayes Avenue at 21st Street, Camden 1, N.J.

transformer laminations * motor laminations * tape-wound cores
powdered molybdenum permalloy cores + eleciromagnetic shields
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another Mallory “first”

i in miniaturization

ACTUAL SIZE Only l4-inch in diameter, the new Mallory carbon control is the
world’s smallest conventional-type control for commercial appli-
cations. It takes less cabinet space, less panel space, weighs but a
fraction as much as the conventional 1¥4" controls. It’s especially
adaptable to miniature, table and clock radios; portable dictating
equipment; portable television receivers; test instruments; and
hi-fi amplifiers and pre-amps for small eabinets.

The tiny half-inch control retains the quality features that have
gained the larger Mallory controls their reputation for outstanding
performance: the same high-density, mirror-surface element for
long, quiet service; the same ring-type, snap-action switch—simple
in design and operation, with high, constant contact pressure,
positive contact alignment and continually changing “floating”
contact surface.

Available with or without rotary switch, nylon or steel shaft.
Rotation: 290° without switeh, 320° with switch. Linear taper:
100 ohms to 10 megohms; audio taper: 500 ohms to 5 megohms.
Can be applied with element having low end resistance, for use in
transistor circuits.

For further information, write to J. R. Woods, Dept. H, Mallory
Controls Company, Frankfort, Indiana.

Mallory Controls Company, Frankfort, Indiana

a division of

P.R.MALLORY & CO.Inc.

ACTUAL SIZE

[See the new Mallory half-inch control at Booth 1410 IRE Show
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FINANCIAL ROUNDUP

Earnings Rise to New Levels

PROFITS AND EARNINGS reports show
a continued brisk pace as 1960
moves to the end of its first quarter.
Here are some examples:

o Litton Industries, Beverly Hills,
Calif., reports six-month sales of
$77,400,000, for the period ended
Jan. 31, this year. This is a 36-
percent increase over the same
period a year ago. Before-tax earn-
ings for this year’s period totaled
$6,020,000, with net earnings after
provision for federal and foreign
taxes coming to $3,248,000, a 40-
percent rise over the like period a
year ago. In part, the rise was at-
tributed to the purchase of rights
to the Griffith Teleprinter line, the
Sweda line of cash registers and
point-of-sale recording equipment,
and by the introduction of the
Printapix direct writing cathode
ray tube.

e Amphenol-Borg Electronics
Corp., Broadview, Ill., announces
net sales of $56,541,533 for 1959
in its report presented recently to
stockholders. An increase of 21.6
percent is reported over 1958,
which saw net sales of $46,430,851.
On the basis of 1,172,044 shares
now outstanding, 1959 earnings
per share were $2.50, compared
with $1.96 in the preceding year.
Net income for the 1959 period was
$2,926,605, a rise of 28.4 percent
over the net income of $2,279,434
in 1958. The 1959 profit was the
second largest in company history,
the largest being 1957’s.

e Hewlett-Packard, Palo Alto,
Calif., reports net earnings of
$1,145,621 for the first quarter of
the company’s 1960 fiscal year.
The quarter ended Jan. 31, 1960.
Earnings for the period rose 77.8
percent over the $644,360 figure
for the same period a year ago.
Per-share earnings during the
1960 first quarter were 36 cents,
compared with 20 cents in the 1959
first quarter.

e The Gabriel Company, Cleve-
land, announces combined sales in

ELECTRONICS - MARCH 4, 1960

1959 of $28,836,253, compared with
$22,825,684 in 1958, Total net earn-
ings amounted to $532,906, equiv-
alent to 77 cents a share as com-
pared with $545,066, or 80 cents
a share, a year ago. J. H. Briggs,
president of Gabriel, points out
that although net earnings dipped,
operating income rose 21 percent.

e American Telephone and Tele-
graph announces earnings of more
than $1 billion in 1959 for the first
time in company history. Bell Sys-
tem earnings rose to $1,148,769,000
last year, as compared with $981,-
463,000 in 1958. This is equal to
$5.22 a share, compared to $4.67
in 1958. This record makes AT&T
the second U.S. company {o reach
the billion-dollar profit mark. The
first was General Motors, which
earned $1,189,477,000 in 1955. An-
other new record mentioned in the
AT&T report cites a gain of 3,298,-
000 telephones during 1959, bring-
ing to nearly 58 million the number
of Bell-operated telephones, more
than 80 percent of the national
total.

25 MOST ACTIVE STOCKS

WEEK ENDING FEBRUARY 19
SHARES
(IN 100's) HIGH

LOW CLOSE
RCA 937 643 61 6412
Beckman Inst 859 5% 67 T2
Univ Contrels 848 151, 13% 154,
Gen Electric 830 903 8512 893
Dynamics Corp Amer 824 127 107 12%
*Int’l Tel & Tel 800 35% 32 35
Westinghouse 7 5002 4512 5042
Avco 730 133 1215 13%
Sperry Rand 694 23 22V, 23%
Varian Assoc 608 473% 427k 47
Collins Radio 577 S56% 48 56
Philco Corp 531 30% 26%% 3038
Gen Tel & Elep 529 Ma 75 n
Ampex 444 6% 3233 3%
Litton Ind 412 65  59% 6412
Reeves Snderit 393 10% 9 10%
Raytheon 387 ATV 45V 45
Zenith 378 992 892 9912
Texas Inst 359  174% 162 1742
Lear Inc 340 173% 154% 173
Int'l Resistance 3w 23% 21Ys 23%
Waltham Precision 507 3Yg 2% 3
Gen Dynamics 303 48%  45% 48y
Loral Electrncs 296 45'e 3Bl 42
Int’l Bus Mach 285 A24%5 A6 42242

The above figures represenc sales of eleceroni

nic
stocks on the New York and American S(old:
Exchanges, Listings are prepared exclusively for
ELEcTRONICS by Ira Haupt & Co., investment
bankers,

|—

"IN LESS THAN )
4 SECONDS

—Ers—

WITH THE REVOLUTIONARY

PRODUCTION AID TOOL!

“PIG-TAILOR™®

Foot operated
No accessories

3 minute set up 3125-00

‘‘PIG-TAILORING"’

a revolutionary new mechanical process for
higher production at lower costs. Fastest
PREPARATION and ASSEMBLY of Resistors,
Capacitors, Diodes and all other axial lead
components for TERMINAL BOARDS, PRINTED
CIRCUITS and MINIATURIZED ASSEMBLIES.

PIG-TAILORING eliminates: « Diagonal cutters
« Long nose pliers « Operator judgment « 90%
perat i time « Brok p 1]
Broken leads « Short circuits from clippings «
6S% chassis handling » Excessive lead taviness
« Hophazard assembly methods.

PIG-TAILORING provides: « Uniform component
position « Uniform marking exposure « Minia-
turization spacing control + ‘'S’ leads for termi-
nals « *U" leads for printed circuits - Individual
cut and bend lengths « Better time/rate analysis
+ Closer cost conirol « Invaluable labor saving
+ Immediate cost recovery.

Pays for itself in 2 weeks

“SPIN-PIN''®
Close-up views of
“SPIN-PIN” illustrate
fast assembly of
tailored-lead wire to
terminal.

* No Training

* No Pliers

* No Clippings

* Uniform Crimps
* 22 Sizes

PAYS FOR ITSELF
THE FIRST DAYI

 $5%...

Write for illustrated book to Dept. E-3

BRUNO-NEW YORK INDUSTRIES CORP.

DESIGNERS & MANUFACTURERS OF ELECTRONIC EQUIPMENT
460 WEST 34th STREET NEW YORK 1, N. Y.
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When it comes to SEMICONDUCTORS,

For the most complete line of semiconductors...

® Westinghouse has perfected the widest selection of rectifiers,
transistors, and special semiconductor devices available in the
industry. In Silicon power rectifiers, Westinghouse is the
acknowledged leader in the field.

For the most dependahle semiconductor devices. ..

® Every Westinghouse semiconductor device has been carefully
designed, manufactured, and thoroughly tested to assure long life, high
reliability, and excellent stability.

For true voltage ratings in silicon power transistors. ..

@® Only Westinghouse 2N1015 and 2N1016 silicon power transistors offer

true voltage ratings, guaranteed by 1009, power testing—means they may be operated
continuously at the Vcg listed provided the power dissipation of the transistor is

not exceeded. Other conventional power transistors derate the Vcg voltage

under comparable conditions.

For new and unusual ideas in semiconductors...

® Westinghouse is constantly pioneering in exciting new

semiconductor devices. Among the latest: a new 50 ampere “TRINISTOR”’*
controlled rectifier; new thermoelectric cooling devices; an extremely

rapid and sensitive infrared detector.

For quality, reliability, performance, and availability. ..

See Westinghouse Semiconductors @® Come to Westinghouse! For more
at the IRE Show information call your Westinghouse representative,
March 21 to 24, or write directly to Westinghouse Electric
Booth 1408 Corp., Semiconductor Department, Youngwood, Pa.

You cAN BE SURE...iF ITs ""CStin hOllSC

*Westinghouse Trademark Westinghouse Semiconductor Department, Youngwood. Pa.
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Max. One
Max. DC Current Max. Rev. Peak
SILICON RECTIFIERS P.LV. atT°c cPE Surge | Gurrent@ Max.
Resistive Load Full Load Temp. & P.LV.
LOW _m»  1N1217 SERIES | 50-1000V. | 500 MA @ 110°C. AMB. 15 AMPS, M 50°C.
[l = 1.5 MA@ 150°C.
RECT. ’ “* 1N1227 SERIES | 50-1000 V. 1.6 A @ 140°C. CASE 15 AMPS. JUNCTION
. 1N1341 SERIES | 50-600V. 6 A ® 150°C. CASE 170 AMPS,
;‘53:_:‘:“ . " 1N1199 SERIES | 50-600 V. 12 A @ 150°C. CASE 220 AMPS, 10 MA @ 190°C.
RECT. W‘ . 1N1191 SERIES | 50-600 V. 18 A @ 140°C. CASE 220 AMPS. JUNCTION
1N1183 SERIES | 50-600 V. 35 A @ 140°C. CASE 220 AMPS.
1N1396 SERIES | 50-500 V. 70 A @ 150°C. CASE 1200 AMPS. 30 MA @ 190°C.
HIGH #% _ 1N1660 SERIES | 50-500V. 160 A @ 125°C. CASE 2000 AMPS. 40 MA @ 190°C.
POWER [ T—"tl e JUNCTION
RECT. . 1N1670SERIES | 50-500V. 240 A @ 125°C. CASE 3000 AMPS. 50 MA . 190°C.
439 SERIES | 50-600 V. 240 A @ 125°C. CASE 3000 AMPS.

'
Class Typical Operation Maximum Ratings
GERMANIUM TRANSISTORS 7 t [ vee | ©c | Pc [ T
pa hee mc/s v ma mw °c
AUDIO-PNP 10 100 1.2 20 200 180 85
. ——= fiw 2N60 AUDIO-PNP 10 70 1.1 20 200 180 85
f : E 2N403 AUDIO-PNP 10 33 0.85 20 200 180 85
is 2N614 | IF -PNP 3 5 | 3 20 | 150 | 125 | 85
. J 2N616 IF -PNP 3 20 9 20 150 125 85
2N617 IF -PNP 3 14 7 20 150 125 85
T Type  he f Vcex Ic Ts
P o aine Volts Amps °c
N1015 SERIES—2 AMP. NPN 10 ch:2=:)V ALPHAa%L(;TOFF 30-200 7.5a 150
e c= .
2N1016 SERIES—5 AMP, : “ ﬁ | NPN l 10(vc=?2)v ALPHA CUTOFF I 30-200 | 7.5a | 150
c— B
Reverse
Brv?l:‘:;’:' ?Ilolcékinz T%:n-on Tt_lrfil'l-off
A oltage me me
@125°C T, A S
TYPICAL

RECTIFIER
ASSEMBLIES

THERMOELECTRIC
COOLING DEVICES

TYPE 812 INFRARED DETECTORS

The types listed are just a small sampling of the comeleQe line which can be supplied in volume quantities for prompt deliveries.

ELECTRONICS « MARCH 4, 1960

Noise Equivalent
Power (NEP) Watts

TYPICAL LIMIT
5x10~11 10-~t0 MAX,

50.400 VOLTS [ 50-400 VOLTS

Wave-length

Response, Microns

1-12

TYPICAL

1.0 4 SEC. | 15-20 4 SEC,

Standard rectifier assemblies are available in all Eiypes of circuit
configurations, and are designed for either forced ai
convection cooling with a wide range of ratin
copper plates and other materials used in t
have been chosen to insure satisfactory performance in corro-
sive atmospheres and high ambient temperatures.

airor natural
ﬁs' Nickel-plated
ese assemblies

Two types are available in commercial quantities: WX814
(2.5 0z.) and WX816 (3.0 oz.). Both types measure about an
inch and a half square and will find immediate application in
- cooling germanium transistors, infrared detectors, optical sys-
tems, mechanical and electric instruments, laboratory and
portable medical equipment, and related fields where spot
cooling below ambient is necessary.

Time Constant,

» SEC.

0.1 0.2 MAX.

CIRCLE 21 ON READER SERVICE CARD
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SQUARE-LOOP
TAPE CORES
TO MEET YOUR
TOUGHEST
SPECIFICATIONS

Speed your specs to Dynacor
when you want square-loop tape
cores 1o exact requirements—fast!
Here you’ll find a dependable
combination of personnel, expe-
ricnce and facilities—the know-
how to deliver parameters to
your very tightest tolerance re-
quirements for switching time,
flux, and noise.

Dynacor Square-Loop Tape
Cores are manufactured with the
high permeability alloys—Grain-
Oriented 50-50 Nickel Iron, 4-79
Molybdenum Permalloy, and
Grain-Oriented 3% Silicon Iron

. with fully guaranteed uni-
formity . . . under rigid standards
of control and inspection.

Look to Dynacor for rcliable
production and swift delivery of
your tape core requirements. For
your convenience a full line of
standard units are stocked for im-
mediate off-the-shelf delivery—
Send for bulletins DN 2000, DN
2001, DN 2002.

N,
ACon F o incos

DYNACOR/S"

DYNACOR, INC.
A SUBSIDIARY OF SPRAGUE ELECTRIC 0.

1006 WESTMORE AVENUE « ROCKVILLE, MARYLAND
CIRCLE 34 ON READER SERVICE CARD
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MARKET RESEARCH

New Tube Shipment Figures

PRELIMINARY summary statistics
from the 1958 Census of Manufac-
tures, recently issued by the Census
Bureau, show value of electronic
tube shipments increased 145 per-
cent between 1954 and 1958—from
$451 million to $1.1 billion.

Census is not yet able to deter-
mine the value of shipments for the
radio and related products group,
which includes the bulk of electron-
ics industry products. It hopes to
unscramble the statistics within the
next few months.

However, the agency reports that
value added by manufacture for
this group was $2.66 billion in 1958,
a 28-percent increase over the $2.08
billion reported for 1954. (Value
added is equivalent to shipment
value less components, materials,
supplies and contract work.)

Soon-to-be issued reports from
the 1958 Census on individual prod-
ucts will contain considerable data
of use to electronics industry mar-
ket planners. Order forms which
list reports available may be ob-
tained from Commerce Department
field offices and from Bureau of the
Census in Washington, D. C.

* Semiconductor high-power field
may grow to major dimensions,
said Dr. Guy Suits, GE vice presi-
dent and director of research, at the
1960 Solid-State Circuits Confer-
ence. Two very important power
capabilities have recently come into
practical use—silicon power recti-
filers and silicon controlled power
rectifiers. They are adding new
dimensions to industrial power tech-
nology, he claims. A sizeable mar-
ket for semiconductor thermojunc-
tions for power generation and for
refrigeration is more distant, he
says, but shows significant promise,

¢ Electronic Industries Associa-
tion reports 1959 production and
sales totals on tv and radio sets,
phonographs, picture tubes and re-
ceiving tubes. Gains over 1958 lev-
els were registered by all product
groups except monaural phonos. Tv
sets, total radio, auto radio and
stereo phonos made the biggest
gains, all over 20 percent.

Figures issued by EIA for 1959
and 1958, with percentage gains for
last year, are shown below:

1958 1959 Y Gain
(in millions)

Tv Sets
Units produced 4.9 6.3 29.0
Retail unit sales 5.1 5.7 11.8
Total Radios
Units produced 12.6 15.7 24.5
Auto Radios
Units produced 3.7 5.5 49.5
Home Radios
Units produced 8.9 10.1 141
Retail unit sales 8.63 8.90 3.0
Monaural Phonos
Factory unit

sales 2.9 1.3 —558
Retail unit sales N.A. .7 ...,
Stereo Phonos
Factory unit

sales 1.1 3.0 1748
Retail unit sales N.A. 27 ...
Tv Picture Tubes
Units produced 83 9.5 154
Production

value $163.5 $183.8 12.4
Receiving Tubes
Units produced 3974 432.9 9.0
Production

value $341.9 $368.9 7.9

N.A.—Not Available

LATEST MONTHLY SALES TOTALS

{Source: EIA)
(Add 000)
Dec. Nov, Change From
1959 1959 One Year Ago
Rec. Tubes, Value $32,401 $31,600 429.0%
Rec. Tubes, Units 37,248 37,211 430.7%
Pic. Tubes, Value $15,941  $16,059 +26.1%
Pic. Tubes, Units 817 841 +259%
Transistors, Value $22,820 $22,743 +37.5%
Transistors, Units 7,826 7,847 +391%

Thousands
of Units

FIGURES OF THE WEEK

130

1960 —
Source: EIA
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Ever see a o 6 push-button variable chart speeds
e Transistor speed switching; no gears
N Ew STRI P-c HART RECO RDER e 0.05% full scale sensitivity
that Offered you a" this . e 0.2% resolution and accuracy
o Local or remote chart or pen control
e Continuous span voltage, 5 mvto 100 v

LAYV B XX YR Y VIR

The all-new Moseley Model 80A Strip-Chart Recorder
is a precision instrument providing greater versatility
and convenience than any commercial strip-chart re-
corder previously available.

Model 80A gives you instant selection — through
transistor switching — of 6 chart speeds. All other
function controls are grouped in a newly convenient
array on one front panel. The input range of 5 mv to
100 v is covered in 10 steps, or by vernier for com-
pletely continuous span voltage control. Input resist-
ance is 200,000 ohms/v through 10 v, 2 megohms on
higher ranges. Full range zero set, pen speeds to 0.25
sec full scale, chopper amplifier, standard 120’ rolls. selected instantly by front panel push buttons.
For 19” relay rack. $1,750.00. -

NEW! TYPE F-2 LONG-STRIP CURVE FOLLOWER

New-concept curve follower tracks, converts ordinary re-
corded trace to electrical energy; requires no metallic
inks or re-drawing. Employs unique photoelectric-oscil-
lating mirror principle; permits digital output for tapes,
cards, etc.

Glass door protects chart; ball-bearing carriage
rolls out for easy chart or circuit access

L

SEE YOUR MOSELEY REPRESENTATIVE OR WRITE
DIRECT FOR DETAILS

Pioneer and leader in X-Y and Strip-Chart Recorders

F.L. MOSELEY CO.
Dept. A-3, 409 N. Fair Oaks Ave., Pasadena, California
AlUTOGRAF MUrray 1-0208 TWX PASA CAL 7687

Field representatives in all principal areas

T
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NowlONE
Oscilloscope Camera
answers your

Polaroid® Prints or Slide Transparencies in Minutes

NEW Beattie ‘Menocte Ao Oscillotron’

Whatever your requirements in oscilloscope photography, the versatile
new Beattie “Minute Man” Oscillotron can do the job superbly well. An
entirely new concept in simplified design, it is a light, compact, precision
instrument built for rigorous duty.
Equipped with large Polaroid® Land back for 60 sec. prints or slide trans-
parencies. Object to image ratio - 1 to 0.9. Records up to 9 traces on a
single frame,
75mm /2.8 Wollensak lens in Alphax #2 shutter. Precise, split-second
focusing. Modular design permits instant conversion for a wide range of
instrumentation photography. A truly fine camera at a remarkably low
price. Write for complete information,

MAXIMUM VERSATILITY WITH THESE ACCESSORIES:

® Binocular viewing hood e 75mm /1.9 lens * 35mm camera

e Data card to record in frame ~ (Standard or flat-field) o 35,m pulse or

e Data chamber with watch, * Positive electric remote  continuous
platen, and counter shutter control motion magazines

%Trade Mark

9000000000000000000000000000000usveadaetietsdsrtedotocssscetin

=3I BEATTIE-
(@4 COLEMAN

90 eUe00U0000040000000000U0t0r0sesTsedinase LTLTYTLY P PY TPYT Y

Ty e
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Swing out, lift off camera for
easy accessibility. Direct-view
hood is one of many accessories,

$ BASIC CAMERA
AS SHOWN
Only IN TOP PHOTO

“Polaroid” ® by Polaroid Corp.

1000 North Olive Street, Anaheim, California
Branch: 437 Fifth Avenue, New York, N. Y.

See us in Space 3823 at the I.R.E. Show
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The Offner Type EAII Transistor Dynograph

provides
greatest
versatility

-
i
RP TWO CHANNEL -
Compact, economical, con- !
venient where only one or
two channels are desired. } oa
.

BMM/B CONSOLE

Features horizontal paper
travel. Availableas Type Ror RC.

R SIXTEEN CHANNEL
Assemblies with 16 channels.
24 inch paper permits up to 24
channels on one inch centers.

See it at the IRE RC DESK-TYPE CONSOLE
Medium gain assembly for
- ‘\ computer write-out, telemeter-
\ ing, applications with input
n ) signal above 10 millivolts.
O
— VERSATILITY of assemblies—select the mounting best suited for your use,

VERSATILITY of application—one set of amplifiers covers all uses, micro-
|- X volt to volts dec or ac, strain gages, reluctance gages, etc.
/‘

‘ VERSATILITY of writing media—use ink, heat, electric interchangeably
p— on one assembly—select the one most suited for the application.

Write on your company letterhead

for Bulletin 891, a 20 page, 2 color

brochure giving you complete spec-
ifications, application data, etc. high speed direct writing oscillograph.

The Offner Type R Dynograph Assembly is unmatched for sensitivity,
accuracy, versatility—we invite you to compare it with any other

OFFNER ELECTRONICS INC.
3900 River Road, Schiller Park, Hllinois (Suburb of Chicago)



N
e

RN Vg
bl

<

WASHINGTON—The great na-
tional debate over military policy,
though limited to the political
arena, has important overtones for
the electronics industry.

As a $6-billion-a-year supplier to
the Pentagon, the industry holds a
key position in arms production.
And as the transition from conven-
tional weapons to space age arma-
ment systems speeds up, the elec-
tronics role in weaponry grows ever
more dominant.

Every twist and turn in the de-
fense debate, therefore, could be
translated into terms of new orders
—or, conversely, cuts —for elec-
tronics producers.

The Eisenhower Administration
argues that the U.S. defense pos-
ture is adequate. The critics—Con-
gressional Democrats, military pro-
fessionals, and other experts—say.
no, that the U. S. is losing military
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supremacy to Russia.

Critics base their argument on
the so-called “missile gap,” a period
during the next few years when the
Russians will have so many more
ICBMs that they could theoretically
wipe out, instantaneously, most if
not all sources of U.S. retaliatory
striking power—missile and bomber
bases here and abroad.

The administration concedes
there will be a missile gap over the
next three years at least.

As schedules now shape up for
production of “first-generation” At-
las and Titan liquid-fueled ICBMs,
the U. S. will have some 60 in mid-
1961, compared to roughly 150 for
the Soviet Union; about 180 in mid-
1962 compared to 350-400 for Rus-
sia; and 200-250 in mid-1963, com-
pared to 400-500 for Russia.

In 1964, all the 27 scheduled Atlas
and Titan squadrons will be opera-

3iant antenna reflector built by D. . Kennedy is part of
5E’s surveillance radar system watching Arctic skies from
IMEWS sites in Greenland and Alaska

Debate:
Defense

Orders ..
Or Cuts?

Here’s where the military con-
troversy stands this week —
and what it means to us

tionally deployed — comprising an
arsenal of 270 missiles. By this
time, the Russians are expected to
have at least double that number of
ICBMs.

The Administration’s policy is to
offset the Soviet quantitative mis-
sile lead with a diversified U.S.
arsenal of nuclear strike forces.
This is centered on manned bomber
forces.

We have some 500 B-52 long-
range jet bombers (almost 200 more
will be built) and about 1,200 B-47
medium-range planes.

Against this air armada the So-
viets can probably stack up no more
than 250 intercontinental bombers
and not many more than 500 me-
dium-range jets.

We also have roughly 600 Navy
attack planes on carriers prowling
the seas within range of Soviet tar-
geps and at least 700 Air Force light

MARCH 4, 1960 - ELECTRONICS



bombers or fighter-bombers poised
close to the Iron Curtain.

The Pentagon’s objective is to
lengthen the operational life of
manned bombers with stand-off air-
to-ground missiles—first the jet-
powered Hound Dog, later the Sky
Bolt ballistic rocket.

Other key elements of the U.S.
deterrent:

105 Thor and Jupiter IRBMs
already operational or to be de-
ployed shortly in Great Britain,
Italy and Turkey.

e The Polaris missile-submarine
fleet—to grow from two operational
vessels later this year to 15 within
the next four years and eventually
(the Navy hopes) to 45 vessels.

No possible Soviet surprise at-
tack, say administration leaders,
could wipe out this tremendous re-
taliatory force in one blow. An
attack on us would mean nuclear
devastation of Russia.

The U.S. deterrent will become
bolstered in 1963 when the first
solid-fueled Minuteman ICBMs
reach the operation stage. These
missiles will be set up in under-
ground launchers and on mobile rail
cars to make them less vulnerable
to attack.

There’s another element in the
Administration’s calm acceptance
of quantitative ICBM inferiority:
Our strategy is geared to deterrence
through the threat of retaliation.
The Russians need greater numbers
of missiles to clobber most if not

i | e |o330ee
Nine-foot Klystron tubes (made by Eitel-

McCullough and Varian) are wused in
BMEWS surveillance radar system

ELECTRONICS - MARCH 4, 1960

from enemy missiles

all our warmaking facilities to de-
stroy or at least soften our retalia-
tory capability.

U.S. deterrence can be main-
tained, Administration spokesmen
will tell you, with smaller numbers
of nuclear weapons—just enough to
retaliate primarily against Russian
centers of populations, not neces-
sarily against the growing number
of Soviet missile bases, submarine
pens, and other strategic sites.

Critics see two glaring deficien-
cies in this confident appraisal.

First, they believe the Russians
could conceivably wipe out instan-
taneously the bulk of our retalia-
tory power. Gen. Thomas Power,
Strategic Air commander, warns
that 150 Russian ICBMs and 150
IRBMs could knock out in one blow
the 100 or so fixed U. S. bases here
and abroad from which we can
launch nuclear retaliation.

Critics believe Russia might be
tempted to grimly accept a limited
retaliatory blow from surviving
U. S. striking forces in return for
total devastation of the continental
U.S.

A second factor which disturbs
critics is this: That while the Ad-
ministration lays great stress on
reliance on manned bombers, it has
virtually gutted development of the
B-70 successor to the B-52, trimmed
output of the B-58 successor to the
B-47, and dragged its feet on the
question of a continuous airborne
bomber alert.

Many experts—such as Gen.
Power—see the bomber alert (some
100 aircraft always aloft) as one

BMEWS computer complex (Sylvania) analyzes radar echoes to separate random noise

of the most effective means of in-
suring invulnerability of our re-
taliatory strength.

The key to the U.S. deterrent is
warning — U.S. nuclear strike
forces must be assured of adequate
alert time to launch a retaliatory
blow. Critics argue that insufficient
funds are earmarked for develop-
ment and production of warning
systems.

Many critics are also dissatisfied
with U. S. efforts on the active de-
fense side—the development of an
anti-ICBM system. The controversy
rages, notably, over whether or not
the Army’s Nike-Zeus is a suitable
enough system to justify produc-
tion. The verdict seems to be no.

There is great disagreement over
the Administration’s sense of ur-
gency in the race for space. Indeed,
the president refuses to accept the
concept of a “race”. He has meticu-
lously separated astronautic proj-
ects into neatly classified military
and civilian types and has clamped
severe monetary controls over both.

Critics—and these include top
officials within the Administration
—are infuriated over the presi-
dent’s approach.

There is serious disagreement
over the Eisenhower Administra-
tion’s emphasis on budgetary con-
siderations in the formulation of
defense policy.

Critics keep ticking off what they
see as gaps in the defense program:
not enough ICBM production and
development, not enough Polaris
missile subs, ete.

The debate continues.
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PUTTING MAGNETICS TO WORK

Smaller filters ease the squeeze!

Filter designers! First 160-mu moly-permalloy
powder cores pack high performance into smaller space

Filter and inductor designers specify our 160-mu moly-
permalloy powder cores for low frequency applications.
Where space is precious, such as in carrier equipment
and telemetering filters, the high permeability of these
160-mu cores cases the squceeze,

In many cases, 160-mu cores offer designers the choice of
a smaller core. In others, because inductance is 28 per-
cent higher than that of 125-mu cores, at least 10 percent
fewer turns are needed to yield a given inductance.

If Q is the major factor, 160-mu cores permit the use of
heavier wire with a resultant decrease in d-c resistancg.

28 CIRCLE 28 ON READER SERVICE CARD

Like all of our moly-permalloy powder cores, the 160’s
come with a guaranteed inductance. We can ship eight
sizes from stock, with a choice of three finishes—stand-
ard enamel, guaranteed 1,000-volt breakdown finish, or
high temperature finish. Further information awaits
your inquiry. Magnetics Inc., Dept. E-78, Butler, Pa.

MARGNETICS inc.
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. 73_ ;‘ Consistently Dependable Capacitors

Subminiature Solitan capacitors — truly dry, solid-
state electrolytic capacitors by Cornell-Dubilier — are
specifically designed for transistorized applications in
computer and military circuits. Immediately available in
production quantities, Solitan capacitors offer these out-
standing advantages: wide useful temperature charac-
teristics; remarkable stability of capacitance with time
and temperature; freedom from corrosion and service
aging; unusual resistance to shock and vibration; in-
definite shelf life; low dc leakage; low dissipation factor.
For engineering assistance and complete data on C-D

OLITAN®

Cornell-Dubilier's
truly

dry

tantalum
capacitors

for

transistorized
circuits

Solitan tantalum capacitors, write for Bulletin 537
to Cornell-Dubilier Electric Corporation, South Plain-
field, New Jersey. Manufacturers of consistently depend-
able capacitors, filters and networks for electronics, ther-
monucleonics, broadcasting and utility use for 50 years.

e Ratings up to 6.0 mfd. at 35 voits DC Working, or 60.0 mfd.
at 6 volts. « Wider useful temperature characteristics within
range of —80°C to +85°C. ¢ Freedom from corrosion and
leakage. ¢ Extremely small size. ¢ Remarkable stability of
capacitance with time and temperature. ¢ Metal cased,
hermetically sealed.

CORNELL-DUBILIER ELECTRIC CORPORATION

AFFILIATED WITH

ELECTRONICS - MARCH 4, 1960

FEDERAL

PACIFIC ELECTRIC COMPANY
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Oécilloscopes Go Digital

Direct readout of amplitude and duration of pulse signals reduces

operator errors, cuts measurement time

RECENTLY INTRODUCED oscilloscope
now makes possible direct digital
readout of amplitude and duration
factors.

Interpretation of scope presenta-
tions has been an engineering time-
stealer since the cathode-ray oscil-
loscope was invented. Increasing
use of test instruments by less
skilled operators has put pressure
on cro designers to make readout
foolproof. DuMont’s type 425 oscil-
loscope (ELECTRONICS, p 11, Feb.
5) presents amplitude and duration
data in digital form, reducing both
data-taking time and the chance for
error.

The DuMont development, and re-
lated work in other laboratories, fits
into the general trend toward digi-
tal test equipment.

Reduction of errors arising from
interpolation—or interpretation—
is the principal advantage of digi-
tal presentation. It also eliminates
the parallax problem, improving the
accuracy and the repeatability of
readings.

Operation

Two dots which appear on the
scope with the signal to be tested

are positioned over the signal to de-
rive measurements (see 1-col
photo). A joystick-type positioning
control is used to move both dots
until the index dot (at left in the
picture) is positioned over the de-
sired reference point on the signal.

Then two sets of three 10-position
thumbswitches, one for controlling
vertical movement and one for hori-
zontal, are used to place the right-
hand scaling dot at the other meas-
urement point. Vertical displace-
ment between index and scaling dots
is read out as amplitude in milli-
volts or volts; horizontal displace-
ment is interpreted as duration in
microseconds, milliseconds or
seconds.

Each decimal place of the three-
place readout is controlled by one
thumbswitch control. Each thumb-
switch operates a precision-resistor
decade in a passive attenuator cir-
cuit. Manipulating the controls
turns associated digit-wheel dis-
plays, which provide the digital
data. The waveform undergoing
measurement can be moved by
means of another joystick-type con-
trol.

After original setup by an engi-

At Essex Electronics, Berkeley Heights, N. J,, production-checking of delay time, rise time
and ottenuation of distributed-constant delay lines is speeded
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neer, semiskilled production work-
ers can operate the scope, since they
need to perform only simple manip-
ulations of relatively few controls,
and to take readings directly from
digital dials.

Dot Circuits

The two dots are positioned by
square waves which are time-shared
into the X and Y axes alternately
between sweeps. Blanking circuits
are used to eliminate rise and fall
transients.

Heart of the circuit is a stable
d-c supply whose output is chopped
into square waves of 383 cps and
modulated 30 cps by a multivi-
brator. Top of the square wave is
held within 0.1-percent tilt. The re-
sult is two stable square waves, 110
v in amplitude and of opposite
phase, one for horizontal position,
the other for vertical.

The two square waves are then
attenuated under the control of the
thumbswitches. The passive attenu-
ator is designed to present a con-
stant impedance to the source. From
the attenuator, the two signals go
to the X and Y amplifiers. Accuracy
of dot positioning depends only on
the stability of the d-c supply.

The deflection potential which
provides the baseline from which
the square-wave signals operate is
controlled by the indexing joystick-
type control. This control consists
of a ball-joint mounted rod which
makes contact with forked arms
connected to two potentiometers.
The potentiometers adjust the base-
line deflection potential; thus,
vertical or horizontal movement of
the joystick causes vertical or hori-
zontal movement of both dots, and
intercoordinate movement of the
joystick produces corresponding dot
movement.

Rise and Fall Times

A further sophistication permits
the automatic measurement of rise
and fall times. A pushbutton on the
panel face inserts a resistor in
series with the thumbswitch cir-
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cuit which results in a 20-percent
reduction in peak-to-peak amplitude
of the vertical square wave. This
reduced signal is fed through a
cathode follower to a peak detector,
which produces a signal propor-
tional to the square-wave peak
value,

The original vertical square-wave
from the attenuator, and the signal
proportional to the peak value of
the reduced square-wave, are ap-
plied to a Y amplifier with a double-
ended input and added together.
The resulting deflection signal posi-
tions the dots precisely 10 percent
below and above the maximum and
minimum points of the trace. The
pattern-control joystick is used te
position the rise- or fall-time line
over the index dot ; then the thumb-
switches are adjusted to position
the scaling dot over the line and

Index dot, left, and scaling dot, right,
when positioned on waveform, measure
voltage amplitude, signal duration

the time is read out directly to
three-place accuracy.

New Cathode-Ray Tube

DulMont’s electron-tube division
produced a new type of crt for the
scope. The tube presents a 5 x 10
cm display ; because of higher-than-
usual phosphor sensitivity, a 12,000-
v acceleration potential permits film
oscillographs equivalent to those
which are obtained with 24,000-v
svstems.

Modular units used in manufac-
turing the 425 can be interchanged
with corresponding modules on
other scopes of the same type. Two
plug-in cavities permit insertion of
various types of X and Y ecircuits
for multiple functions and increased
versatility.

Electron tubes used throughout
have a mean-time-to-failure rating
of 10,000 hours.

Readout accuracy of the instru-
ment is two percent. Operating
range is from d-c to 60 Me, down 3
db at 35 Me.
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Hermes Solid State

BINARY TO DECIMAL

CONVERTER

for converting any 4 bit code
to decimal illuminated display

& F
Binary to Decimal $
Converter, Model 260,
shown approx. Y5 size

(Nixie Bulb
NO FALSE READOUTS not included)

Relays and tubes eliminated Discounts for

quantity purchases
MAXIMUM RELIABILITY
100% solid state circuitry

LONG USEFUL LIFE
No preventive maintenance required

OPERATIONAL FLEXIBILITY
Variety of four bit codes can be converted

LATCHING CIRCUITS
Provide memory for binary information

Write for Technical Bulletin 260

Hermes

ELECT RONICS . €O

75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASSACHUSETTS
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FOR ENGINEERS *  flexible shafts

More Savings with Ready-to-Attach
S. 3. White Standard Flexible Shafts

NEW, EXTRA-HEAVY-DUTY SHAFT
ADDED TO “"OFF-THE-SHELF” LINE

Here's a time and money saving idea...the
majority of flexible shaft needs can be met
with ready-to-attach S. S. White standard flexi-
ble shafts.

This line has been recently expanded by
the addition of the .500” dia. standard shaft
to handle extra-heavy loads.

Flexible shafts allow you to simplify design
... position controls and driven parts to best
advantage..;eliminate expensive gears, uni-

versals, rods and costly alignment problems.

S. S. White standard flexible shafts are low
in cost and readily available because they are
stock items. They save you engineering time
because the designing has already been done
for you by S. S. White, first name in flexible
shafts. They come complete and ready to
attach directly to your mating spindle.

Another plus! Convenient, low-cost, readily
available, S. S. White standard flexible shafts
are the ideal way to test the advantages of
flexible shafts in your products.

Where to use
S. S. White
Standard
Flexible
Shafts

REMOTE CONTROL of valves, actuators,
switches, indicators and other mechanical or
electrical equipment. S. S. White standard
remote control flexible shafts come in four
different shaft diameters to handle a wide
range of requirements.

POWER DRIVE for an endless variety of appli-
cations . . . portable tools, instrument drives,
machine tools, pumps...anywhere the
designer needs to transmit power around
obstructions or to movable parts, by means of
a single, self-contained, easily applied unit.
Four standard sizes.

1050
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S. S. WHITE INDUSTRIAL DIVISION (Dept. E)
10 East 40th Street, New York 16, N.Y.

CIRCLE 32 ON READER SERVICE CARD

Selection of S. S. White standard flexible
shafts: complete description and application
data available. Write for bulletin 5801.

Selection of specialized flexible shafts to meet

information on how to take advantage of
S. S. White engineering services. Write for
bulletin 5601.

$c00QT2CBBCETON

.
WRITE FOR COMPLETE DATA! \

unusual requirements: useful shaft data and also
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50 Antennas to Track Astronaut

First Project Mercury
antennas slated for

mid-year tests

FIRST ANTENNAS for Project Mer-
cury’s tracking and telemetry sys-
tems are tentatively scheduled for
mid-year delivery and tests at Wal-
lops Island, Va.—well in advance
of the September 1960 to December
1961 target period for launching
the first Mercury man-in-space cap-
sule.

Underwood Corporation’s Canoga
subsidiary, in Van Nuys, Calif,,
reports it has received a $1-million-
plus contract for the design and
manufacture of all ground-based
telemetry, communications and
command control antennas for
Mercury. Canoga expects that most
of its work will be completed by
the end of this year.

At the same time it was reported
that the San Diego facility of
Stromberg-Carlson, the Rochester,
N. Y.-headquartered division of
General Dynamics, will design,
build and install Mercury’s monitor
and control display system at Cape
Canaveral, Fla. S-C is working
under subcontract to Bell Telephone
Laboratories. Western Electric
heads the team responsible for the
global instrumentation and com-
munications network.

How Antennas Work

Some 50 antenna systems are
called for in the program, including
13 automatic tracking quad-helix
antennas to be used for acquisition
aid tracking of vhf telemetry sig-
nals.

Tracking stations will be situated
at Bermuda, Australia, Hawaii,
White Sands, N. M., a West Coast
location, Cape Canaveral and Eglin
AFB, Fla., among others.

Here’s how the antenna systems
will work:

Tracking antennas will feed angle

ELECTRONICS - MARCH 4, 1960

in space

data to slaved radars, communica-
tions and command antennas, and
computers whose function will be to
provide down-range orbital extrap-
olations and predict subsequent
orbits.

Tracking radars and associated
steerable antenna systems along the
astronaut’s expected orbit will be
positioned by means of the com-
puter output until such time as the
acquisition aid antennas are track-
ing. The company says the antennas
will use a phase-comparison simul-
taneous-lobing technique.

When not tracking, the acquisi-
tion aid antennas will be slaved to
tracking radars and used only to
receive telemetry signals.

Scientists at Boulder Laborato-
ries, National Bureau of Standards,
Boulder, Colo., will be responsible
for recommending the most reliable
radio paths to relay vital tracking
data on the capsule back to com-
puters.

Quad-helices will be used for re-
ceiving both voice and telemetry
signals. Another antenna group is
part of the command control and
voice transmitting system; four

1 N . . e \ 5 Sae
t, ’-_A"; w11 e WD e

Quad-helix antennas like this will be used in tracking and communicating with U.5. man
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outboard helices will operate in the
200-300-Mc range for voice trans-
mission and four inboard helices in
the 400-Mc range will be used for
command control transmission.

Control Display System

Flight information from the
tracking and telemetry stations and
computers will be monitored and
displayed in a 40-ft by 60-ft room.
A wall map at one end will show
the astronaut’s orbital flight paths;
it will also indicate the ground sta-
tions and the ranges of their track-
ing radars and communications
with the capsule. A communications
failure at any station will appear
on the display.

Special consoles for the chief
flight surgeon, capsule communi-
cator and others will operate in
front of the wall map, providing
them with the displays and controls
for their assigned tasks. A flight
director at a master console will co-
ordinate all operators, with NASA,
Air Force and Navy officials as ob-
servers. Smaller displays will be
provided for other operational per-
sonnel,
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\HOTTEST SPOT TEMPERATURES

TWO OUTSTANDING
HIGH-TEMPERATURE

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

FOR CONTINUOUS OPERATION AT

For continuous operation at hot-
test spot temperatures up to
200°C (392°F) and up to
250°C(482°F)forshort periods
of time—depend upon TETROC
—an all Teflon-insulated wire
available in both single and
heavy coatings.

CEROC is Sprague’s recom-
mendation for continuous oper-
ation at hottest spot tempera-
tures up to 250°C (482 °F) and
up to 300°C (572°F) for short
periods of time. Ceroc has a
flexible ceramic base insulation
with either single silicone or
single or heavy Teflon overlays.
The cerumic base stops ‘cut-
through’ sometimes found in
windings of all-fluorocarbon
wire, Both Tetroc and Ceroc
magnet wires provide extreme-
ly high space factors.

Write for Engineering Bulle-
tins 405 (TetrocWires)and
400A (Ceroc Wires).

SPRAGUE ELECTRIC COMPANY
35 Marshall Street, North Adams, Mass,

SPRAGUE

MARK OF RELIABILITY
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New Center Tags

USAF-operated facility coordinates space surveil-

lance, catalogs everything in orbit

Worldwide communications net and two computers coordinate Defense Department’s Space-
watch programs

BEDFORD, MASS.—KEEPING TABS
on all the satellites in the sky is the
job of the National Space Surveil-
lance Control Center, which was
dedicated recently at nearby Hans-
com AFB.

The new facility, key coordinat-
ing point for the joint Army-Navy-
Air Force space surveillance pro-
gram, uses two general-purpose
computers and a complex communi-
cations web to support the Defense
Department’s space-watch.

Two days after the dedication,
Washington announced the exist-
ence of a “mystery” satellite that
is orbiting the earth in a polar
orbit. The Center here has been
keeping track of it, but would not
reveal at this time when first it was
picked up.

Speaking at the dedication, Lt.
Gen. Bernard A. Schreiver, chief
of the Air Research & Development
Command, stressed the nation’s
need to know at all times what ob-
jects are in the sky. As satellites
are launched with military value
for surveillance, warning, commu-
nications, navigation and meteqro-
logy, he said, “it will be even more
urgent to know exactly what they
are and where they are.”

Eventually, Schreiver suggested,
the Center here will be tied in with
the operational aspects of satellites
and space vehicles. Automatic input

to the computers from observation
stations will ultimately permit or-
bital computations in real time,
with the further possibility of com-
puting control data for powered
vehicles.

Sole Responsible Agency

The Center will be sole U.S.
agency responsible for keeping
track of artificial orbital bodies— .
including rockets, boosters, and
anything else that goes into orbit—
from the time of launch until decay
or landing. “We never abandon a
satellite,” says an officer of the
Center. “The only way you can tell
when there’s a new one is to keep
track of all the old ones.”

Information comes into the
Center via commercial telegraph
and teletypewriter services, mili-
tary AirComNet, and direct private-
line network to seventeen major
satellite observation points, includ-
ing Cape Canaveral, the Millstone
Hill radar, National Aeronautics &
Space Administration’s space opera-
tions control center in Washington,
and the Smithsonian Astrophysical
Observatory in Cambridge, Mass.

On the first floor of the Center,
an IBM 709 system, aided by a
smaller IBM 610 computer, figures
out orbits, corrects and updates
orbital predictions with new data,
and estimates future satellite posi-
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Satellites

tions and lifetimes.

Twice a month the Center pre-
pares and issues satellite situation
reports which are distributed all
over the world. Bulletins to the
observation stations provide time-
of-passage estimates; for those ob-
servation points using equipment
with limited field of view, the
Center also provides look angles.

The Center and directly affected
stations can set up a conference
hookup during countdown, launch,
postlaunch or decay phases of any
satellite lifetime where necessary.
One near-future addition to the
$500,000 Center, besides the on-line
automatic input equipment, will be
a cryptographic center for the
handling of classified information.

Army Operating
New Relay Link

MID-CONTINENT link in Army’s
worldwide communications network
is now operational at Fort Leaven-
worth, Kansas.

Capable of handling 200,000 mes-
sages a day, the Midwest Relay
Station is the second and largest
built of three scheduled to go into
service in the U.S. Army says.
The first, at Camp Davis, Calif,,
began operation in 1956 and the
third is being completed at Fort
Detrick, Md.

The new $10-million station uses
completely automatic message
switching instead of the manual
tape relay method. This permits
receiving, processing, and retrans-
mitting messages through the sta-
tion without human intervention.

Principal developers and sup-
pliers of communications and elec-
tronic equipment for the station,
according to Army, are Klein-
schmidt div. of Smith-Corona for
teletypewriter equipment, and Au-
tomatic Electric for automatic
switching and routing gear.

The station is operated by the
U. S. Army Communications Agency
and serves as an economical focal
point through which domestic gov-
ernment installations can conduct
routine business. ’
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Miniature
Dual-Dielectric
Capacitors

for 125 C Operation
Without Derating

An improved version of Sprague
Electric’s famous Prokar® line of
molded tubular paper capacitors
has just been announced by the
company as offering circuit design-
ers small capacitors with improved
humidity resistance for 125 C oper-
ation in military, commercial and
industrial electronics.

Key to the improvement is the
use of a new dual-dielectric which
combines the dielectric strength of
the highest grade capacitor tissue
with the ion barrier effect of poly-
ester film, giving these miniature
units high insulation resistance plus
extended life at 125 C. Type 150P
Capacitors, as the new series is
designated, are still impregnated
with the exclusive high temperature
organic material which marked a
milestone in miniature molded ca-
pacitor development when Sprague
first introduced it. The new series
is designed for operation at temper-
atures up to 125 C without voltage
derating.

For complete specifications on
Type 150P Prokar ‘D’ Molded

Capacitors, write for Bulletin 2300 3

to Technical Literature Section,
Sprague Electric Company, 35
Marshall Street, North Adams, Mass.

NEW CUP-TYPE
TANTALEX®
CAPACITORS

give longer life...
better performance

Here's the new Number I performe
er in cup-type tantalum capaci-
tors—Sprague’s improved Liquid-
Electrolyte Sintered-Anode
Tantalex Capacitors. Larger
values of capacitance in smaller
physical sizes, elimination of
fluctuation in capacitance during
operation, and elimination of
"early failures’’ from internal
short-circuiting are just a few of
the improvements.

Rated for -55 to 4 85 C opera-
tion without voltage derating (to
+100 C with 15% derating),
Sprague cup-type capacitors offer
long operating life, long shelf
life, outstanding capacitance sta-
bility, and very low leakage
currents.

Sprague “'cup’’ capacitors are
available in two series: Type
131D for industrial, communica-
tion, and general military equip-
ment; Type 132D for the severe
vibration requirements and close
performance parameters of mili-
tary aircraft and missiles.

For complete technical data,
write for Bulletin 3710A to Tech-
nical Literature Section, Sprague
Electric Company, 35 Marshall
Street, North Adams, Mass.

£ THE MARK OF RELIABILITY

e e o
LR

See Us at the IRE Show— Booths 2416-2424
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Write for complete information on
High Speed Recording Systems

12 CHANNEL
DIRECT INK OR ELECTRIC
RECTILINEAR
RECORDING SYSTEM

MORE DATA
PER DOLLAR

This new Recording System, Model
BSA-1200, combines all the advan-
tages of rectilinear recording with
the economy of ink writing in 3
less space than any comparable sys-
tem. At an average chart speed of
50 mm/sec., for example, you save
$10,000 every 200 hours in chart
costs alone when compared to other
rectilinear recording systems. In ad-
dition, this system is designed to
accept a wide choice of different
interchangeable plug-in preampli-
fiers for each of the 12 recording
channels.

ADDITIONAL FEATURES

High Speed Rectilinear Recording
with Ink. Unique pen design provides
splatterproof writing to 200 cycles.

Wide Frequency Range reproduces
signals from DC to 200 cps on
rectangular coordinate chart paper

Interchangeable Plug-in Preamplifiers
— Low, Medium, High Gain DC, AC,
Chopper, Carrier, and Servo

Automatic one second timer and
manual EVENT MARKER

18 Speeds — Push-button Controls
(Remote control optional)

Individual Power Supplies and
Transistorized Driver Amplifiers for
each channel. Prevents cross-talk
between channels

Pen Motor Overload protection

Interchangeable pens for either Ink
or Electric Writing

Micrometer Pen Motor Adjustments
for accurate pen alignment

Plug-in provisions for remote or
centralized control of all functions

® Modular Design throughout for ease
of servicing

OTHER MASSA PRODUCTS
TRANSDUCERS
Sonar, Ultrasonic
ACCELEROMETERS
MICROPHONES

IRE Show
Booth Nos.
3609 to
36N

A DIVISION OF

HYDROPHONES
AMPLIFIERS

COMPLETE LINE OF MULTI.CHANNEL AND

PORTABLE RECORDING SYSTEMS

ELECTRONICS INC

6 FOTTLER ROAD
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HINGHAM, MASSACHUSETTS

MEETINGS AHEAD

Mar. 8-11: Audio Engineering, West-
ern Conv.,, Audio Eng. Soc., Alex-
andria Hotel, Los Angeles,

Mar. 17-18: Synchro Design and Test-
ing Symposium, Bureau of Naval
Weapons, Dept. of Navy, Dept. of
Commerce Auditorium, Wash., D. C.

Mar. 21-24: Institute of Radio Engi-
neers, International Convention, Col-
iseum & Waldorf-Astoria Hotel,
N. Y. C.

Mar. 24-25: Human Factors in Elec-
tronics, PGHF of IRE, Bell Labs
Auditorium, N. Y. C.

Apr. 3-7: National Assoc. of Broad-
casters, Engineering Conf. Com-
mittee, NAB, Conrad Hilton Hotel,
Chicago.

Apr. 3-8: Nuclear Congress, EJC,
PGNS of IRE, New York Coliseum,
New York City.

Apr. 11-14: Weather Radar Confer-
ence, American Meteorological So-
ciety and Stanford Research Insti-
tute, San Francisco.

Apr. 12-13: Protective Relay Engi-
neers, Annual, A&M College of
Texas, College Station, Texas.

Apr. 12-13: Static Relay Symposium,
USA Signal R&D Lab, Hexagon
Auditorium, Ft. Monmouth, N. J.

Apr. 12-13: FElectronic Data Process-
ing, ARS, Hotel Alms, Cincinnati, O.

Apr. 18-19: Automatic Techniques,
Annual Conf., ASME, IRE, AIEE,
Cleveland-Sheraton Hotel, Cleve-
land.

Apr. 19-21: Active Networks & Feed-
back Systems, International Sym-
posium, Department of Defense Re-
search Agencies, IRE, Engineering
Societies Bldg., N. Y. C.

Aug. 23-26: Western Electronic Show
and Convention, WESCON, Ambas-
sador Hotel & Memorial Sports
Arena, Los Angeles.

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

There’s more news in ON the
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 74.
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Specify the Finest Digital Voltmeter Made

AL DTN e St rTe
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NLS SERIES 20

WHEN THE COMBINATION OF RELIABILITY, SPEED AND ACCURACY is of uncompromising
importance — you can’t afford to gamble on “second best” digital measuring equipment! NLS Series 20
instruments are field-proven in the most critical applications — missile and electronic systems checkout,
automatic process monitoring, sophisticated laboratory research. Be sure —specify NLS Series 20, the
instruments selected by major missile manufacturers after thousands of hours of competitive life testing.

Features: M24 measures DC voltage, voltage ratio or resistance in a third of a second, V24 measures DC voltage and voltage ratio at same
speed . . . both instruments feature advanced transistorized circuitry and mercury-wetted relays with life in excess of 3 billion readings . . .
one digit accuracy on DC voltage and voltage ratio . . . completely automatic operation . . . plug-in modular construction . .. AC or low
level measurements with plug-in accessories . . . output connectors for continuous data logging. Ranges: DC voltage +.0001 to +999.9; DC
voliage ratio to +.9999; resistance .1 ohm to 1 megohm. M24, complete: $5,650.00. V24, complete: $4,950.00. Write today for complete data.

Originator of the Digital Voltmeter
[ [ 4
non-linear systems, inc.
DEL MAR (SAN DIEGO), CALIFORNIA
— NLS — The Digital Voltmeter That Works ... And Works, ., And Works!
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The Ideal Approach to SSB ..
Eimac Ceramic Tetrodes from 325 to 11,000 watts

Generating a clean SSB signal is one thing ... amplifying
it to the desired power level with stability and low distor-
tion is another. A modern Class AB; final amplifier de-
signed around an Eimac ceramic-metal tetrode is the ideal
answer to the problem. The Eimac ceramic linear amplifier
tubes shown above —the 4CX250B, the 4CX300A, the
4CX1000A and the 4CX5000A — offer the high power
gain, low distortion and high stability that is needed for
Class AB; operation. Each has performance-proved re-
serve ability to handle the high peak powers encountered
in SSB operation. Efficient integral-finned anode cooler

EITEL-McCULLOUGH, INC.

San Bruno, California

Eimac First with ceramic tubes that can take it

and Eimac Air System Sockets keep blower requirements
at a minimum and allow compact equipment design. And,
all four incorporate the many advantages of Eimac ce-
ramic-metal design, which assures compact, rugged, high
performance tubes.

The high performance and reliability of Eimac ceramic
tetrodes make them the logical starting point in the design
of compact, efficient single sideband equipment.

Write our Application Engineering Department for a copy
of the technical bulletin ’Single Sideband.”

CLASS AB; SSB OPERATION

4CX250B

Plate Voltage 2000 v
Driving Power . . . . Ow
Peak Envelope Power. . 325w

4CX300A 4CX1000A 4CX5000A
2500 v 3000 v 7500 v
Ow Ow Ow
400 w 1680 w 11,000 w
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Recent
Progress 1n

Solid State
Technology

By M. M. PERUGINI, and NILO LINDGREN

Associate Editor, Assistant Editor

cryotron  shift
register. Exploded view, Fig. 6, shows details

Thirteen-stage evaporated-film

Growing complexity of systems is intensifying demands for size reduction,

better reliability and lower cost. Concentrated development work on solid-

state devices and circuits is bringing system microminiaturization closer

A WELL-ACCEPTED feeling among solid-state engineers
is that electronics is entering a new phase and that
the problems now being confronted are radically dif-
ferent from those of lumped-parameter days.

At the 1960 Solid-State Circuits Conference in

NO SYNCH

WITH SYNCHRONIZING SIGNAL v

FIG. 1—In this tunnel-diode frequency divider, a relaxation oscillator
is eynchronized by a weak signal at a higher frequency. Rapid
switching occurs when the tunnel-diode operating point moves
slightly into the negative-resistance region

< CIRCLE 38 ON READER SERVICE CARD

Philadelphia, there was much discussion about the
emerging solid-state discipline, and about the place
of tunnel diodes, thin magnetic films and cryogenic
devices in future systems, There was also lively
dispute on the aims of microminiaturization, a field
which some observers feel has been overly publicized.

Leaders in the solid-state field are quick to assert
that aims have not essentially changed—greater re-
liability, greater capacity, greater speed and, espe-
cially, smaller total cost (including throw-away cost)
in electronic systems—and it is likely that in order to
achieve these aims in highly-complex systems we are
obliged to go to microminiaturization.

The ranging pro- and con arguments on micro-
miniaturization, many of which were well-put, are
important, however, for they are symptomatic of the
problems and confusions besetting engineers work-
ing in the micro-domain. As various devices are scaled
down, their behavior varies in often unpredictable
fashion, and the electronics designer and applications
engineer finds that his old intuition will no longer
serve him reliably.

Charting a course for the developing of the new
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FIG. 2—A three-input threshold gate in the d-c powered bistable
mode with unconditional reset (A); trigger action and reset action
(B); and d-c powered monostable mode (C) -

intuition was the paper “Microelectronics and the
Art of Similitude” presented by Douglas Engle-
bart of the Stanford Research Institute.! Similitude
theory, which is well-developed, considers the com-
parative behavior of systems, and develops techniques
for accurately predicting results on one system from
observation on another. It is specially important in
new solid-state work, for it provides a methodical
way of determining which electronic-device tech-
niques will be usable on a given miniaturization scale.

SOLID-STATE DEVICE DEVELOPMENTS—Be-
cause of its smallness, potential low cost, radiation
resistance and relatively simple associated circuitry,
the tunnel diode has been turned to many applications.
It has great potential as a basic building block in
future microminiaturization. Despite recent prog-
ress, however, there are many problems which must
be solved before the tunnel diode’s potential can be
fully exploited. Among these problems are the need
for reliability and reproducibility in manufacture;
need to counter high internal capacitance effects
at high frequéncy; need to isolate the tunnel diode
from active elements in succeeding stages. The loss
of memory in the tunnel diode when current is
switched off will limit its applicability in storage sys-
tems. Speed of circuitry associated with the tunnel
diode is also a problem—device speed now far exceeds
circuitry speed.

Another important solid-state development reported
at the conference is the recent progress in thin mag-
netic films for logic and memory circuits. Magnetic
films have been formed into nondestructive storage
elements, and shift registers operating above one Me¢
have been produced. The biggest problem in thin
films is producing uniformity in film materials. Ob-
taining uniformity of films in cryotrons is not as
difficult. Here, the problem is refrigeration.

All the advances cited can be regarded as advances
in miniaturizing. But before micronminiaturization
of complex systems can become a practical reality,
certain basic problems must be solved: power sources
and small inductances are required (promising work
on an inductance diode is being pursued at Tohoku
University in Japan by J. Nishizawa and Y. Wata-
nabe) ; at high operating speeds. Not least of the
problems is reliability coupled with low cost.

TUNNEL-DIODE APPLICATIONS—Two general
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types of operation are possible with tunnel (Esaki)
diodes: small-signal operation around a bias point
in the negative resistance range, which makes pos-
sible oscillators and amplifiers; and large-signal
switching between two stable points separated by a
region of instability, which makes possible basic logic
functions required in high-speed digital systems.
These and other possibilities inherent in the prop-
erties of tunnel diodes have excited concentrated in-
terest in applying them to various circuits and sys-
tems. Many notable papers were presented on the
application of tunnel diodes to both small- and large-
signal functions.

One of the most promising features of the tunnel
diode is that its negative resistance remains con-
stant up to extremely high frequencies. The small-
signal equivalent circuit, which consists of the nega-
tive resistance shunted by the barrier capacitance
of the diode, and a series resistance and inductance
associated with leads to the diode, has been checked
up to frequencies of about 700 Mc it agrees qualita-
tively with the behavior of tunnel-diode oscillators
operating up to a few thousand megacycles.®

Because of its flat frequency response, the same
diode can be made to provide several different func-
tions at different frequencies.? Negative conductance
of the diode can be used as an amplifier at any fre-
quency which is low compared with oscillator fre-
quency; an intersection occurs between the two fre-
quencies. When the diode frequency is comparatively
low, the device can be thought of as a nonlinear ele-
ment whose parameters vary slowly in time. Thus,
the gain at the higher frequency, or the conversion
gain between two higher frequencies will be subject
to cyclic variations (see Fig. 1).

In this frequency divider, as the diode operating
point moves into the negative-resistance region, high-
frequency power is amplified. The signal builds up
until it completely dominates the switching charac-
teristics of the relaxation oscillator. Only small sig-
nal power is required to lock the relaxation oscilla-
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FIG. 3—Two tunnel-diode flip-flops, one inductively and the other

capacitively coupled (A); and a shift register using the inductively
coupled flip-flop as a building block (B)
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tions because of the regenerative effect and because
of the stability of the diode. Frequency divisions of
100:1 with power ratios above 40 db have been
achieved.

TUNNEL-DIODE LOGIC CIRCUITS—Application
of tunnel diodes to circuits for carrying out all basie
logic functions has been found feasible®. Several
modes have been studied. In the d-c powered bistable
mode with unconditional veset (Fig. 2A) gain is ob-
tained only when an input current greater than I, —
I, (Fig. 2B) triggers the diode from a low-voltage or
ZERO state to a high voltage or ONE state. An output
current is then available to drive other stages. An
unconditional reset comes in the form of a power-
supply interrupticn or a negative reset pulse. In this
mode, either synthesized three-terminal networks
with unilateral properties or unilateral coupling ele-
ments such as tunnel rectifiers provide directivity of
information flow. Linear summation and threshold
detection provide AND and OR operations. Other syn-
thesized networks can provide inversion.

In the d-c-powered monostable mode (Fig. 2C),
the basic circuit resets itself after delivering a ONE
signal. AND and OR are obtained as in the bistable
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FIG. 4—Microwave oscillator or amplifier circuit. Maximum frequency
of 4,000 Mc has been obtained in a demountable circuit of this type
using an encapsulated general-purpose diode

mode. Polarity of the output pulse is reversed with
a transformer to provide inhibition. Diode cou-
pling provides unilateralization. This circuit re-
quires only a simple d-c power supply; however, to
insure coincidence of input pulses to a given stage,
clock synchronization is needed.

A third mode of obtaining logic functions, the clock
pulse or a-c-powered locking operation,” uses a pair
of matched tunnel diodes powered by a balanced
pulse-voltage source of amplitude sufficient to main-
tain only one of the diodes in the high state. The
circuit is receptive to an input only during the short
time when the power-supply pulses are building up,
after which it locks into one of its two states. This
is essentially a majority-logic type device.

Other applications of tunnel diodes to digital cir-
cuits are shown in Fig. 3. These flip-flops use only
tunnel diodes and common passive circuit elements.*
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FIG. 5—for this experimental converter (A), signal, local oscillator
and difference frequencies are 210 M¢, 240 Mc and 30 Mc respec-
tively. Measured values (B) agree with calculated values

Operation of the inductively coupled flip-flop is as
follows. DMagnitude of the d-c supply is set so that
only one diode can be ON. Necessarily the other diode
is OFF. The difference between two diode currents
flows through L, to ground.

Under steady-state conditions no voltage exists
across L,. When an input triggers the off-diode ON,
the voltage induced across L, resets the other diode
from ON to OFF. Thus, the circuit acts as a center-
triggered transistor flin-flop with each pair of posi-
tive input pulses completing a switching cycle. Dif-
ferentiating the output gives a count-by-two scaler.

Figure 3B shows how these inductively coupled
flip-flop can be used as building blocks for a shift
register. Both the signal and shift pulses are posi-
tive. The basic circuit described operates reliably
with variations of =5 percent in tunnel-diode peak
current and in resistor values, =12 percent in d-c
supply, and —20 percent to several hundred per-
cent in input-pulse amplitude. Circuits which oper-
ate with higher tolerances are being developed.

TUNNEL-DIODE AMPLIFIERS—A tunnel-diode
circuit suitable as a microwave amplifier or oscillator
is shown in Fig. 4" With weak coupling (small
coupling holes to the coaxial line) oscillations will
occur at the resonant frequency of the cavity. For
amplification, large coupling is needed to prevent
oscillation. In such a setup, input signal on the co-
axial line reflects back down the line with a gain
which will be very high if coupling is just sufficient
to prevent oscillation. A circulator may be used to
separate input wave and output wave. Maximum fre-
quency oscillations of 4,000 Mc¢ have been achieved.
A properly-designed device of this type might pro-
vide oscillations up to 10,000 Mec.

Power achievable with single-spot diodes at micro-
wave frequencies is very small because of low current
due to its small size, and because of the low voltage.
For greater power output, a number of interesting
idealized schemes for distributed diode circuits have
been presented.®

Construction of several tunnel-diode r-f amplifiers
was reported.” Though such amplifiers show prom-
ise of very high gains, high gain-bandwidth product,
low noise factor (better than 4 db), and probably low
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SHIFT 2

FIG. 6—Exploded view of register shows construction details. Layers
are insulated from each other with silicon monoxide

cost, they present a serious problem when they are
cascaded. Since the tunnel diode is a two-terminal
device, some means of isolating it from following ac-
tive elements is needed.

A number of interesting storage schemes using
tunnel diodes were presented.” Cycle time for tunnel-
diode memory is less than 100 Manoseconds. Major
drawback with tunnel-diode storage is that the mem-
ory will be lost when current is turned off.

Another application of the negative-resistance
characteristic of the tunnel diode was a down-con-
verter which exhibits low noise, high gain and large
band-width.* The experimental converter circuit,
which can be used in the uhf range, consists of three
tank circuits coupled together by a tunnel diode
(Fig. 5A). Experimental results using both germa-
nium and gallium-arsenide diodes appear in Fig. 5B.
It may be possible to extend operating frequencies
into the microwave region, though diode capacitance
will undoubtedly present a major problem.

CRYOTRON SHIFT REGISTER—Recent progress
in evaporating techniques allows construction of a
13-stage film cryotron shift register (see photo).’
The register is a double-rank system where the even-
numbered stages are the A register and the odd-
numbered stages the B register. Details are indi-
cated in Fig, 6.

If a half supply current is flowing in the solid arrow
path and a half current pulse is applied to the shift-1
control, gate A-2-ZERO will be resistive and the supply
current will take the path indicated by the dotted
arrow. Bit 2 of register A has now accepted infor-
mation in the form of a half current in the direction
shown by the dotted arrow. By adding a half-current
pulse on the shift-2 controls, this information is
shifted to bit 2 of register B.

Output of the last stage can be connected to the
first stage input to circulate the stored information,
and a serial output can be obtained inductively across
one of the pair of gates in the chain.

Also described was a vacuum-evaporated thin mag-
netic-film shift register operated at frequencies in
excess of 1 Mec.”

COMPUTER MINIATURIZATION—The first step
in one approach to low cost computers is the develop-
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FIG. 7—Preliminary specifications for flip-flop. Future specifications
will include delay information

ment of a family of high-speed, low-power devices
which compatibly perform logic functions." These
devices, called micrologic elements, will enable com-
puter manufacturers to assemble computers by simply
interconnecting the elements. As a result, assembly
cost is reduced while a smaller and more reliable com-
puter is obtained. It is expected that the cost of the
element will be appreciably less than the cost of the
component parts which, when assembled, would per-
form the same function.

Included in the family of elements are: flip-flop,
half adder, half shift register, gate and buffer. Pres-
ently packaged in the JEDEC TO-5 case, plans call
for also packaging the elements in a TO-18 case. A
specification sheet for a flip-flop is given in Fig. 7.

The techniques which have made possible construc-
tion of these logic elements on a single silicon die lend
themselves well to constructing multiple elements on
a single silicon substrate. These elements can then
be interconnected so that the substrate is capable of
performing a complex logical system or sub-system
function. The potential of this extension of current
techniques is such that it becomes possible to talk of
packaging the entire logic section of a real time com-
puter (equivalent of 2,000 transistors) in 0.15 cc.

This extension is based on the belief that the cost
of fabricating a computer this way will be much less.
It is felt that the cost of the logic section of a digital
computer must be decreased by an order of magni-
tude using this approach in order to make a serious
effort in this direction practical.

There is not much sense in constructing a pea-sized
computer to be used with a barrel-sized memory. A
great deal of work remains to be done in the reduc-
tion of memory size. Integrating micrologic with the
more promising memory techniques may yield a com-
puter of minimum total size.

SELF-ORGANIZING SYSTEM—The block diagram
of an artificial neuron or information processing cell
designed as a component for experimental studies of
self-organizing systems is shown in Fig. 8.2

Each of the ten exciting and ten inhibiting inputs
has a separate weight associated with it. Operation
of the cell depends upon the differences between the
weighted sum of the exciting and inhibiting signals.
Included in the cell is an adaption feature and an ab-
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solute inhibit. The externally applied inhibit pulse
produces a short state during which the cell is insen-
sitive to all inputs.

Whenever the integral of the output is larger than
a specified value, adaption is initiated within the cell.
Adaption produces a short state in which the rate at
which the cell can be fired by exciting inputs is re-
duced. The monostable multivibrator used as the
threshold circuit produces a pulse whenever the out-
put of the summing amplifier exceeds the threshold
level. This pulse serves to increase the gain of the
exciting channels which fired the cell. The trailing
edge of the pulse is used to generate the positive and
negative output pulses.

With minor additions the cell described can be used
for perceptron-type experiments.

ADAPTIVE LOGIC—Systems with self-repair ca-
pabilities can be obtained by using a photoconductor
control matrix.® A pattern generator, which can be
a random-access film library with a suitable projec-
tion system, controls the matrix by projecting various
patterns of light on the photoconductors. With the
output of the matrix monitored by an error detecting
stage, it is possible to step the pattern generator to
start the self-repair cycle when a circuit failure oe-
curs. This cycle will continue until the faulty block
is detected and removed from the circuit. '

PHOTORECTIFIER—An unusual photorectifier
based on a combination of a photoconductor and an
electret was described in a paper by G. Diemer of
Philips in the Netherlands. The rectifier consists
of photoconductive cadmium sulfide powder activated
with copper and gallium in combination with a glass
enamel as a binder.

When a photoconductor powder is combined with
an organic or glass binder, the resulting photocon-
ductor shows a strong superlinear dependence of the
photocurrent on operating voltage. Current through
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FIG. 8—Overall diagram of neuron shows how inhibiting and adap-
sion are provided
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such a powder layer is limited by the contacts between
grains. Thus, the voltage-current characteristic can
be explained by assuming that the electron current
from one grain to another is governed by a tunnel-
ling process through a voltage barrier. By building
in a polarization field between the grains, the magni-
tude of the field strength in the barrier depends upon
the polarity of the supply voltage, and rectification
occurs.

Figure 9 shows the structure of the cross section
of a developed array of cadmium sulfide photorecti-
fiers between crossbar electrodes. Surface is grooved
to reduce forward resistance. With a rectification
ratio of 10, the forward resistance is still, however,
of the order of 100 Kilohms per mm?®. This system is
attractive for application in cases where a high-

CONDUCTING PHOTOCONDUCTIVE CONDUCTING

LINES\'. Cds LINE

CERAMIC SUPPORT

FIG. 9—Cross-sectional view of array of photorectifiers between
cross-bar electrodes. There are roughly 25 grooves to the inch in
this array

voltage output from a large number of photorectifiers
is needed and the high forward resistance can be
tolerated, such as in matrices for optical reading and
switching. Optical input is obtained by placing a
punched card in front of the photorectifying array.
Readout is obtained by applying a voltage between a
chosen horizontal and a chosen vertical conducting
line.
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Computer Switching With

How to select the right power transistor and switching circuit to obtain

required switching speed, gain and current-carrying capacity

By JAMES S. RONNE, Military Systems Studies Dept., Bell Telephone Laboratories, Whippany, New Jersey

HIGH-SPEED COMPUTERS utilize
power transistors in increas-
ing numbers. In selecting one of
these units for a particular switch-
ing application, it is necessary
to consider three requirements:
switching speed, pulse gain, and
current-carrying capacity. Unfor-
tunately, these parameters are
strongly dependent upon circuits
and operating conditions. Further-
more, it is difficult to specify stand-
ards of comparison which would be
appropriate for all types of tran-
sistors. As a result, these data are
not directly available from pub-
lished specifications.

It is not difficult, however, to
determine the approximate capa-
bilities of a power transistor on the
basis of the published data sheet.
The method by which a transistor
can be evaluated relative to switch-
ing speed, pulse gain and current
will be discussed. In addition, the
considerations involved in realizing
the full capabilities of a transistor
in a practical circuit will be ex-
amined and a design example will
be given,

Switching Speed

Pulse rise time, ¢,, of a transistor
is closely associated with frequency
cut-off and collector capacitance" *°,
The expression for rise time with
the emitter grounded is approxi-
mately given by" ** (see Fig. 1 and
Table I) :

t = tpIn [1/(1 — 0.94 /hrg)]
Typically the rise time will lie in
the range, 0.1 ¢, < ¢, < 3 ¢, de-
pending upon the circuit gain.

Turn-off time is given approxi-
mately by:

{y=t;In [1/(0.140.9%7z/(hrg +AR)]
The fall time will be similarly
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found to lie in the range:

0.14 <ty <21
depending upon the magnitude of
the reverse base current, /.

Unfortunately, storage time (¢,)
cannot be calculated from normally
available small signal parameters.
A typical curve illustrating the de-
pendence of storage time on base
current is given in Fig. 2. Current
I, refers to the base current which
flows during saturation and current
I,, refers to the reverse base cur-
rent which flows during the storage
and turn-off times. It should be
emphasized that to pull a transistor

of parameters affecting rise time of /. (B)

out of saturation quickly, a reverse
base current must flow which is in
a direction opposite to that of the
turn-on current. This reverse cur-
rent can be obtained in several
ways.

A simple scheme is to ground
the base as shown in Fig. 3A. The
base-emitter junction of the tran-
sistor resembles a battery of volt-
age V, throughout the storage time.
The reverse base current is

Iy = Vi (Ry + 13)

where V, and », are the junction
voltage and base resistance, respec-
tively, during saturation. The june-
tion voltage can be found from the
knee of an I,, V, curve or from
the expression V, = V, — I,n,
where V, is the d-c base-to-emitter
voltage during' saturation. In Fig.
3B the equivalent-circuit switch and
limiting resistor have been replaced
by transistor Q.. The storage time
can be reduced by selecting a tran-
sistor for Q. which has an effective
series resistance (R.) that is as
small as possible. Other methods
of reducing storage time will be
discussed when the circuit design
example is considered.

The maximum available pulse
gain is determined by the large-
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High-Power Transistors

signal gain of the device. However,
the circuit gain is determined by
the degree of saturation required.
Reducing the circuit gain substan-
tially below the large-signal gain
by overdriving will reduce rise time,
but unfortunately this method has
the adverse effect of increasing the
storage time. Furthermore, since
some power transistors have low
gain at high currents, use of ex-
cessive overdrive would sacrifice
too much gain. In general, a circuit
is designed to have the maximum
possible pulse gain consistent with
the required switching speed.

Current-Carrying Capacity

Data sheets for switching tran-
sistors normally list maximum
power dissipation, maximum col-
lector current, and collector satura-
tion resistance (or voltage). How-
ever, it is not immediately obvious
what the current-carrying capacity
of the unit is for a particular
switching application. Furthermore,
it is difficult to compare the capa-
bilities of transistors on the basis
of these specifications.

To evaluate transistors, using
their published specifications, a
simple expression will be derived
which relates pulse width to max-
imum collector current for various
repetition rates. Consider a pulse
train (Fig. 4) at the collector with
repetition rate, f (in Me), switch-
ing time, t (¢, + ¢, in usec), pulse
width ¢, (in usec), with amplitudes
E. and I. (in volts and amperes).
The total average collector dissipa-
tion, P., is equal to the sum of the

Table I—Parameters

{, = rise time-(0 to 90 percent)
lk = 1/ Whe + RL Cnc
A = 1./I, = circuit forward gain
A =1./I,, = circuit reverse gain,
wl, = cutoff frequency,
common emitter
hgg = d-c current gain,
common emitter
C,s = collector-to-base
capacitance
CN = ’lpECob = collector-
to-emitter capacitance

average power dissipated during
current saturation (P,), the aver-
age power dissipated during switch-
ing (P.), and the average power
dissipated during voltage satura-
tion (P,).
Py =127d0f
Py, = (I.E /NI
P3; = Echrgl cprlof

where the product, hrzlcnz, repre-
sents the maximum collector cur-
rent during voltage saturation
under conditions of maximum junc-
tion temperature and r.. is the col-
lector saturation resistance. Power
term P, becomes important only at
high ambient temperature or when
the transistor is operated near the
maximum power capabilities.

The average total power dissipa-
tion is:

P.= Py + P, if Py Pe
Po = (I)%edof +0.251.Elf

Solving for the pulse width, we

get:

Pr—0251.Eft . 1
A rof =, with 1, < 7 l

and where P, has been replaced

lp=

FIG. 3—Switch § is circuit equivalent for transistar Q:; (B)
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with P,, the maximum power the
transistor is capable of handling.
In this way the capabilities of the
transistor can be determined for
various combinations of ¢,, f, and I..
The values for switching time
(t), collector voltage (F.), and
saturation resistance (r..) are ob-
tained from transistor specifica-
tions and circuit conditions. The
maximum power-handling capabili-
ties (P,) of the transistor in a
particular application are not im-
mediately obvious from most pub-
lished data sheets. The collector
current should never be allowed to
exceed the maximum value recom-
mended by the manufacturer. The
equation for ¢, does not take into
account this important rating.

Transistor Power Rating

No industry-wide standard has
been adopted for transistor power-
dissipation rating. Some published
ratings are contingent upon main-
taining the entire transistor case
at room temperature while others
represent average values for speci-
fied operating conditions. Since the
actual power-handling ability of a
transistor is strongly dependent
upon application and environment,
a better scheme would be to provide
sufficient engineering data to per-
mit the calculation of the power-
handling capability for individual
circumstances. These data would in-
clude the maximum allowable col-
lector-junction temperature (7T.),
the thermal resistance from collec-
tor junction to free-air ambient
with no external heat sink, (6...)
and the thermal resistance from
collector junction to mounting sur-
face (fc.c).

Temperature drop from the col-
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FIG. 4—Waveforms of I, and £,
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lector junction to the surrounding
air is analogous to the voltage drop
between two potentials. The ther-
mal resistance from collector junc-
to mounting surface, 8., is in
series with the thermal resistance
of the heat sink, #,,. Thermal re-
sistance 6#,, includes the thermal
resistance of the transistor case in
parallel with that of any external
heat sink. Increasing the size of
the external heat sink reduces 6,,,
thus allowing a greater tempera-
ture drop within the transistor and
permitting more power to be dissi-
pated. Thermal resistance has the
dimensions of deg C/watt.

An external heat sink can be de-
signed based on the rule-of-thumb
thermal resistance figure of (125
C/w)/A for surface areas greater
than 5 in.%, where A is the total
exposed area of the heat sink in
in.®. This area includes both sides
of a flat plate but only the outside
surface of a transistor case. For
small heat sinks (less than 5 in.%)
the value (62 C/w)/A should be
used. These values are determined
from power dissipation based on
heat transfer as a result of radia-
tion and convection from a shiny
surface. A properly blackened heat
sink can reduce the thermal resist-
ance by as much as 25 percent.
Simply painting the area is not
recommended, however, since the
insulating properties of the paint
may- increase the thermal resist-
ance.

Obviously, mounting arrange-
ments and the degree of confine-
ment can alter these values con-
siderably in actual circumstances.
For this reason, the thermal resist-
ance values given here can be con-
sidered to be within a factor of two
of the true value. Based on these
numbers, however, a quick calcula-
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Table 1-Typical Characteristics
of W E GA-53242

I, <3a

BVc¢so, EBO, CEO =40v

Tee 0.5 ohm

Icno (250, VCB = —40V) 5/13.

hp]; (Ic = 800 ma) 60

Cop (V. = — 4.5v) <50 pf

fa. 100 Ke

fc¢_c (int. thermal 24C/w
resistance)

T; (max. junction temp.) 85C

tion will determine the approxi-
mate capabilities and/or require-
ments for a given application.
Commonly, only one of the two
thermal resistance figures is speci-
fied in the published transistor data
sheets. Given one, a simple approxi-
mation will allow the calculation of
the other. This procedure entails a
guess as to the effective heat dissi-
pating area of the transistor cases.
As an example, consider the
WE 2N560. This transistor has a
fc.. of 250 C/w and a maximum

junction temperature (7T.) of
150 C.

The internal thermal resistance,
Occ, is found from 6. = 6c.. —

8... The external area of the case
(built-in heat sink) is 0.56 in.*

f=0.25Mc

2t X
0 L i Pl gl |

\ 0 0:4 4 0.8 102 | LE. 2!
! S .. . Ig IN AWP

PULSE WIDTH {fp} IN pSEC
IS
¥

]

FIG. 6—Current-handling capability of the
GA 53242

Thus, internal temperature rise is
b = 250 C/w — 62 C/0.56w = 140 C/w

Similarly, given 6, we can find
8c... The addition of a 3% x 3% in.
heat sink will reduce 6,, to:

Oiis = 12—59[w = 5C
2 X (314)2 w

The 2 in the denominator takes
into account both sides of the heat
sink. The area of the transistor
case is now insignificant and need
not be included. The thermal re-
sistance of transistor plus heat
sink, 6,, is 8¢.c + 6., or 145 C/w.
(The specification sheet gives the
figure as 150 C/w.)

These values can now be com-
bined with the maximum junction
temperature to get the maximum
power dissipation. For example the
2N560 operating with a 3% x 33} in.
heat sink in 75 C free-air ambient
(T.,) can dissipate P, = (T, — T,)/
#,. Thus

pr = (150 — 75)/(150/w) = 0.5 w

Circuit-Design Example

An experimental solid-state mem-
ory requires a drive amplifier which
will supply an 8-xh load with a cur-
rent pulse (I.) of 750 ma, £, =
1 usec, and (¢t + t,) equal to or less
than 2 usec. (See Fig. 1B.) Repeti-
tion rate, f, is 0.25 Mec.

Consider the transistor charac-
teristics listed in Table II. This
transistor exhibits low saturation
resistance (0.5 ohm) and high gain
(60 at 800 ma).

Based upon these data

o 1070

(0.1)(2x)
= 1.7 uscc
for a load resistance (R,) of 33
ohms (Fig. 5).

If we design the circuit to have
a rise time (¢,) not greater than
0.3 usec,

{; = 0.3usec = 1.7 In[1/(1 — 0.94/60)]
Solving for A we see that A must
be less than 11. The base drive
(I.,) required must therefore be
greater than I.,/A = 750 ma/11 =
68 ma. The addition of an 8-ph
inductance in the collector circuit
will add approximately 0.3 usec to
the rise time.

Similarly, a fall time (#,) not
greater than 0.3 usec is calculated
from

t;=1.7In{1/[0.14+-0.9X60/(60+4 »)]}

+(33) (50 X 10-12) (60)
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Solving for A, we get 4, < 13.1;
thus I,, > 57 ma. Referring to
Fig. 2, we see that a reverse base
current of perhaps 100 ma would
be desirable to reduce storage time,.
In the absence of storage-time in-
formation, use as large a reverse
base current as can be conveniently
supplied, in turning off high-speed
high-current pulse amplifiers.

A 2 x 2 in. heat sink has a ther-
mal resistance of 16 C/w. The
thermal resistance of heat sink plus
transistor become 4, = 16 C/w +
24 C/w 40 C/w. The maximum
power-handling capability of the
device at an ambient temperature
of 30 C is

Pr = (85C — 30C)/(H0C/w) = l.4w

The current-handling capability of
the unit is

ty = (2.8 = 121.0)/(IDf

where switching time ¢ is 1 usec
and E. is 25 v (Fig. 4).

This expression is plotted in Fig.
6 for f = 0.25 Mc and f = 0.1 Mc.
As indicated, the power require-
ments are within the capabilities
of the transistor. However, the
curves of Fig. 6 represent an abso-
lute maximum. Operating a tran-
sistor at this value is inviting
trouble, since a slight increase in
supply voltage or ambient tempera-
ture could permanently damage the
transistor. Furthermore, the power
dissipation term, P, would no
longer be insignificant. In most in-
stances the safety margin of a
border-line transistor can be in-
creased by reducing the supply volt-
age or increasing the area of the
heat sink or doing both.

To obtain the high reverse base
current (I,.) required to cancel
storage time and turn the transistor
off quickly, a special circuit is re-
quired. The objective is to estab-
lish the maximum possible I, that
is consistent with the circuit and
the safe operating margins of the
transistor. Some of the coupling
schemes which could be used to es-
tablish a reverse base current are
shown in Fig. 7.

In Fig. 7A, a negative pulse to
@, switches it on, grounding the
base of @, through R,, which has a
small resistance. In Fig. 7B, a neg-
ative pulse switches on @Q,, causing
L, to impress a turn-off voltage on
the base of Q..
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FIG. 7—Coupling circuits which con be used for establishing reverse bose current

In Fig. 7C, a negative pulse
switches on @,, causing C, to apply
a turn-off voltage to the base of Q..

A variation of the method illus-
trated in Figure 7D is used to turn
off transistor @, of Fig. 5. In Fig.
7D, the reverse voltage is applied
by means of a voltage-divider net-
work. The resulting coupling net-
work introduces a substantial loss
in power. In Fig. 5, a positive turn-
off voltage is automatically applied
with no added loss in gain or power.
This is accomplished by driving pnp
transistor @, with an npn type Q..
Transistor Q, is a 150-mw diffused-
base germanium transistor which
allows the amplifier to operate from
direct-coupled low-level circuits.
Switching time in the stages @, and
Q. of the amplifier is reduced by
incorporating the coupling scheme
shown in Fig. 7C.

It will be noted that there is no
phase reversal between transistors
(they are all on or off at the same
time). This condition has the effect
of reducing the demands placed on
Q. since it will have the same duty
cycle as Q,. Under no circumstances
would transistor Q. be subjected to
long periods of ‘“soaking”, which
tends to increase storage time and
power dissipation. However, the
condition of having all transistors
on at the same time increases the
demands placed on the power sup-
ply. It was found necessary to
by-pass the power-supply leads with
capacitor C, to reduce the ripple to
a tolerable level.

In operation, turning transistor

Q, on causes the negative 10-v sup-
ply to apply a turn-on current to
transistor @,. Coupling resistor R,
is by-passed with a capacitor C,
to speed up switching. Turning on
transistor Q. effectively connects
the base of transistor @, to the neg-
ative 10-v supply, which applies a
100-ma turn-on current. As a re-
sult, approximately 750 ma will flow
in the 8-ph load. The 100-ma base
current of Q, is determined primar-
ily by the series resistance of the
emitter-base junctions of the tran-
sistors @, and Q,. Other transistors
may have a lower input impedance
and therefore require a lower nega-
tive-supply voltage or a series cur-
rent-limiting resistor or both.

Turning transistor @, off removes
the forward base bias of @. thus
turning it off. Turning off Q. effec-
tively connects the base of Q; to the
positive 16-v supply, through load
resistor R,. As a result, approxi-
mately 100 ma of reverse base cur-
rent flows, which sweeps the minor-
ity carriers from the base region
and turns transistor Q. off quickly.

The amplifier produces 0.75-amp
1.9-usec. pulses at a 250-Kc repeti-
tion rate in the 8-uh load with a
0.25-ma, 1-usec. input. Transistor
@. remains saturated for approxi-
mately 1 usec.
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Transfluxor Oscillator

Magnetic-electronic oscillator retains last frequency setting for many hours

after removal of control signal

By RICHARD J. SHERIN, Product Development Laboratory, TBM Corp., Poughkeepsie, N. Y.

EMAND by industry for a
D simple device to replace the
servomotor-controlled oscillator has
existed for some time, particularly
among manufacturers of military
communications equipment, auto-
mobile radio receivers and fre-
quency standards.

Previous continuously-variable
voltage-controlled oscillators all
drift cumulatively off frequency
when the controlling voltage is re-
moved. Although it is possible to
approximate this type of oscillator
to any desired degree of accuracy
by using a digital register, such a
system is not simple.

Basis of the transtluxor oscillator
described is the circuit shown in
Fig. 1. The small aperture of a
transfluxor® is used as the magnetic
core member in a Royer converter
circuit’. A square-wave output is
obtained having a period which is
a linear function of the time in-
tegral of the voltage induced in the
large aperture by the control
signal.

Transfluxor Operation

To simplify the discussion, as-
sume that the cross-sectional areas
of transfluxor legs 2 and 8 are equal
and that of leg 1 is twice this value
as shown in Fig. 2A. Also, assume

CONTROL
SIGNAL
INPUT :

SQUARE WAVE OUTPUT

FIG. 1—Basic transfluxor oscillator circuit
is essentially magnetic multivibrator with
electronic frequency control

the material used in the transfluxor
has a nearly rectangular hysteresis
loop. Using the sign convention
established in Fig. 2B, it is appar-
ent that: — 24, = ¢, = 24,; — ¢.
éd’:'—_d’a‘d’léd’-;and —¢sé¢3
= ¢ + ¢. = ¢, where ¢, is the sat-
uration flux for leg 2 and for leg 3.

Consider the magnetization of
the small aperture when ¢, = 0.
When the direction of magnetiza-
tion is counterclockwise, leg 2 sat-
urates at ¢. = — ¢, with leg 3 still
unsaturated and ¢, = ¢, + ¢, = ¢, —
¢.. When the direction of magneti-
zation is clockwise, leg 8 saturates
at ¢, = ¢, with leg 2 still unsatu-
rated. Hence, the flux change,
Ad,, in leg 8 during clockwise mag-
netization starting with leg 2 sat-
urated and ending with leg 8 sat-

(B) (C)

urated is given by Ad. = 24, — ¢..
Similarly, for ¢, = 0, A ¢, = 2, +
¢: and in either case A ¢, = 24, —
lébu.

Switching Ring C,

Referring to Fig. 2C, when legs
2 and 3 are both unsaturated, the
magnetomotive force (mmf) which
must be applied to leg 3 to change
¢; is at most equal to that value
which will switch flux in the ring
C, when it is unsaturated. In op-
eration, when a sufficient mmf is
applied to the small aperture, the
flux density vector field pattern will
be changed in such a way that the
shortest closed path enclosing the
small aperture and having no sat-
urated segment is affected first.
Paths of greater length are affected
as the material closest in to the
small aperture becomes saturated.

The change in the flux density
field pattern proceeds from the in-
side to the outside until some path
is reached which has sufficient
length so that the applied mmf is
less than the threshold mmf for
this path. When the mmf is suffi-
cient to overcome the threshold
mmf for this path, it is great
enough to saturate all the material
inside the circle C, and, therefore,
is an upper bound on the mmf re-

(D)

FIG. 2—Transfluxor construction and magnetization. Cross-sectional area of transfluxor legs (A); definition of fluxes used in description of
transfluxer operation (B); paths determining the range of mmf which can be applied to leg 3 (C); and paths determining a maximum range for
the mmf threshold presented to the control signal (D)
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Gives Drift-Free Output

quired to switch the fux in a closed
path through legs 2 and 3.

Switching Ring C.

When leg 3 reaches saturation in
the downward direction, an arbi-
trarily large downward mmf will
cause no further flux change in the
transfluxor. When leg 2 reaches
saturation in the downward direc-
tion, a sufficiently large upward
mmf on leg 3 can cause counter-
clockwise magnetization of a path
which encloses both the small and
large aperture thereby altering ..
However, if the counterclockwise
mmf is limited to a value below that
which will switch flux in the path
C., then it is insured that the up-
ward mmf on leg 3 will cause no
further flux change after leg 2 has
become saturated in the downward
direction.

Circuit Parameters

The circuit of Fig. 1 is so de-
signed that either transistor once
ON is held in the saturated ON state
for any collector current up to some
maximum value I,. Circuit param-
eters are chosen so that I, is greater
than that value which would just
magnetize an unsaturated path C,
but smaller than that value which
would magnetize an unsaturated
path C.,. Thus, the mmf is just
greater than the threshold mmf for
the length of the path referred to
and will therefore alter the flux
density direction along the path if
the path is not already saturated in
the direction of the mmf. These
limit values are separated by a fac-
tor of two or more in a typical
transfluxor, hence the adjustment
is not at all critical.

Each time collector current 7, is
reached in the oN transistor, the
fed back voltage to the ON tran-
sistor decreases causing a corre-
sponding decrease in the collector
current. Because of the presence of
a small amount of elastic flux ex-
cursion, this decrease in current
causes the voltage to reverse across
all the windings on the small aper-
ture, the formerly ON and OFF tran-
sistors interchange states and the
flux in leg 8 is then driven back
toward the opposite saturation con-
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K=X 1,000

FIG. 3—Experimental transfiuxer oscillator operates between 100 K¢ and 1 Mc. In practi-
cal applications, a larger transfiuxer would be used and the extra transformer eliminated

OSCILLATION TIME CALCULATIONS

Time in usec for a half cycle of oscillation is that time required to switch the
flux A, and is given by:
N N
Ads = 20 —
En— AE b3 ER—AE(¢ [é1])
where all fluxes are measured in volt-usec/turn and AE accounts for the sum of

the voltage drop across an ON transistor and the IR loss in the conducting N turn
winding. The relation between a corresponding flux and voltage is given by:

'
_ ec(l)
() = /: N, dt

where e, is the voltage induced in an open circvited winding of N, turns on leg 1
and t is measured in psec. Thus:

T =

1 N ' ! e(l) '
T'= Fp—ap 3¢~ f x|

Letting A be the cross-sectional area in cm* of leg 3 and B, the saturation flux
density in gauss for the core material, ¢, = B,A/100 volt-usec/turn. The threshold
mmf, F., in ampere-turns for the control signal falls in the range H;L,/0.47 =
F. = H,L,/0.47 and the range of satisfactory adjustment for |, is determined by
H:L,/0.4x < NI, < H.L./0.47, where H; is the threshold mmf in oersteds for the
core material and L,, L,, L, and L, are the lengths in cm of paths C,, C,, C, and C,,

respectively.

dition. The flux changed in leg 3
between the two saturation condi-
tions is [Ad.] = 2¢. — |é:[, and the
period of the oscillator is directly
proportional to this value.

Frequency Control

When the transfluxor oscillator
parameters are properly chosen, ¢,
is unaffected by the mmfs applied
to the small aperture. Only when
the mmf produced in leg 1 by the
control signal exceeds a certain
threshold will ¢, begin to change.
After this threshold is exceeded,
the rate of change of ¢, will be
proportional to the voltage induced
in an open circuited winding on
leg 1, that is, the control voltage
is a driving voltage minus an IR
drop in the control winding.

This threshold mmf falls in the

range bounded by the mmf values
required to magnetize unsaturated
paths C, and C, as shown in Fig.
2D, and corresponds to the static
friction in the servomotor of a
servomotor-controlled oscillator. It
is the threshold effect which sta-
bilizes the oscillator frequency
against cumulative drift resulting
from noise current in the control
winding of the transfluxor oscil-
lator in one case and from noise
current in the servomotor drive
voltage in the other case. The ex-
perimental oscillator (Fig. 3), uses
an RCA XF3006 transfluxor.
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Antenna is mounted on ridged waveguide slotted line prior to measuring vswr

Table I—Antenna Characteristics

Frequeney Band.......... 7=11 G¢
Max vswr. .............. 1.5
Max On-Axis Axial Ratio
(lellar/l‘:nn'u). daoaoaoaaaa 2
Min 3 db Eg Beamwidth in
f=0Oplane........ ... .. 100 deg
Min 6 db E, Beamwidth in
#=0plane............. 140 deg
Min 3 db E¢Beamwidth in
#=0plane............. 140 deg
Min 3 db EgBeamwidth in
¢=0plane............. 52 deg
Min 3 db E4 Beamwidth in
¢=0plane............. 78 deg
Average Power Tested . ... 200 w

Approx Min On-Axis Gain
Relative to Isotropic Ra-
diator................. 3

X-Band Horn Antenna

Elliptically-polarized antenna has

3-db and 6-db beamwidths of 140

degrees. Applications are in countermeasure, telemeter and beacon systems

By RAYMOND E. METTER, Aero-Space Division, Boeing Airplane Co., Seattle, Washington

N X-BAND HORN antenna has
been developed that can be
used whenever there is a broad
beamwidth requirement with either
horizontal, vertical or elliptical
polarization. These applications are
found in electronic countermeasure,
telemeter and beacon systems.

The antenna to be described is
elliptically polarized and has the
unique feature of a wide beamwidth
in two polarizations. In the plane
corresponding to the II-plane of the
waveguide feed, the antenna has a
minimum 3-db beamwidth of 140
deg for the polarization perpendic-
ular to the H-plane of the wave-
guide feed and a minimum 6-db
beamwidth of 140 deg for the or-
thogonal polarization over the 7-11
Gc band.

Basically, the antenna is a modi-
fied open-ended waveguide. It con-
sists of a linear taper transition
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from standard waveguide to square
waveguide, a Rexolite dielectric
phase shifter and a V-shaped aper-
ture. (See Fig. 1.) The antenna
characteristics are summarized in
Table 1.

Design Considerations

For discussion purposes the an-
tenna is located at the center of the
spherical coordinate system shown
in Fig. 2. The H-plane of the wave-
guide feed is parallel to the 4 = 0
plane and the antenna axis is coin-
cident with the intersection of the
# = 0 and ¢ = 0 planes. The § = 0
and ¢ = 0 planes are the horizontal
and vertical planes, respectively;
Es and E, represent the vertical and

horizontal polarizations, respec-
tively.
With a standard open-ended

waveguide that is linearly polarized,
E-plane 3-db beamwidths of greater

than 120 deg can be obtained. It
is not simple, however, to obtain
broad H-plane patterns. If elliptical
polarization is required, it is not
possible with open-ended waveguide
to obtain broad patterns in any
plane since the narrow dimension
of the rectangular waveguide must
be increased so that the elliptically
polarized mode can be supported.

In the 8 = 0 plane, an elliptically
polarized 0.9-inch square open-
ended waveguide in free space will
theoretically have an E, 3-db beam-
width variation of 85 deg to 60 deg
and an E, beamwidth variation of
85 deg to 73 deg over the 7-11 Ge
band.! To achieve a broad pattern,
two antennas can be combined with
a waveguide tee and oriented so that
each antenna covers adjacent 60-
deg regions.

The main disadvantage of this
configuration is interference in the
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RG-52/U WAVEGU'DE

TRANSITION

REXOLITE PHASE SHIFTER N
N
N
SWEPT-BACK
GROUND PLANE

MATCHING POST

FIG. 1—Prototype antenna is 4.125 inches from beginning of flare

on transition piece to edge of septum

SEPTUM

= 0° PLANE

_~"(VERT PLANE)
”

—————

(HOR PLANE)

FIG. 2—Spherical coordinate system defines waveguide feed planes,
and vertical and horizontal polarizations

Has Broad Beamwidth

pattern and complexity of the feed.
As the two antennas are moved
closer together, the number of nulls
decreases while the width of the
nulls increases. When the effective
phase centers of the two antennas
are less than \/2 apart, the nulls
will be eliminated; however, this
configuration is physically unreal-
izable with two separate horn an-
tennas. This leads to the possibility
of modifying one antenna so that it
“looks” like two antennas whose ef-
fective phase centers are less than

X/2 apart. The antenna discussed
below falls into this class. Basic-
ally, it is an open-ended square
waveguide with a V-shaped aper-
ture divided by a septum.

Elliptical Polarization

One way to produce circular
polarization is to convert a linearly
polarized wave into two equal-mag-
nitude orthogonal waves 90 deg out
of time phase. One common method
is to feed a partially dielectric-filled
square waveguide from a twisted

Possible antenna installation could be used on airplanes or missiles by placing mounting
plate flush with vehicle’s skin. Tapered block is required for null filling
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feed.* An improved design was de-
veloped by W. D. Hodge,? where it
is not necessary to twist the feed.
This design consists of feeding a
linearly polarized wave (TE.) into
a square waveguide which contains
a Rexolite dielectric slab placed
diagonally.

In square waveguide, the TF,,
wave may be thought of as two
equal-magnitude orthogonal modes
whose transverse E fields are 45
deg from the incident E field.' The
polarization of one mode is. perpen-
dicular to the dielectric and the
polarization of the other mode is
parallel to the dielectric. As they
propagate through the dielectric,
each mode is retarded in phase with
the wave parallel to the dielectric
lagging the wave perpendicular to
the dielectric since most of the
parallel wave travels in the dielec-
tric. By choosing the proper length
dielectric, a 90-deg phase shift is
obtained which produces a cir-
cularly polarized output wave.

A rigorous solution of the fields
in the loaded dielectric square wave-
guide would result in the propaga-
tion constants for both modes so
that the phase shifter design could
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FIG. 3—On-axis oxial ratio of prototype antenna

be optimized. A rigorous solution
could parallel the work of W.
Ayres®; however, the mathematics
become extremely complex when the
phase shifter is oriented diagonally.
Thus, the phase shifter size was
determined experimentally.

The transition from the RG-52/U
waveguide feed to the square wave-
guide is a linear taper one inch
long. Although there are many
sophisticated methods for a low
vswr transition, it has been demon-
strated that a linear taper design
is a very good approximation to the
optimum design.® From a manu-
facturing standpoint, the linear
taper is, of course, superior.

Phase-Shifter Placement

In the development of the transi-
tion and phase shifter, it was found
that the composite vswr was re-
duced considerably and the elliptic-
ity improved when the phase shifter
was placed in the transition region.
The reduction in vswr is probably
due to the shorter wavelength in
the dielectric region which makes
the transition longer in terms of
wavelengths. Also, the refiections
from the dielectric cancel the reflec-
tions from the transition.

When radiating into free space,
the overall configuration resulted in
a compact mode transducer from
linear to elliptical polarization
which had a vswr of less than 1.4
and an on-axis axial ratio of less
than 1.41 over the 7-11 Ge band.
After the aperture was modified,
as will be described, the on-axis
axial ratio was less than 2 (see Fig.
3). An axial ratio of 1 indicates
circular polarization.
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As previously noted, one way to
obtain broad patterns is to orient
two apertures so that their re-
spective radiation patterns cover
adjacent regions in space. To ap-
proximate this concept, a 0.9-inch
square waveguide may be cut in a
V shape with a pin placed at the
apex.

Silver’ indicates that in the # =
0 plane the E, pattern has 10-db
beamwidths of greater than 180
deg at some frequencies. Using the
previously developed elliptically
polarized square waveguide feed,
an extensive set of patterns was
taken of pinned horns with differ-
ent angled V-shaped apertures.
The resulting E, 3-db beamwidths
were more than 140 deg over the
7-10 Ge band. Above 10 Ge, the
beamwidth narrowed to 100 deg at
11 Ge. In order to maintain broad
patterns across the frequency band,
it seemed logical to try to sepa-
rate the two apertures. This was
accomplished by replacing the pin
with a septum. It was found that a
one-fourth-inch septum on a 64-deg
horn gave E, patterns in the § =
0 plane of 140 deg or more over the
7-11 Gc frequency band., (See
Fig. 4.)

During the E, investigation, E,
patterns in the § = 0 plane were
also obtained. The 3-db beamwidths
were of the order of 70 deg and
were affected in a second-order
manner with the previous param-
eter variations. It is logical to
assume that the aperture distribu-
tion which controls the E, patlern
is essentially unaffected by changes
of septum size or apex angle since
the E, vector is perpendicular to the

E 4(308)

FREQUENCY IN KMC

FIG. 4—Beamwidth in # — 0 deg plane of prototype antenna

septum. That is, to a first approxi-
mation, the E, vector does not see
the septum.

It is well known that the E-plane
beamwidth of a linearly polarized
antenna can be increased consider-
ably if the antenna aperture is flush
with a ground plane. Although the
intended use of the antenna dictated
that it would be mounted in a free-
space environment, it was still pos-
sible to exploit a small ground plane.
In developing a broadbeam linearly
polarized antenna, it has been found
that the E-plane pattern of an open-
ended rectangular waveguide could
be broadened with the use of a small
swept-back ground plane® The
same attack was used on the V-
shaped horn. A series of patterns
were run with ground planes of
different lengths and at different
angles. It was found that one-half-
inch ground plane at 60 deg was
optimum. This configuration re-
sulted in E, 3-db beamwidths
greater than 140 deg over half of
the frequency band. The 6-db hori-
zontal £, beamwidths are more than
140 deg over the 7-11 Ge band.
(See Fig. 4.) The swept-back
ground planes do not affect the E,
pattern in the § = 0 plans as
E, = 0 at the sides of the wave-
guide aperture. Thus, to a first ap-
proximation, the patterns of the two
polarizations in the § = 0 plane can
be controlled independently.

Impedance Matching

Without any impedance compen-
sation, the antenna had a maximum
vswr of 3:1. Since the transition
and phase shifter are relatively
well matched, the primary reflec-
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tions arise from the aperture. In
particular, it is clear that the sep-
tum is the main cause of mismatch
and it was found that the matching
problem consisted of eliminating
the effect of the septum on the E,
polarization.

Impedance measurements indi-
cated a shunt inductance in the
vicinity of the aperture would be
beneficial. Consequently, a 0.05-inch
diameter post was tried in the open
V-shaped region. A location for the
pin was found where the vswr of
the E, polarization was reduced to
less than 1.6:1.

Since the post improved the vswr
of the E, polarization considerably,
the antenna was assembled, and the
optimum post location was ob-
tained. This location was slightly
different since the post is now
matching out the complete antenna.
In conjunction with the post loca-
tion variation, the distance between
waveguide transition and aperture
was also varied so advantage could
be taken of the cancelling of net re-
flections from the two main mis-
match regions.

It was found that the best results
were obtained when the point of the
phase shifter is flush with the
square opening. As a fine tuning
adjustment, the corners of the sep-
tum were mitered. The result was a
vswr of less than 1.5 over the 7-11
Ge band.

Applications

The antenna was originally de-
signed for an airborne application.
It, of course, may be used whenever
there is a broad beamwidth require-
ment with either horizontal, verti-
cal or elliptical polarization.

For a linearly polarized applica-
tion, a broad E, pattern in the ¢ =
0 plane can be obtained by remov-
ing the phase shifter. If a broad E,
pattern is desired, it is necessary
to remove the phase shifter and ro-
tate the transition 90 deg about the
waveguide axis. The V-shaped
aperture can be used to broaden the
beams of other basic antennas. For
example, a V-shaped configuration
can be placed on the aperture of a
cavity-mounted elliptically polar-
ized helix and affect a broadening
of the patterns.

Instead of mounting the antenna
in an essentially free-space location,

ELECTRONICS + MARCH 4, 1960

the situation may occur where the
antenna is protruding from a
ground plane. It has been found
that the one-half-inch swept-back
ground planes have little effect on
the broad E, patterns when the back
edge of the ground plane is resting
on the large ground. Thus, the
swept-back ground planes can be
removed.

Effect of Ground Plane

Although a large ground plane
(at least 10 \) generally broadens
the E, pattern, the resulting E, pat-
terns were not as broad as were ob-
tained in free space with the small
swept-back ground planes. Thus,
when the environment is a large
ground plane, the broad E, pattern
is narrowed. The broad E, pattern
is essentially unaffected by changes
in ground planes. For a narrow
band application, there is the pos-
sibility of using chokes in the
ground plane which will curtail the
excitation of current along the
conductor. The chokes will tend to
prevent E, pattern degradation
caused by the ground plane.

This principle was used in the
models shown in Fig. 5. In order
to use available feeds and to facili-
tate assembly, it was necessary to
construct the antenna with a flange
directly behind the swept-back
ground planes. To prevent broad
E, pattern degradation, chokes were

cut behind the small ground planes.
The electrical characteristics of the
antennas in Fig. 5 are the same as
the prototype antenna except that
the 3-db beamwidth of the E, pat-
tern in the # = 0 plane narrows to
100 deg at 7 Ge.

Some of the ideas used in this de-
velopment may be useful in devel-
oping a broadbeam elliptically
polarized antenna in both planes.
For example, a crossed septum and
four swept-back ground planes
might possibly be used.

The author is indebted to W. D.
Hodge and J. C. Melnturff, whose
previous antenna developmental
results were used extensively and
to C. H. Vandermeer who con-
structed and tested the experi-
mental models.

REFERENCES

1. 8. Silver, “Microwave Antenna Theory
and Design,” McGraw-IT1ill Book Co.,
Inc., New York, N. Y., MIT Radiation
Lab. Series, Vol. 12, pp. 341-347, 1049,
. G. Stavis and A. Dorne, “Circularly Po-
larized Horns,” Very High Frequeney
Techniqgues. MeGraw-Hill B3ook Co., Inc,,
New York, N. Y., Vol. 1, pp. 153-157,
1947,

3. W. D, Hodge, Interim Report—Design

o

of LT-7 Aawtenna for B-32 Airplane
ECP-369, (Unpublished, classified)
4.8, Schelkunoff, “Klectromagnetic

Waves,” D, Van Nostrand Co., Inc,, New
York, N. Y., p. 395, Fig. 10,6 (F), 1943.

5. W, Ajyresx, BRBroad-Band Quarter-Wave
Plates, IRE Transactions, Vol, MTT-5,
pPp. 258-241, Oct., 1957.

6. K. Matsumaru, Reflection Coefficient of
E-Plane Tapered Waveguides, IRE
Transactions, Vol, MTT-G, pp. 143-149,
April, 1958,

7. 8. Silver, op. cit., pp. 381-383.

8..J. C, MelInturff, Notes on a Broadheam
Horn Antenna. (Unpublished.)

2' 3

4 5

O 7

LSRR

FIG. 5—Antenna with straight RG-52/U waveguide feed is shawn ta left of antenna with

curved DR-19 ridged waveguide feed

53



Precision Phasemeter for

Operating in the band from 100 to 520 Mc, system measures phase dif-

ferences between two signals within 0.2 degrees. Frequency of operation

can be extended up to X-band and down to 20 Mc

By ROGER T. STEVENS, Electronics Systems, Inc. Boston, Massachusetts

HASE MEASUREMENTS in the uhf

region have typically been la-
borious and inaccurate. But certain
electronic applications require very
accurate measurements, one ex-
ample being a phased antenna
array. Accurate determination of
antenna patterns of phased arrays
requires the precise determination
of the phase characteristics of each
element of the r-f system.

A new phasemeter, operating in
the band from 100 to 500 Me, will
measure the phase between two
signals to within 0.2 degree for
c-w signals and to within 0.5 degree
for pulsed r-f in the same frequency
range. By changing the i-f fre-
quency, the same method can be
used down to 20 Mc; with suitable
preamplifying equipment, operation
up to X-band is possible, An im-

portant advantage of the new in-
strument is that no manual adjust-
ments are required after the initial
calibration. This is true even if the
phase difference varies over the full
360 degree operating range. The
output is in digital form, giving the
phase difference directly in degrees.

Basic Circuit

The basic approach to phase
measurement is shown in Fig., 1.
The two input signals, f, and (f, +
#), determine the phase between
two 90-Mc signals, which in turn
determine the phase between two
audio signals. The audio fre-
quency used is approximately 2.78
Ke, selected because one cycle of
this frequency equals 3,600 cycles
of the 10-Mc clock source. Thus
one pulse of the 10-Mc clock be-

i+ 6OMC+¢ 30 MC
CHOPPER
fa
90 MC+¢ 220MC +3MC e
PHASE
2] DETECTOR |,
130MCE3MC+¢
f2
PHASE 130 MCE 3 MC
"@ SHIFTER f3 fe
90 MC. 100KG
o, N
90 DEG |30 MC+90° 10 MC
"—"é@“c JOMC | Phase PULSE
SHIFT GEN
y
COUNTER
START_! GaTES || ~ aND +36
STOP DISPLAY
INTEGRATOR ] FLIP-FLOP |ug

FIG. 2—Simplified block diagram shows the method of phase measurement. Holding

tircuits for pulse measurements are not shown
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/<2.78Kc PHASED TO f;
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2.78KC PHASED
TO f; +¢

—¢

¥

.I\J

_d1q

D

|
START | STOP
COUNT 1 COUNT
PULSE PULSE

COUNTING INTERVALS

FIG. 1—Phase angle, ¢, between signals
being measured is maintained throughout
the heterodyning process. A 10-Mc counter
operates during the counting intervals

comes equivalent to 0.1 degree. The
phase relationship of the two input
signals, f, and (f, + ¢), is main-
tained throughout the heterodyning
process and the two audio signals
differ in phase by the same amount
as the signals being measured. Con-
trolled by zero-crossings of the audio
signals, pulses from the 10-Mec clock
are counted by the readout circuits,
giving the phase angle directly in
degrees and tenths of a degree.
Thus, for an angle of 45.4 degrees,
for example, 454 pulses would be
counted during the time between
successive positive-going zero-cross-
ings of the 2.78-Kc¢ audio signals.

The operation of the uhf phase-
meter is complicated by the neces-
sity for measuring phase differ-
ences of pulsed signals. If such
pulses were converted directly to
audio, only segments of each audio
cycle would be present, and such
segments might or might not in-
clude the required zero crossings.
This makes it necessary to measure
the zero crossings of the audio sig»
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CW or Pulsed UHF

Subassemblies are built on separate chassis, with plug-in construc«

tion. One of the i-f units is shown above

Phasemeter mounts in two relay racks, measures ¢c-w or pulsed r-f

from 100 to 520 Mc

nals resulting from two internally
generated, phase-controlled c-w sig-
nals rather than those from the
input signals themselves.

The simplified block diagram of
the system, shown in Fig. 2, does
not show amplifiers, attenuators,
etc.,, but does show all the opera-
tional steps. Since standing waves
can change the phase relationship
of the signals to be measured, the
input signals f, and (f, + ¢) are
first fed to precision 50-ohm match-
ing devices which minimize the
vswr. Next, each input is fed to a
variable attenuator where the sig-
nal level is set to the proper ampli-
tude for input to the preamplifiers.
These attenuators make it possible
to handle signals at levels from
—80 to 440 dbm. There is one
restriction, however: the difference
in amplitude between the two sig-
nals must be limited to 30 db. This
limitation occurs because one of the
two input signals must be used for
calibration. After calibration, am-
plitude changes of greater than 30
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db between the calibrating and ac-
tual signals cause phase shifts in
the preamplifiers. The signals are
then amplified sufficiently to estab-
lish a low noise figure for the sys-
tem. They are then heterodyned
with a stable local oscillator, f., to
produce 60-Mc i-f signals. The os-
cillator £, is adjusted manually until
the desired 60-Mc beat is obtained.

Phase Difference

The two 60-Mc signals are am-
plified and then used to establish
the phase difference between two
90-Mc signals. One 90-Mc signal is
obtained from a crystal oscillator,
f.. This same signal from f, is
mixed with a variable 220-Mc¢ =+
3 Mec oscillator f, to produce a
130-Me + 3 Mec signal. This signal
is passed through a phase shifting
network. The amount of phase shift
produced by this network depends
upon frequency, the difference be-
tween the phase shift for 127 Mec
and 133 Mc being slightly greater
than 360 degrees. The output of

the phase shifter is mixed with the
same 220 = 3-Mec oscillator to yield
the same 90-Mec signal but differing
in phase by the amount inserted by
the phase shifting network. It is
the same 90-Mc signal since f, has
been added. and subtracted. By con-
trolling the frequency of the 220-
Mc oscillator, the phase differ-
ence between the two 90-Me signals
may be made to be anything be-
tween 0 and 360 degrees. The phase
relationships are made clear in
Fig. 2.

When these 90-Mc signals are
beat against the 60-Mc i-f signals,
the result is two identically phased
30-Mc outputs. Each of these 30-Mc
outputs receives additional i-f am-
plification. One 30-Mc signal is
passed through a chopper, while
the other is given a 90-degree phase
shift. The two signals are then fed
to a phase detector. Regardless of
signal polarity from the chopper,
the phase difference between the
two signals normally is 90 degrees
and the output of the phase detector
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FIG. 4—Chopper ond phase detector develop voltage to control f;

is zero. Should the phase correction
be incomplete, the phase difference
will be more than 90 degrees (re-
sulting in a positive voltage from
the phase detector) in one chopper
position and less than 90 (resulting
in a negative phase detector out-
put) in the other chopper position.
Thus the phase detector puts out a
square wave for c-w input signals
or a series of alternately positive
and negative pulses for pulsed r-f
input signals, at the frequency of
chopper operation.

Error Correction

The phase detector output is ap-
plied to a boxcar detector which is
gated at the prf for pulsed r-f in-
puts or left on continuously for
c-w input signals. In both cases
the output of the boxcar is a square
wave. When the boxcar is gated,
the gating is controlled by a flip-
flop which is triggered by the de-
layed detected envelope of the r-f
pulse. The amount of delay is vari-
able to permit the boxcar to sample
the phase detector output at any
point in the r-f pulse. The error
voltage thus developed operates on
f. such that the phase difference
between the two 30-Mc signals is
always held at 90 degrees.

Two important features of this
phase control system should be
noted. First, because of the action
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of the chopper, the phase detector
output is a-c so that d-c drift is not
a factor in determining accuracy.
Second, the loop always corrects
until the phase difference returns
to 90 degrees so that accuracy of
the phase detector is only required
at this point and non-linearities in
the phase detector curve are unim-
portant.

Assuming that the phase correct-
ing loop is functioning properly,
two 90-Mc c-w signals are available
which differ in phase by exactly the
phase difference of the input sig-
nals. These two signals are hetero-
dyned with the output of a variable
oscillator, f;, which is controlled so
that the resulting audio signals
have a period corresponding to the
time of 3,600 cycles from a 10-Mc
oscillator—or approximately 2.78
Ke.

Pulses from the positive-going
zero-crossings of the audio signal
and timing pulses alternately trig-
ger a flip-flop which produces a
symmetrical square wave if the
audio frequency is correct. If the
audio frequency is incorrect, one
half cycle of the square wave is
longer than the other. This square
wave is integrated, giving a d-c
control voltage which shifts the
variable oscillator until the audio
frequency is correct.

The two audio signals are fed to

identical squaring amplifiers (not
shown in the block diagram), each
of which consists of a number of
cascaded differential amplifiers fol-
lowed by a differentiator and pulse
former. Each squaring amplifier
puts out a set of A pulses corre-
sponding to the positive-going zero-
crossings of the audio signal and a
set of B pulses corresponding to
the negative-going zero-crossings.
These pulses are fed to gates which
alternately permit first the A pulses
and then the B pulses to operate
the counter control gate. The con-
trol gate permits the counter to
count 10-Mc pulses between the ar-
rival of the start and stop pulses.
After counting between five sets of
A pulses and five sets of B pulses
the lock-out gate operates, stopping
the counting and permitting display
of the result.

It is possible for the squaring
amplifiers to be biased so that the
output pulses do not correspond ex-
actly to the zero-crossing of the
audio signals. In this case, for ex-
ample, the spacing between A pulses
might be too great and that be-
tween B pulses too little. These
errors are equal and opposite, how-
ever, so that by counting between
equal number of A and B pulses the
bias errors are cancelled and the
resulting count is correct.

The bias correcting technique
used in the counting circuit may
fail when the phase difference is
close to 0 or 360 degrees. The
correcting technique depends upon
averaging the count that is too
small with the one that is. too large
to obtain the correct result. Near
360 degrees the too small count is
slightly less than 360, for example
350 degrees. The too-large count,
however, being more than 360, has
recycled and is reading say 10 de-
grees, Averaging these gives an
incorrect result of 180. To provide
for this contingency, an ambiguity
resolution circuit is included. This

_circuit senses when the above situ-

ation might occur and causes the
short counts to be increased from
10 to 370 so that summing results
in a correct 360 (or 0) total.

The phasemeter also includes a
laboratory type oscilloscope which
permits examination of the two
2.78 Ke audio signals for detection
of phase jitter in the original sig-
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nals. The oscilloscope is also used
for checking waveforms throughout
the system.

Variable 90-Mc Oscillator

Figure 3 is a schematic diagram
of the variable 90-Mc oscillator—
f; of Fig. 2. This oscillator requires
a high degree of short-term sta-
bility while at the same time the
frequency must be capable of being
controlled by a d-c voltage. To sat-
isfy the stability requirement, a
General Electric type 7077 ceramic
triode is used in a crystal oscillator
circuit, at a fundamental frequency
of 18-Mc. The interelectrode capac-
itance and internal inductances of
this tube are stable so that fre-
quency changes due to drifts, etc.,
within the tube are minimized.

The crystal can be pulled about
2 Ke, which represents a 10-Kc
variation in the 90-Mc output fre-
quency. Since this oscillator oper-
ates approximately 2.78 Kc away
from the fixed 90-Me oscillator, the
range of variation is sufficient. It
was found that conventional fre-
quency control by a reactance tube
was not satisfactory since the
reactance tube contributed varia-
tions which changed the frequency
independently of the control voltage.
Frequency control is therefore
achieved by varying the d-c¢ voltage
on a voltage-variable capacitor C,
in the crystal resonant circuit.

The fifth harmonic of the basic
oscillator frequency is the desired
90-Mc signal which receives ampli-
fication and buffering by two addi-
tional stages before being fed to the
mixers. The 90-Mc fixed oscillator
f. is of similar construction except
for the elimination of the frequency
control circuit. The 220-Mc oscilla-
tor f, is similar except that a Clapp
circuit is used instead of the crystal,
permitting greater frequency swing
at the expense of less stability,
which is not of prime importance
in this oscillator.

Chopper and Phase Detector

The chopper and phase detector
unit appears in the schematic of
Fig. 4. The gate operates a Schmitt
trigger circuit, V,, which alter-
nately cuts off V, or V, by putting
a large negative voltage on the ap-
propriate suppressor grid. The in-
puts to the control grids of the two
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6AS6’s are the normal 30-Mc signal
and its inverted image. It was
found impractical to wind center-
tapped transformers with charac-
teristics of the push-pull output
sufficiently alike to produce iden-
tical but oppositely phased signals.
This goal was achieved, however, by
using two identical transformers
wound on ferrite cores,

The phase detector output must
be the same for a null (90 degrees
phase shift between signals) as
when one or both signals are ab-
sent to avoid confusing the phase
control loop when pulsed r-f inputs
are being compared. This precludes
the use of a 6BN6 phase detector.
It was also found that diode phase
detectors, balanced or unbalanced,
could not be made sufficiently accu-
rate. The most satisfactory tech-
nique was vectorially adding the
two signals by series transformers
and then amplifying and detecting
the resultant signal.

The ambiguity resolution circuit
is shown in Fig. 5B and the asso-

START
A 1
1
stop | 1
A —1 3,500 COUNTS, f+— 3504 SEC
§TART | 350 DEG |
B [l
I
sTop il |
B 104 SEC - 100COUNTS,
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] o—— 2004 SEC
Vs
— —— 200uSEC
(A)
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220K3> 27K

390pF| Dy
¥

STOP PULSE A

AAA

>
2470K

390pF 100k

.
:
o
:
L
Sad-b-
n

s .

/2 12807

(8)
FIG. 5—Ambiguity resolution circuits pre-
vent counting error when phase shift is
close to 0 or 360 degrees. Timing is shown
in (A); circuit in (B)

ciated timing diagrams in Fig. 5A.
The offsets of the sTOP A and sTOP B
pulses from their 360-usec positions
are caused by bias in the squaring
amplifiers. It can be seen that for
this particular situation (phase
difference near 0 or 360) half the
counts will be 350 degrees and half
10 degrees, giving an incorrect
average of 180 degrees., To prevent
this, first the bias is deliberately
altered so that the long count al-
ways occurs between A pulses. The
START A pulse fires a one-shot multi-
vibrator which produces a 200-usec
gate. This gate passes through a
cathode follower and diode D, and
raises the potential of the junction
of D.D, and the two resistors and
capacitor sufficiently so that the
STOP A pulse-triggers cannot pass
through D, This simple method of
inhibiting is also used in many of
the other control circuits associated
with the counter.

If the STOP A pulse occurs within
200 psecs of the START A pulse, no
ambiguity problem exists. In this
case the STOP A pulse is inhibited
and no further action is taken by
the ambiguity resolution circuit. If
the situation is similar to that
shown in the timing diagram, the
STOP A pulse is not inhibited and
triggers another one-shot multivi-
brator, which also produces a 200-
usec gate. Since the next sToP B
pulse is approximately 180 gsecs
from the sTOP A pulse, it will be
inhibited by this gate. Thus the
first STOP B pulse shown in the
timing diagram does not occur and
the counter continues until the next
STOP B pulse arrives 360 usecs after
the inhibited one. Thus five counts
of 350 degrees are summed with
five counts of 370, yielding a correct
360 reading.

The complete phasemeter,
mounted in two relay racks, is
shown in one of the photographs;
beside it is one of the i-f decks.

Design of the uhf phasemeter
was under the direction of W. Tal-
ley, assisted by K. Shen and the
author,

The entire development program
was performed under contract to
Sylvania Electric Products, Inc.
and appreciation is expressed for
the interest and support given to
this program by members of Syl-
vania’s technical staff.
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Measuring

Total Circuit Inductance

By SAUL RITTERMAN, Electronic Scientist, Picatinny Arsenal, Dover, New Jersey

THERE are applications in circuit
breadboarding where it is neces-
sary to know the value of the
lumped circuit inductance. Re-
sistance and capacitance can be
readily measured, but measuring
lumped cireuit inductance, espe-
cially at higher frequencies, pre-
sents some difficulty. A method
is described whereby the overall
circuit inductance may be meas-
ured quite simply and reasonably
accurately; the only equipment
necessary is an oscilloscope with
calibrated sweep velocities.

Method

The circuit under investiga-
tion is considered as a series cir-
cuit incorporating switch S as in
Fig. 1A. The capacitor C is
charged to V, volts and the
switeh closed. Depending upon
the relationship between the
values of resistance, capacitance
and inductance in the cireuit, the
resulting current flow will range
from an overdamped through
critically damped to an oscilla-
tory discharge. The three pos-
sibilites are as follows:

Overdamped condition
(R/2L)* > 1/LC

Currents (¢) = V,/L[(R/2L)*
— 1/LC]* x sinh [(R/2L)* —

when

1/LCIE t x &7/ (1)
Critically damped when (R/
2L)* = 1/LC
Current ¢ (t) = V,t/L X
exp [—t/(LC)*] (2)
Oscillatory condition when

(R/2L)* < 1/LC

Currenti (t) = V,/L [1/LC —
(R/2L)®]* x sin [1/LC — (R,
2L)2]} t X €-IH/‘.'I, (3)

Oscilloscope waveform shows ratio of
successive maximum as 6 to 2.5

!

CURRENT

FIG. 1—Diagram (A) represents equiva-
lent lumped-circuit inductance as L. Wave-
form (B) indicates ratio ii/i. to be meas-
ured

The oscillatory condition is of
greatest interest. If 1/LC >>
(R/2L)*? an accurate value of the
inductance may be obtained by
measuring the time for one eycle
of oscillation. (By an oscillo-
scope, for example). Take T =
27 (LC)* where T is the time of
one cycle. Since T and C are
known, or can easily be deter-

mined. the inductance is given by
L = (T/2=)*/C.

If the factor (R/2L)* is ap-
preciable compared to 1/LC, then
in solving for L this factor can-
not be omitted. Thus the simple
method just outlined is not valid
forr this case. However, the
numerical value of the induct-
ance can be derived by a less di-
rect method involving measure-
ments of successive maxima, and
the time interval between.

The general equation (3) de-
fines the damped sinusoid and
Fig. 1B represents such a wave-
form. For each successive
maxima, sin [1 'LC — (R/2L)*®}*
t = 1 and the equation may be re-
written for these maxima as
1 (t) = Kexp (—Rt,/2L), where
K = V,/L [1/LC — (R/2L)"}".

Evaluating the last equation in
terms of the successive maxima
gives 1, = Kexp (—Rt,/2L), and
1. = Kexp (—Rt./2L). Dividing
these two equations: 4,/i. =

exp [—R(t, — t)/2L] or In
(%,/i.) = RAt,,/2L where A t,, =
t, — t.. Thus, L = R At,/2In
(i /7).

The inductance value may now
be found since R is known, and
4,/1. as well as f,, may be obtained
from an oscillograph trace. Fig-
ure 2 is a graph of L and A ¢, for
a range of values of a, where «a
= R/2 In (1,/%.).

The oscillograph trace shows
the current in a series circuit
where the total resistance R was
0.8 ohms and the sweep speed of
the oscilloscope trace 20 x 10
sec/cm. From the graph and the
formula « = R/2 In (i/4.) =
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ELECTRONICS REFERENCE SHEET

0.8/2 In (6/2.5) = 0.46. value of L is given as 65 x 10~ in measuring (%,/i.). Neverthe-
Also from the graph, A ¢, = henry. The actual value of L was less, the error is fairly small and
140 x 10" sec. known to be 78 x 10~ henry, the the method is sufficiently accu-
Extrapolating from Fig. 2, the error is attributed to inaccuracy rate for breadboard work.
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FIG. 2—Inductonce volues ore provided by interpolation or extropolotion
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1300 to 2500 mc

FM SIGNAL GENERATOR

FAITHFULLY SIMULATES
TRANSMITTER PERFORMANCE
FOR SYSTEMS MEASUREMENTS

Superior FM characteristics, 1% deviation
linearity. Precisely calibrated output con-
tinuously variable 0 dbm to —110 dbm.
External modulation (to 500 kc) or CW out-
put. Wide tuning range, vernier, direct

reading.

Above are principal features of the
new Sierra 201B UHF FM Signal
Generator, specifically designed for
telemetry and data transmission ap-

plications in the 1.3t02.5 kmc range.

Brief specifications here give more
details; for full information and
demonstration call your Sierra rep-

resentative or write direct.

‘ & = .
: ‘ 4
TUN b oo v /
-~ Q Q. \.J] 3 . J
ST i T iyt e —— ---‘:%".-—;‘--":’”— ':“‘y_»" r ]
Sierra Model 201B FM Signal Generator ~—— 2
® SPECIFICATIONS
Frequency
Range: 1300 mc to 2500 mc in one band
Tuning: Separate vernier control for small changes in
frequency.
Stability: Drift not over 5 ke per minute.

Dial Accuracy

R.F. Output—~Calibrated
Level:
Output Accuracy:

Source Impedance:
R.F. Output—Auxiliary

Level:

Isolation:

Source Impedance:
Modulation

Internal Squarewave

AM:

External Frequency
Modulation:

cwW:

AC Power Requirement

Dimensions

1%

Continuously variable 0 dbm to —110 dbm.

Within = 3 db from 0 dbm to —20 dbm, = 1.5 db
from —20 dbm to —60 dbm, £ 1 db from ~60 dbm to
—90 dbm and * 3 db from —90 dbm to —110 dbm.
50 ohms, VSWR less than 1.6.

Non-adjustable, 0 dbm to —5 dbm.
Exceeds 30 db.
50 ohms, VSWR less than 1.3.

100% AM modulated by internally generated 800-1200
cps squarewave.

Deviation linear within 1% to 2 me, within 2% to 3
me. Response within 0 to —3 db, 100 ¢ps to 500 ke.
CW signals have spurious FM hum and naise of less
than 10 ke peak to peak.

117 volts &= 10%, 50-60 cps, 200 watts.

Height: 15%, in., Width: 19 in., Depth: 16 in.
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SIERRA ELECTRONIC CORPORATION

A Division of Philco Corporation

6096A BOHANNON DRIVE . DAvenport 6-2060 . MENLO PARK, CALIFORNIA, U. S. A.
Sales representatives in all major cities
Canada: Atlas Instrument Corporation, Ltd., Toronto, Montreal, Vancouver,
Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles
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RESEARCH AND DEVELOPMENT

Sun Sensor Orients Space Craift

STATIONARY sun-position sensor
could establish one axis of a co-
ordinate reference system on a space
vehicle. The system was described
by G. C. Anthony, IBM Airborne
Computer Laboratory, and F. A.
Boyer, Instrumentation Div,, I T &
T., at the 1960 Winter Convention
on Military Electronics.

The sensor consists of two
cubes, each having five faces
covered with a light-sensitive ma-
terial. It generates a signal propro-
tional to the amount of light energy
striking the face. The sensor
establishes light-source position re-
lative to the space craft by estab-
lishing a relationship between il-
lumination on three faces and the
vehicle position vector relative to
the sun.

The sensor could also provide in-
formation for ground computation
of vehicle attitude relative to. the
sun and for stabilizing solar cells
and scientific sun-sensing instru-
ments.

Requirements

Reliability will be a major factor
in interplanetary missions becatse
they will last a year or more. It
would be desirable to turn off navi-
gation equipment during most of
the trip using it only occasionally
to check position.

Since the vehicle will be injected
into an elliptical heliocentric orbit
with limitations on injection para-
meters, approximate location in the
solar system can be calculated at
any instant. In the heliocentric
orbit in Fig. A, nominal vehicle
positions have been computed for

SUN

INJECTION
POINT

POSITION AT 1?5

i K

(A)

VEHICLE
6

-
£/ z
(A)
By, CUBE B
'™ \
¥p1 y
b2
b2
VEHICLE €6 .
: CUBE A
]
| X
<A
[
%02 7 l
2q1."

(B

FIG. 2—Spherical coordinate system (A)
is fixed with respect to vehicle with sensor
surfaces (B) established relative to the
x, y and z axes

times ¢, and f.. The navigation sys-
tem verifies these positions by
celestial observations.
Conventional attitude - sensing
systems establish rveference co-
ordinates by setting up initial con-
ditions and continuously monitor-
ing changes. They provide no useful
attitude or position information
after periods of inoperation with-
out a search for reference objects.
By identifying an object of first
order brightness (the sun) and
knowing approximate vehicle posi-

VEHICLE

CONICAL SEARCH
ANGLE FOR PLANET

OR STAR SCAN THICKNESS

FIG. 1—Heliocentric orbit (A) shows how positions can be determined at times #; and t2.
Conical search pattern (B) locates second celestial landmark
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tion in the solar system, one axis of
a reference coordinate system is
established. Conical angle A in Fig.
1B between the line of sight to the
sun and a planet or star can be
determined from a celestial map. A
second axis of reference can be
identified by inaugurating a conical
scan to locate the second celestial
landmanrk.

Line of sight to the sun can be
established with the sun-position
sensor. To prevent vehicle shadows
from falling on sensor surfaces, a
cubic sensor is used on each side
of the vehicle. The sensor without
prior search identifies the position
of a light source relative to sensor
position in space. It gives instan-
taneous position identification of
the sun by complete coverage of the
entire celestial sphere and has no
moving parts to affect dvnamics of
the vehicle. Power consumption is
less than an inertial platform. Be-
cause of its simplicity and intermit-
tent operation, it is inherently
reliable. The axis reference re-
quires no previous attitude in-
formation.

Analysis

Relative position of the sun with
respect to the vehicle axes is
obtained by relating light energy
falling on each face of the cubic
sensor to spherical coordinates of
the sun position vector ». Azimuth
and elevation angles are # and ¢,
respectively. Rate information is
obtained by measuring instantane-
ous angular velocity of azimuth and
elevation servos or by noting an-
gular deviations between two suc-
cessive fixes in a given time.

The sensor in Fig. 2A is mounted
on the yaw axis with one cube on
each side. The spherical coordinate
system is fixed with respect to the
vehicle. Sun rays are assumed
parallel because over-all length of
the sensor is small compared to
radial distance from the sun. Vector
7 describes range to the sun, with
direction defined by asimuth # and
elevation ¢ angles. Angular polarity
is chosen by the right-hand rule.

Cubes A and B are in the posi-
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SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORATION, SOUTH NORWALK, CONNECTICUT
Call or write: Sperry Semlconductor, Wilson Avenue, SOUTH NORWALK, Conn., VOlunteer 6-1641; in NEW YORK Plaza 2-0885;
3565 W. Peterson Ave.,, CHICAGO 45, Ill., KEystone 9-1776; 2200 Fast Imperial Hlghway, EL SEGUNDO, Callf., ORegon 8-6226.

TUNNEL

TENTATIVE SPECIFICATIONS
(TYPICAL VALUES)
Ip/lv(min) Vpeak(m") V, alley(m")
—55 to 100°C.
—55t0100°C.
—55to 100°C.
—55to 100°C.

SPECIAL SAMPLE OFFER

Order 5 tunnel diodes (T101 or T102) for
$150, or request price on other types from
the nearest Sperry sales office listed below.

See us at IRE booth 2434
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AT RAYTHEON

Stokes high vacuum oven
installed in dry box at
Raytheon's Semiconductor
Division. Vacuum gages are
on top of dry box.

Transistor reliability improved
with Stokes High Vacuum Ovens

Stokes High Vacuum Ovens are featured in an entirely new method
of baking and processing transistors at the Semiconductor Division,
Raytheon Manufacturing Co. at Newton, Mass. Chosen because
they met the rigid requirements set by Raytheon engineers, these
ovens assure improved transistor quality and uniformity, more
stable electrical parameters and increased production.

Operating continuously 24 hours a day, the twelve Stokes ovens
consistently maintain the conditions demanded by Raytheon’s
closely controlled drying technique. Yet only one operator per shift

is required to attend six ovens.

If high vacuum is an impor-
tant aspect of your present or
planned process, Stokes’ long
experience in vacuum tech-
niques, and in designiné and
manufacturing high vacuum
equipment, can be of valuable
aid. Your inquiry is invited.

The Stokes Model 236 Vacuum Baking
Oven includes fully t tic instryu-
mentation,

Vacuum Equipment Division
F. J. STOKES CORPORATION

5500 Tabor Road, Philadelphia 20, Pa.
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tive and negative directions, respec-
tively, on the z axis. In Fig. 2B,
letter subscripts identify the sen-
sors, and surfaces normal to =z, ¥
and z axes have number subscripts
1 and 2 to identify faces normal to
positive or negative axes, respect-
ively. Luminous flux from the sun
in the small solid angle subtended
by one face in Fig. 3is F = I A cos
v/7* in lumens, where 7 is luminous
intensity of the sun, 4 is face area
and y is angle between the normal
to the face and the line between the
vehicle and the sun.

FACE CENTER

LINE JOINING SENSOR FACE
AND SUN {DISTANCE OF r}

CUBE FACE
OF AREA A

SUN /<NORMAL TO FACE

FIG. 3—Diagrom shows amount of lum-
inous flux intercepted by sensor face

Illumination E of the sensor face
is equal to the luminous flux in-
cident per unit area; hence, £ =
F/A =1 cos y/»* lumens/meter”’.

Having identified each face with
respect to body axes and having de-
fined spherical coordinates of the
sun with respect to these axes, the
system must then determine the
angle of incidence of the sun’s rays
on each face. Angles between the
sun-position vector and the a, ¥
and z axes are related mathematic-
ally to the spherical coordinate
angles ¢ and ¢.

Intermittent Recorder
For Distant Sferics

RECORDING system simultaneously
photographs randomly occurring
events displayed on an oscilloscope
screen and the precise time of each
event. The camera was developed by
the National Bureau of Standards
to record electromagnetic radiation
from lightning (sferics) propa-
gated over long distances.

Because a picture is taken only
when the camera is triggered by
the event to be photographed, film
consumption is reduced consider-
ably. Station WWYV synchronizes
the system with accuracy dependent
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only on propagation variables of
the time signal. A complete cycle
takes 7 millisec.

Operation

The rapid frame rate of the cam-
era is obtained with a high-speed
clutch between the film drive and
a continuously revolving flywheel.
Clutch actuation mechanism is sim-
ilar to a large electrodynamic
speaker. A pulse triggered by the
signal is applied to the cluteh part
corresponding to the voice coil. A
cone is driven into engagement
with the flywheel and rotates a
small drum in contact with the film.
Pulse length is such that rotation
of the drum pulls exactly one frame
of film past the lens opening.

Peuak power to the voice coil is
about 35 kw. Power surges of this
magnitude may be repeated at in-
tervals of only a few milliseconds
by using two capacitors and two
thyratrons in a series arrangement.
An 88-uf capacitor is discharged
through the voice coil by one thy-
ratron. After a short delay, it is
recharged from a 1,600-uf capacitor
by the other thyratron. Thus power
required to operate the system need
only provide average current suf-
ficient to maintain the charge on
the large capacitor at maximum
duty cycle.

Time Display

Event time is displayed by an
array of small neon bulbs that indi-
cate, in binary fashion. numbers
corresponding to hour and date.
The bulbs are illuminated by a
100-usec pulse. The timing circuit
consists of conventional decimal-
counting units arranged to count
from 10 usec to 31 days with the
count controlled by a precision
100-ke standard.

Each decimal-counting unit has
a binary output that is read out by
the same pulse that triggers the
camera. To prevent ambiguity in
readout if the binary output is
changing state, readout time is con-
trolled by the timer. The readout
is made by the first 100-usec pulse
following the event to be recorded.
Shorter times are resolved by time
markers on an oscilloscope trace
separated from the signal display
trace.
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They’re already reordering

CEC'S NEWEST
STRAIN GAGE
PRESSURE
TRANSDUCERS

And here’s why. ..

Users tell us that these small but rugged
transducers can really take it — even in the
most severe environments. They’ve seen
the high-performance 4-326 at work in such
demanding applications as rocket test
stands...they’ve noted that the new 4-327
has the best inherent performance
capabilities of any flush-mounted strain
gage product available.

The 4-327 measures high frequency
gage or absolute pressures to 5,000 psi.

The 4-326 covers a range to 10,000 psi. Both stand up to severe
acoustical noise and provide low acceleration response.

A precise, reliable performer that can be close coupled with an
engine, the 4-326 shows extreme stability at 1,000 g’s at
temperatures from —320°F. to +300°F. Its mounting insensitivity
is assured by an integral isolation pressure fitting.

For more information about the 4-326 and 4-327 — CEC’s finest
achievements in strain gage transducers — write today for Bulletins
CEC 1620-X8 and 1626-X4.

Transducer Division ‘ E

CONSOLIDATED ELECTRODYNAMICS / pasadena, california




COMPONENTS AND MATERIALS

Designing With Rotary Solenoids

By LEO ORLANDO, Field Engineer, G. H. Leland, Inc., Dayton, Ohio

WITH SPACE and weight savings be-
coming increasingly important,
rotary solenoids are achieving im-
pressively greater application in
the design of automation, communi-
cation and electronic equipment.
Essentially, solenoids convert
electrical pulses into mechanical
motion. Their principal parts are
the coil-core, or stator, which
creates an electromagnetic field,
and the armature, which is drawn
to close the field. The movement
of the armature produces work.
The space between the armature
and the core is the air gap. The
greater the gap, the lesser the effect

Almost solid steel and copper, this ball-
race, helical-type rotary solenoid has a
precision-wound coil that puts the maxi-
mum amount of copper into the allowable
space. This results in maximum power
output with minimum size and weight

The rotary solenoids like this one are used
in missiles, aircraft and satellites, ond
much of today’s electronic, automation
and i

ot
non quip
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of the magnetic field on the arma-
ture and, therefore, the lesser the
force of the armature toward
the stator. By the same token, the
smaller the air gap, the greater
the effect of the magnetic field on
the armature and therefore the
greater the force.

For this reason, in most solenoids
there is less pull-force created at
the beginning of the armature’s
movement, when the air gap is at
its widest, than when the armature
moves further into the magnetic
field and greater pull-force devel-
ops. Generally, most solenoids have
less work potential, by far, at the
beginning of the stroke than to-
ward the end of the stroke, when
the air gap becomes smaller.

Helical Rotary

A notable exception is the highly-
efficient ball-race rotary solenoid
developed by G. H. Leland Inc.,
Dayton, Ohio. Basically a straight-
pull unit with a very short air gap,
it has an armature supported by
three precision ball bearings in ball
races. When the solenoid is ener-
gized, the armature is pulled into
the coil. However, as the ball bear-
ings move down the compound in-
cline of the ball races, the arma-
ture follows the direction of the
ball bearings and moves in a rotary
motion.

In this conversion the incline of
the ball races is steep at the be-
ginning of the rotary stroke, when
the gap is widest, then gradually
levels off as the balls approach the
deep end of the ball races. This
transfers torque to the start of the
stroke, where it is usually needed,
and gives a virtually flat torque-
versus-stroke curve, (see Fig. 1).
In precision applications, such as
computers, commercial tape record-
ers, vending machines, waveguide
switches and aireraft communica-
tions equipment, where reliability
is essential, d-c solenoids are em-
ployed almost exclusively.

The ball-race rotary solenoid
gives maximum power output with
minimum size and weight. The coil

STRAIGHT~PULL FORCE ——»

ROTARY FORCE ~—

(%]

TART E
STROKE ——» N

FIG. 1—Helical-type rotary solenoids have
a force that is practically uniform during
the stroke. In straight-pull solenoids,
pivotal, or pure rotary types, that force is
low at the beginning of the stroke, but
rises sharply towards completion of the
stroke

is wound by a special precision
process that puts the maximum
amount of copper into the allowable
space and results in each Ledex
solenoid developing tremendous
force for its size and power input—
up to four times as much as or-
dinary solenoids. Yet a relatively
uniform torque curve is maintained
across the stroke.

This uniform curve is due to a
ball-race method that transfers
torque to the beginning of the
stroke, where it is usually required.
Virtually all the energy from the
motion of the armature is turned
into rotary energy.

The roller-cam rotary solenoid
also takes advantage of a complete
magnetic circuit with a single mov-
ing air gap.

In this case, when the coil is
energized, the armature is pre-
vented from rotating by member or
members. It travels in a straight
line into the coil and, as the air
gap is closed, axial forces are ex-
erted upon shaft rollers by the
cams. Since radial thrust bearings
restrict the shaft from axial move-
ment, the axial force is converted
to torsional force.

The ball-race solenoid requires
fewer parts than the more-expen-
sive roller-cam type, which may
account for its considerably longer
life and probably greater reliabil-
ity. In general, however, compared
to other solenoids both produce the
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Experlence—the added alloy in A-L Electrical Steels

.014 and .006 Strip

Higher permeability values now guaranteed

for Allegheny Ludlum’s Moly Permalloy

Means new, consistent and predictable
magnetic core performance

Molybdenum Permalloy nickel-iton strip is now available
from Allegheny Ludlum, with higher guaranteed perme-
ability values than former typical values. For the buyer,
this new high quality means greater uniformity . . . more
consistent and predictable magnetic core performance.

This higher permeability is the result of Allegheny
Ludlum’s intensive research on nickel-bearing electrical
alloys. A similar improvement has been made in AL-4750
strip steel. A-L continues its research on silicon steels,

WSW 7490

ALLEGHENY LUDLUM

STEELMAKERS TO THE ELECTRICAL INDUSTRY

Export distribution, Ele@®rical Materials: AIRCO INTERNATIONAL INC., NYC 17
Export distribution, Laminations: AD, AURIEMA, NYC 4

ELECTRONICS - MARCH 4, 1960

including Silectron, well-known grain-oriented silicon
steel, and other magnetic alloys.

Complete facilities for the fabrication and heat treat.
ment of laminations are available from Allegheny Ludlum.
In addition, you can be assured of close gage tolerance,
uniformity of gage throughout the coil, and minimum
spread of gage across the coil-width.

If you have a problem relating to electrical steels,
laminations or magnetic materials, call A-L. Prompt tech-
nical assistance will be yours. And write for more in-
formation on Moly Permalloy. Allegheny Ludlum Steel
Corporation, Oliver Building, Pittsburgh 22, Pa,

Address Dept. E-27.
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10
WATTS
OF
POWER...
from

" dc to 1 megacycle!

NEW from Krohn-Hite: this unique combination of power and band-
width! The Model DCA-10 direct-coupled amplifier allows you to
increase power of all sources from dc to one megacycle, without the
bother of changing amplifiers or bandswitching!

The DCA-10’s low distortion (0.1%) makes it the perfect comple-
ment for low-distortion, quality oscillators — for unexcelled per-
formance over the entire frequency range.

Output — to 300 volts peak to peak, to 600 milliamperes peak to
peak. Frequency response is flat within one db, from dc to 1 mec.
Stability is excellent for both output dc level and gain.

The Model DCA-10 direct-coupled amplifier provides high, distor-
tion-free power over the entire range from sub-sonic into radio-
frequencies. Twenty watts of push-pull power can be obtained from
two DCA-10’s cascaded, If this high-quality, flexible amplifier can
fill a need for you, write for full information.

Other Krohn-Hite amplifiers include the direct-coupled 50 watt
DCA-50, and the ultra-low distortion (0.005%) 50 watt UF-101A.
Also, Krohn-Hite Oscillators, Filters and Power Supplies.

See us at IRE Booth 3708-3710

KROHN-HITE CORPORATION

Pioneering in Quality Electronic Instruments
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580 Massachusetts Avenue « Cambridge 39, Mass.

highest torque-for-given-size and
perform more work in ratio to the
wattage input.

Depending on the type and size
of solenoid, the actuation speed will
run from one to 100 milliseconds.
Naturally, the time will be affected
by the load and the power input,
The greater the load of a given
unit, the slower the actuation with-
in the range of limitations. By the
same token, the smaller the unit,
the faster the actuation. Depend-
ing on coil, wire size, number of
windings, size of unit, and so forth,
operation of rotary solenoids can
be from two to 400 volts., The type
of coil to be used is determined by
the power source available, the
duty cycle, the torque requirements,
and the operating conditions.

Torque Requirements

Since virtually any wire size can
be used to wind the coil, there are
no problems in meeting these de-
mands. Torque requirements are
equally simple to meet, since the
range of torque available goes from
less than one gram-centimeter up
to 100 pound-inches.

Current requirements are ap-
proximately proportional to the
torque needed. For instance, if a
unit that is no larger in diameter
than 3} in. and no greater in depth
than 2} in. is to achieve 100 pound-
inches of torque with reliability, it
will require considerable current.

Solenoids can be made to meet
varied temperature specifications.
Basically, however, most solenoids
will withstand coil temperatures
up to 120 C, although 90 C is usu-
ally considered safer. Some sole-
noids feature a coil option that per-
mits coil temperatures up to 175
C. It is very probable that the de-
velopment of new high-tempera-
ture-resistant materials will result
in even higher temperature limits.

Solenoids can also be made to
cover a wide range of operation,
from highly-intermittent duty to
continnous duty. However, as a
solenoid progresses from intermit-
tent to continuous duty, a decrease
in torque can be expected. There
are some stalled-motor types of
rotary solenoids designed specifi-
cally for continuous duty, but they
rarely achieve a torque as high as
that available from such solenoids
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as the ball-race type.

In addition, as the temperature
increases internally, due to the
power input, and environmentally,
there is also a decrease in torque.

All these factors should be
considered at the outset—in the
design stage. To avoid possible
complications, the solenoid manu-
facturer should always be consulted
before a production design requir-
ing his unit is finalized.

Take-Offs

Strokes of practically any degree
of rotation are available within a
95 deg. arc. In general, the shorter
the stroke, the shorter the aiv gap
and the greater the torque.

The power in solenoids can be
harnessed in many ways. Most
common is the extension of a shaft
from either end, or both. The shaft
has a rotary motion, and a load can
be directly affixed, or a lever or
pin connected—either to the shaft
or to the load.

A load can be connected directly
to the armature of solenoids with
armature plates by using pins or
tapped holes. Floating-type
ratchets can be had also, resulting
in an indexing motor when both
ratchet and detent mechanism ave
used.

A natural outcome of s rotary
solenoid with ratchet drive mecha-
nism and detent is the rotary
selector switch—many types of
which are manufactured, all actu-
ated by a rotary solenoid and with
varying degrees of power-carry-
ing potential and versatility.

Tunnel Diode Sample

No bigger than the head of o match, and
holding great promise for applications in
missiles, satellites and ultra-high-speed
dota-processing systems, this RCA germa-
nium tunnel diode is among many now
being offered to the electronics industry
for experimental purposes on a commer-
cial sampling basis. The diodes can oper-
ate as amplifiers, mixers, or detectors
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WHAT'S
UP IN
WASHINGTON?

= =

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
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PRODUCTION TECHNIQUES

Jig holds 81 tab rings. Air pressure re-
stricts solution to tab area

Solder plating setup. Plating solution
drips onto anode swab, which applies
solution to jig

Brush Plating, Jig Speed Soldering

PRECISION SOLDER plating of transis-
tor tabs at high production rates is
accomplished at International Busi-
ness Machines Corporation’s Pough-
keepsie, N. Y., plant with a brush
plating method and an air-operated
masking jig. Plating is applied to
areas as small as 0.001 square inch
with a thickness tolerance of == 20
millionths.

Alloys of tin, lead, bismuth, gal-
lium or indium are applied to se-
lected areas of a ring 1% inch in di-
ameter, to which a semiconductor
wafer is subsequently fused in an
automatic furnace operation. Solder
was formerly applied by hand with
a fine soldering iron tip. The work
was tedious and quality control diffi-
cult. The solder must not contami-
nate the ring’s center hole.

Plating Process

Parts are electroetched to ensure
chemical cleanliness. Before plating,
parts and jigs are rinsed in running
water. Jigs hold 81 parts and are
loaded with the aid of a vacuum

Jigs are loaded with aid of vacuum probe

70

probe and magnifying glass.

The jigs are designed to expose
only the tab area of the rings to the
plating solution. Air pressure is

used to push a series of pins up
through the center holes of the
rings, masking the holes. The air
pressure also prevents the plating

Paper Patterns Print P-C Boards

g L5 v

-

Pins align paper negative of computer circuit with copper-clad laminate

PLASTIC-BACKED paper negatives are
used to transfer etched circuit wir-
ing patterns onto copper-clad epoxy
glass laminates, at Librascope, Inc.,
Glendale, Calif. The process reduces
alignment and damage problems
and insures dimensional stability of
the negative. Film negatives can be
stretched or shrunken by changes
in temperature and humidity, and
must be carefully handled to pre-
vent scratches and abrasions.
Librascope transfers the reversed

image of the circuit onto a thin,
translucent paper stock and bonds it
to a rigid plastic sheet. Use of the
plastic backing also permits another
innovation, alignment pins. All cir-
cuit board laminates are jig-drilled
with alignment holes at the corners,
before being sent to the printing
lab. Pins inserted in the corners of
the negative support correspond
with the holes in the board. The
pins hold the board firmly in align-
ment during printing.
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BIG FLOORS...

PRODUCTION ITEMS

Q

', .ﬁ/‘.e‘h"
VD 1= T
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COMPONENTS

A
see all there
is to see...

from TOP
to BOTTOM

BIG DAYS...

atthe IRE NATIONAL CONVENTION
and RADIO-ENGINEERING SHOW'!

It doesn’t matter /iow you manage it— by starting at the
fourth floor with Production Items, on to the third floor for
Systems and Instruments, then down to Two and One for
Components — or the reverse — what does matter is that you
sce ALL there is to see at the IRE National Convention and
Radio-Engincering Show at the New York Coliscum. March
21-24. You could even take in one floor a day! Remember,
there are 4 BIG FLOORS. .. and 4 BIG DAYS...so, plan
your trips to the Coliseum so that you don’t miss anything.

Wi«
e“s Mg
52 %

R'EMEM

Waldorf-Astoria Hotel

Thc opportunity to sce SO MUCH that’s
NEW in the radio-engineering field comes
but once a year with this giant IRE National
Convention and Radio-Engineering Show.
Be UP on your field with a thorough knowl-
cdge of the displays and exhibits that will be
shown as NEW IDEAS in RADIO-ELEC-
TRONICS, from the rop fourth floor to the
borrom first floor, at the New York Coliscum!

MARCH 21, 22, 23, 24
> The IRE NATIONAL CONVENTION | The RADIO ENGINEERING SHOW

Coliseum, New York City

The Institute of Radio Engineers ¢« 1 East 79th St, New York 21, N. Y.
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This 12-page booklet explains how the electrical or electronic product yox
make can be marked — at production speeds — with clear imprints that
hold. Are you looking for a way to mark odd shapes — a practical short-run
marking method — an ink that will hold on an unusual surface, or withstand
temperature, handling, moisture or other conditions? This catalog describes
machines, printing elements and inks that will meet your requirements in the
marking of products ranging from subminiature components to panels and
chassis. There are special sections with practical answers to color banding,
Underwriters’ Laboratories manifest label legend marking, tape and label
printing, wire and tube marking, efficient ‘“in-line’’ marking. For your copy
of the Markem Electrical Catalog, write Markem Machine Co., Electrical
Division, Keene 5, New Hampshire.

MARKEM

EVERYTHING INDUSTRY NEEDS ... FOR PROFITABLE MARKING ... SINCE 191}
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Jig in position on oscillating platen

solution from seeping down be-
tween the parts and the jig, com-
pleting the masking operation.

The Dalic electrodeposition proc-
ess, of Sifco Metachemical, Inc.,
Cleveland, Ohio, is used. This proc-
ess employs a carbon anode,
wrapped with a cotton swab satu-
rated with the appropriate metallic
plating solution, as a stylus. The
stylus is normally rubbed over the
surface to be plated.

Drip-fed Swab

IBM places the loaded jigs on an
oscillating platen under the stylus.
The platen moves the jig back and
forth and from side to side. The
stylus is rotated by an electric mo-
tor which indexes it about a quarter
turn every few seconds to equalize
wear on the cotton swab. A drip
feed supplies solution to the stylus.
Excess solution is channeled into a
container for analysis and possible
reuse.

The amount of metal deposited is
regulated by measuring the current
density through the associated Dalic
rectifier unit. Its ampere-hour me-
ter, graduated in 0.01 ampere-hour
increments, is set to zero before
plating begins. When the indicator
reaches a predetermined figure, the
desired thickness has been reached.

After plating, the fixture is re-
moved from the platen and rinsed
under water. Each tab is inspected
through a microscope for proper
plating. Defective parts are re-
moved from the fixture with tweez-
ers. The process can also be used to
apply other metallic platings, in-
cluding noble metals, zinc and iron.

Coding Teflon Wire

SPECIAL COLOR codes can be applied
to polyvinyl chloride-coated, Teflon-
insulated wires with ink containing
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a rapidly evaporating solvent.
Freon-MF (Du Pont) is used to
prevent color migration and soften-
ing of the pve. Colors are applied
by low-cost applicators manufac-
tured by Spectra-Strip Wire &
Cable Corp., Garden Grove, Calif.
Wire is immersed in a dye container
and rewound, for solid colors. Two-
color stripes are obtained by apply-
ing ink from two containers and
then twisting the wire.

Toggle Clamp Makes
Portable Punch Press

HAND PRESS made from a toggle
clamp is used at B/W Controller
Corp., Birmingham, Mich., to punch
mounting holes in 16-gage stecl re-
lay cases. Holes are punched after
the case is coated, since hole sizes
and locations vary.

A heavy duty plunger-type toggle
clamp (Model 650, Detroit Stamn-
ing Co., Detroit, Mich.) has a han-
dle extension and support braces
welded to the handle. The clamp is
mounted on a steel block supported
by short columns. A punch is
screwed on the plunger. A die but-
ton is placed in a locator block that
also serves as a platen to support
the case. A heavy-duty spring
slipped over the punch keeps the
handle in a raised position when the
press is not in use.

Welded handle extension gives punching
leverage

The press can be bolted to a port-
able table or bench and is light
enough to carry. Piercing force
generated exceeds 5,000 pounds.
Production speed is reported to be
about 100 cases an hour, due to
elimination of burrs and coating
chipping.
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Storage at
Less than
1V2¢ per bit!

with the
BRYANT Model 7508
Magnetic
Storage Drum

Bryant's new Model 7508 Magnetic
Storage Drum offersyou a convenient size
memory at extremely low cost-per-bit.
(Less than 1.5 cents per bit.)

This compact and efficient 7.5” diam-
eter by 8”-long drum is enclosed in its
own dust-tight cabinet. Complete with
connectors and isolator mounts. Overall

dimensions are 14” diameter by 16” high.

Standard Operating Parameters
include:
Bit Repetition Rate (Return to Bias):
Over 300 KC . Bit Repetition Rate (Non-
Return to Bias): Over 600 KC « RPM: 900
106,000 « Number of Tracks: 250 « Bit Ca-
pacity: 460, 800 . Bits-Per-Track: 3072 »
Design Life (at 6,000 RPM): Over 3 years
« Guaranteed Runout: Less than .0001”
TIR « Military Specifications: Compatible
with MIL-E-4158A and MIL-E-16400B.
For more information about the Model
7508 and other Bryant Standard Mag-
netic Storage Devices, from 7500 to
75,000,000 Bits, write to Bryant Com-
puter Products Division, P.0. Box
620, Springfield, Vermont.
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On The Market

\
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D-C Power Supplies
solid state

DELTRON INC., 2905 N. Leithgow
St., Philadelphia 83, Pa. The PI
series are miniaturized all solid
state power supplies ideal for
built-in applications requiring re-
liable sources of regulated power
in a small convenient package.

Models PI82, PI241 and PI50.5
cover every voltage in the range of
from 1 to 50 v, adjustable over a
1 v band. Current ranges up to 2
amperes are available from these
units. Other PI models cover volt-
age ranges up to 100 v, some with
limited adjustment, others with
wide range adjustment.
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Magnetic Shield
for resolution

MAGNETIC-SHIELD, division Perfec-
tion Mica Co., 1322 N. Elston Ave.,
Chicago 22, Ill. NeticCo-Netic mag-
netic shield assures maximum reso-
lution for Hughes H-1010AP20
Tonotron storage tubes and beam

display tubes. Shield is nonshock
sensitive, nonretentive and does not
require periodic annealing. Tubes
may be potted and located to other
black-box gear for miniaturization.
Potting allows tube operation at
altitude to 70,000 ft. Prices range
from $85.00 to $120.00 per unit.
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Slip Ring Assemblies
expanded line

BREEZE CORPORATIONS, INcC., 700
Liberty Ave., Union, N. J., has ex-
panded its line of standard slip ring
assemblies which now includes seven
sizes of flat ring assemblies with
ring enevlope diameters ranging
from 1 in. through 10} in. Assem-
blies are of fabricated construction
to provide the maximum resistance

to shock, vibration and environ-
mental conditions and to permit the
addition of rings when required.
Rings are hard silver and brushes
are silver graphite. The flat, stacked
assembly with rings mounted above
and below each barrier provides the
maximum number of rings in the
shortest axial length for rated ca-
pacities. Assemblies can be stacked
to produce a multiple unit.
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Coil Winder
controlled unit

GEo. STEVENS MFG. Co., INC., Pu-
laski Rd. at Peterson, Chicago 46,
Ill. New medium-range winder for
multiple-winding heavy-duty trans-
former, bobbin and field Ccoils.
Model 650-AM has selective stop-
ping for transformer winding,

emergency stop for use if wire sup-
ply is exhausted or if wire breaks,
instant spiral/rapid traverse,
heavy-duty positive locking tail-
stock, positive stopping magnetic
brake, instant reset counter. Drive
is 3 h-p 2207440 3-phase motor.
Fixed winding speed is 150 rpm
with acceleration clutch controlled.
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Acceleration Switch
multilevel device
INSTRUMENTS DIVISION, The W, L,
Maxson Corp., 475 Tenth Ave., New
York, N. Y. Model 200 unidirec-

tional, single-axis switch is capable
of successively closing four inde-

74

pendent electric circuits with a
common point, in response to preset
acceleration levels. Small size and
weight make it particularly suitable
for use in aircraft and missile con-
trol, measuring and indicating de-
vices. Unit consists of a gas damped
seismic system with a range of 1
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electronics
BUYERS® GUIDE
and REFERENCE ISSUE

new electronics BUYERS’ GUIDE

When designs call for products in the field of elec-
tronics, the Guide solves problems in advance.

There’s a 64-page reference section with up-to-the-
minute data on markets, materials, components and
applications to make product selection easier.

You’ll find detailed facts about the products of nearly
700 advertisers — that’s 422 more than you’ll find in

@ @

ELECTRONICS - MARCH 4, 1960

any other similar guide.

Also local sales offices of manufactiurers . .. the names,
addresses, and phone numbers of representatives . . .
complete lists of manufacturers . . . registered trade
names . . . and, of course, the most complete list of elec-
tronic and related products. Tells you what you need to
know when vou are ready to buy.

A McGraw-Hill Publicoation ® 330 West 42nd Sireei, New York 36, New York
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the (cLEVITE) roporter |

. News and Technical Data on Piezoelectric and Magnetic Components

-

TRANSFILTERS' AID SELECTIVITY
IN HEATHKIT "MOHICAN"

Heathkit’s new ‘““Mohican’ portable
communications receiver uses Clevite
“Transfilters” to improve i.f. selectivity.
The radio covers 550KC to 30 mc—
quite a range for an all-transistor unit.

Two “Transfilter” interstage couplers
(TO-01A) pass 455KC and couple the
1st and 2nd and 2nd and 3rd i.f. stages.
Two emitter bypass “Transfilters”
(TF-01A) are used instead of conven-
tional capacitors. The TO-TF combi-
nations help give the “Mohican”
excellent selectivity among remote sta-
tions broadcasting over the wide band
covered.

*"Mohican” Printed Circuit Chassis

Heathkit® “Mohican'

Clevite “Transfilters” have pared up
to 50 cents in parts cost from transistor
receivers. They are small, rugged units
with real performance advantages over
conventional LC components. Clevite’s
factory or field sales engineers can fill
you in on specifications and circuit
application data. The TF-01A and TO-
O1A are standard items, and sell for 30
and 35 cents in 10,000 lots. Samples are
one dollar. You can buy a ‘“Mohican”
Kit from Heath Co. for $99.95 or from
its distributors at a slightly higher price.

Transducer Element is Critical in Ultrasonics

In ultrasonics or sonar nothing helps
like starting with the right transducer
element. Should it be crystal or ceramic?
Do you require a high ac drive element
(like “PZT-4") or a highly sensitive
pickup device (such as ADP)? Do you
want a disc or tube? Will special elec-
trodes simplify your device?

Start asking yourself these questions

while your transducer design is on
paper. Then ask Clevite to supply you
some experimental transducer elements
and engineering data. Our engineers
may not have all the answers, but some
that they have you can’t get anywhere
else. Send today for the bible of the
ultrasonic industry—*Piezotronic Tech-
nical Data” and our new bulletin
“Modecrn Ceramic Shapes”.

VISIT BOOTH 2622, IRE, MARCH 21-24, N.Y.C.

Clevite Products Include 3

Magnetic Heads ¢ Ceramic Filters « ''Transfilters”
Piezoelectric Tranducer Elements ¢ Accelerometers

CLEVITE ELECTRONIC COMPONENTS

3405 Perkins Avenue « Cleveland 14, Ohio

East brange, N. J. » Chicago, Ill. « Inglewood, Calif.

76 CIRCLE 76 ON READER SERVICE CARD

division of

CLEVITE

to 10 g, an accuracy of =*=0.1 g,
repeatability of within 0.1 g, a
damping ratio of 0.8 of critical and
temperature range of —60 to +250
F. Switch is normally open single
pole, four steps, with contact rat-
ings of 100 ma each.
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Multicoders
silicon solid state

GENERAL DEVICES, INC., Princeton,
N. J. The SL series multicoders for
airborne, missile and space vehicle
applications can sample up to 88
low level differential data inputs.
It is available in single speed. or
multiple speed models capable of
providing all standard IRIG sig-
nals pam, pdm and record in 30 to
90 channel formats at speeds 1123
to 900 samples per sec. selectable
by inserting the appropriately
wired mating connectors. Separate
outputs are provided for standard
pam signal with master pulse,
standard pdm, and differentiated
pdm (record) output. Accuracy of
3 percent is claimed for signals of
10 mv amplitude full scale.

CIRCLE 306 ON READER SERVICE CARD

)
—

Delay Line
ultraminiature

CoNTRrROL ELECTRONICS Co., INC., 10
Stepar Place, Huntington Station,
L. I, N. Y, announces a new mag-
netostrictive delay line that enables
range markers to be generated in
the video section of the radar for
calibration purposes. Model FM-
1080 provides the first video pulse
output at precisely 3.050 usec fol-
lowed by 6.10 usec echoes. First
marker output level is 25 mv. It
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has a 1 db pulse decay and input/
output impedance of 1K ohm.
Weighing only % oz, it has a diam-
eter of 0.25 in. and is only 1.2 in,
long.
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Plotting System
displays, records

WALDORF ELECTRONICS, 360 Wolf
Hill Road, Huntington Station, New
York. New plotting system displays
and permanently records target
movement information derived
from an AN/MPQ-29 radar set.
System is comprised of two vertical
plotting boards, a computer console,
and a coordinate converter. Radar
shaft inputs of slant range, eleva-
tion angle and azimuth angle are
converted into ground range co-
ordinates in X and Y and fed into
the computer console. The computer
channels the ground range signals
to the plotting boards. Each board
displays the ground track of the
target on a 30 by 30 in, plotting
surface.
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Pulse Generator

simple circuitry
ELECTRO-PULSE, INC., 11861 Teale
St., Culver City, Calif. Model 4120B
pulse generator is a compact source

of medium power, fast rise time,
single or recurrent pulses. Instru-
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MAIL THIS

FREE ANALYSIS

OF YOUR SMALL METAL PARTS
WELDING PROBLEMS

5400 Pigtails Assembled and Welded per Hour!

PROBLEM: join copper pigtails to brass resistor caps at highest possible
rate, lowest possible cost, and with maximum production efficiency. The
method previously used was mechanical staking which resulted in inferior
joining.

SOLUTION: a Raytheon Welding Analyst recommended — and Raytheon
designed and built — a fully automated precision welding system.

RESULT: pigtails welded at the rate of 5400 per hour, with consistently
excellent electrical, electromechanical and en-
vironmental characteristics.

HOW YOU CAN BENEFIT:

If you have a small metal parts joining problem,
see your Raytheon Welding Analyst. He will be
happy to help you—without cost or obligation. Mail
the coupon below for full details.

TO: RAYTHEON COMPANY
COMMERCIAL APPARATUS AND SYSTEMS DIVISION

MANCHESTER, NEW HAMPSHIRE

[J Please send me literature on Raytheon Welding
Systems,

[ Please have a Raytheon Welding Analyst contact me.

OUPON
c o My problem is: (describe metals, thicknesses, type of
FOR FREE part, etc.)
ANALYSIS
—without
cost or
obligation. NAME
: COMPANY_-
1 ADDRESS.
! CITY. STATE
I I T I L T T r T r Y T rrYr
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ment features variable control of
repetition rate (500 Kc to 0.5 cps),
rise time (0.03 to 0.5 psec), main
pulse delay (0.05 to 10,000 usec)
and main pulse width (0.1 to 10,-
000 wpsec). Output amplitude is at
least =35 v into 100 ohm load (50
v positive—90 v negative open cir-
cuit), stabilized against line volt-
age change by use of regulated
power in output stage. Overshoot
and top slope optimizing adjust-
ments also provided.
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Latching Relay
long life

BABcocK RELAYS, INC., 1640 Mon-
rovia Ave., Costa Mesa, Calif. Per-
formance characteristics of the BR-
7A electrical latching relay include
shock to 50 g, 11 millisec. Life is
said to be capable of over 200,000
operations at the extremes of con-
tact load (10 amperes) and tem-
perature (125 C) with over 350,000
operations under full load at room
temperature.
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Teflon Terminal
high-torque

SEALECTRO CORP., 610 Fayette Ave.,
Mamaroneck, N. Y. Type ST-250L4
high-torque Press-Fit terminal is
of the dual-turret design permit-
ting two termination positions with
holding collars. It is especially ap-
plicable in installations requiring
beyond-the-usual ruggedness in
both assembly procedure and under
operational conditions. It is de-
signed for a maximum chassis
thickness of 0.110 in. A mounting
hole of 0.158 in. =0.002 in. is re-

quired. Terminal height above
chassis is 0.406 in. Terminal solder-
ing lug is 0.062 in. in diameter with
holding collars measuring 0.125 in.
diameter. Turret heights for wire
terminations are 0.093 in.
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SSB Converter
self-contained

THE HAMMARLUND MFG. Co., INC.,
460 W. 34th St., New York 1, N, Y,
SPC-10 converter, when used with
any standard communications re-
ceiver, provides complete ssb recep-
tion. or AM/MCW. It connects elec-
trically into any communications
receiver having an i-f frequency
between 450 Kc¢ and 500 Kc. The
connection is made from the con-
verter to the i-f amplifier of the
receiver. SPC-10 provides all types
of modern tuning modes. All fre-
quency controls are calibrated in
Kc from the center of the passband.
Seven selectivity positions permit
slicing of exact portion of the pass-
band desired from 0.5 to 6 Ke.
CIRCLE 363 ON READER SERVICE CARD

TRADE MARK

TRANSISTORIZED
POWER CONVERTERS
AND INVERTERS

When you need something special in the way of small,
extremely efficient (and possibly peculiarly-shaped)
power supplies, Spectrol is your source.

Spectrol’s Transidyne units offer more options, more
exclusive features. Spectrol engineers will design

to your specs, including size and shape. You can get these
rugged converters or inverters with multiple
outputs, high power ouputs, including sine wave
...and up to 4 watts/ cu. in. output!

You will find Spectrol uniquely qualified to meet
your special needs for power sources.

Transidyne units reflect the same know-how which
has made Spectrol the leading supplier

of precision potentiometers and mechanisms.
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Round Drawn Cases
to house components

OLymric Propucts Co., INC., Alpha,
N. J., has introduced more than 200
new standard sizes of round drawn
cases made from aluminum, copper,
steel, brass, and mu metal. Espe-
cially designed to house electronic
components, they range in size
from 3 in. to 3 in. in diameter and
lengths up to 4 in.
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Full Wave Bridge

silicon rectifier
GATES ELECTRONIC Co., 1705 Tay-
lor Ave., Bronx, N. Y. Model G6S6
is a 1% in. by 1§ in. by % in, silicon
rectifier full wave bridge weighing

1 oz which exhibits the following
characteristics : maximum piv 600 v,
supply voltage with resistive or
inductive load 420 v, capacitive
load 210 v. Rectified forward cur-
rent for a resistive load 1.5 amperes
maximum, and for a capacitive load
1 ampere maximum.
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Electronic Filter
linear phase shift

DyNaMics INSTRUMENTATION Co,
1118 S. Mission St., South Pasadena,
Calif. Linear phase shift (constant
time delay), 36 db per octave ter-
minal slope, and cut-off frequency
selectable in tenth-decade steps from
10 cps to 80 Kc are features in the

model 1660 electronic filter. Unit is
ideally suited for filtering random
signals with the least information
distortion in the allowed bandwidth.
Instrument has 100 K input im-
pedance, 1 ohm output impedance,
and the filter characteristics do not
change with loading (either high-
pass or low-pass operation). Each
filter has an individual fully-isolated
power supply, voltage steps from
0.1 to 1.0, and 0.1 percent linearity.
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Ku-band Diodes
low noise figure

SYLvAaNIA ELECTRIC Propucts Co.,
INC., Woburn, Mass. Matched-pair
Ku-band silicon microwave diodes,
types 1N78D and 1N78DR, make
possible low over-all noise figure in
mixer applications such as radar
and missile systems. Available in
both forward and reverse polarities,
when used in matched pairs local-
oscillator noise is practically elimi-
nated and a receiver system with

TO YOUR SPECS!

TYPICAL PACKAGE CONFIGURATIONS
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WHAT IS //1 e’
Transidyne units are solid state devices
which convert ac or dc input voltages

to ac and/or dc outputs of different voltage
levels or frequencies. Typically, a

dc input voltage can be converted to

ac sine wave output voltage having

a frequency of 2,000 cps.

Small and lightweight, Transidyne
equipment completely replaces motor-
generator and vibrator type devices...
having greater efficiency. They are used in all
types of military and commercial

electronic and electrical devices requiring
rugged, reliable power supplies.

Let us quote on your special power
source requirements. Call your nearest
Spectrol representative, or write us
direct. Please address Dept. 18-3.
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JACKPOT...

for circuits needing

=

compensation

L]
L

' FER
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This is the day to hit the jackpot — piled high with prac-
tical solutions to problems arising from the use of complex
circuits to compensate for temperature and voltage, FXC
Thermistors and Varistors not only outmode the use of
complex circuits, but make possible a more precise control
of both temperature and voltage.

FXC Thermistors — available in a full complement of val-
ues in miniature, bead, rod, vacuum and disc types — pro-
vide ideal resistors, having a negative temperature coeffi-
cient of resistance for almost any application.

FXC Varistors, including rod and disc types, have a negative
voltage coefficient of resistance that decreases as applied
voltage increases.

Both can be used not only as the basis for controllers of
temperature and voltage, but for compensation in any elec-
tronic circuit requiring precise control. Complete technical
and sample kit information supplied on request.

Say ferroxcube
when you need
thermistors and

varistors,
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ROXCUBE

‘ CORPORATION OF AMERICA
S50 East Bridge Street, Saugerties, New York

7.5-db over-all noise figure is real-
ized at 16,000 Mc. The devices have
a maximum operating temperature
of 150 C and a complete hermetic
seal for protection under severe en-
vironmental conditions.
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Ribbon Coax Cable

saves space

TiMES WIRE AND CABLE Co., INC,,
Wallingford, Conn. Ribbon multi-
coaxial cables save space in duct and
trough installations over the usual
round, multiconductor cables. It is
ideal for use in modular and p-c
applications. Faster access to in-
dividual cables permits easier,
neater terminal connections. The
ribbon design also lends itself to
roll-out chassis construction in
which the cable connections are
made through “window-shade type”
roller techniques. Present facilities
accommodate up to 25 conductors
in a single cable.
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Frequency Multiplier
multiband

BARKER & WILLIAMSON, INC.,
Bristol, Pa., makes a compact fre-
quency multiplier with bandswitch-
ing for the 80-40-20-15 and 10
meter bands. Unit operates on a 6
to 10 v r-f supply within the fre-
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ONE

FOR

GOOD
MEASURE!

You're always sure to be on the right track

when the job is done by

FrUSkralke mac*
miniaturized — automatic

CHART RECORDER

Send today for complete specification sheet and prices.

W

industrial co., inc.
130 SILVER STREET
MANCHESTER,

*Miniaturized Automatic Chart Recorder

ONLY $79.50

DIMENSIONS:
358" w x 5%" b

Jim Leeds wanted to check for electrical
interruptions in equipment. A twenty-four
hour vigilance on each unit was impractical
— required increased manpower and ex-
penditures. Upon extensive investigation,
Jim found most automatic checking equip-
ment cumbersome and expensive. What was
the answer?

Jim found it in the amazing new
palm-sized Rustrak® MAC *the Minia-
ture Automatic Chart Recorder. With
an accuracy of 29, it compared
favorably with units costing 5 times
its price. It recorded all interruptions
with a continuous, distortion free line
on a smudge-proof chart giving him
an accurate, continuous record of
any intermittence,

The new Rustrak® MAC? Miniature Auto-
matic Chart Recorder is solving hundreds of
recording problems accurately and inexpene
sively.

it can do the same for you.

H.
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60,000 : QE
.S@°

¢ ELECTROSTATIC SPRAYING or FLOCKING
o CABLE and DIALECTRIC TESTING

© PARTICLE SEPARATION or DEPOS ITION
o ELECTRON MICROSCOPY

o CRT DEVELOPMENT and OPERATION

VOLTS, DC

. QUL

5 Milliamperes

Compact, oil insulated power
supply designed for safe conven-
ientoperation by engineer or tech-
nician. Reliable enough forind-
ustry, versatile enough for the
laboratory.

Fully instrumented power supply,
designed for maximum personnel
and equipment protection.

Selenium rectification insures long

- . . reliable operation.
Specialists in High Voltage P
High voltage components are oil-

1 KV to 250 KV
L immersed for minimum coronagen-
---Send us your specifications==~  eration and compact con struction.

Model KV60-5,............ $1195.00

2 MANOR HOUSE SQUARE
YONKERS,N. Y,

kILOVO LT CORPORATION Y Omerns 53615
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Mafon) -

advancement
in instrument
design

SR\ 177
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MEDALIST* null indicators

READABLE ... WIDE RANGE SENSITIVITY

Modern MEDALIST design provides far greater
readability and modern styling in minimum space.
Unique core and magnet structure provides Y2 va/mm
sensitivity at null point with sharp square law at-
tenuation to 100 va at end of scale in Type A. Inter-
nal resistance is 2000 ohms. Other sensitivities
available, ASA/MIL 22" mounting. Standard and
special colors. Bulletin on request. Marion Instrument
Division, Minneapolis-Honeywell Regulator Co.,
Manchester, N.H., U.S,A. In Conado, Honeywell Con-
trols limited, Toronto 17, Onforio.

Visit us at Booth 2202 at | R E Show

Honeywell

P :::uue THE run.m;ﬂH‘l "ﬁ'-lét W Co«ﬂol,

BINCE 1888
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FACTORY FRESH
CERTIFIED PRECISION

APPCO PRECISION STOCK GEARS

32 TO 120 PITCH...A.G.M.A. PRECISION #1,2& 3
SEALED IN PLASTIC...DIRT AND SCRATCH-FREE

Made to exacting specifications. Held to tolerances which are
Certified to precision-fit standard instrument bearings, shafting,
etc. Then sealed in plastic free of dust, dirt or corrosion on a
shipping tray which identifies each individual gear. The unsur-
passed accuracy of APPCO Precision Gears arrive at your plant
“factory-fresh'’ ready to use on the most critical assemblies.

APPCO Certified Precision Stock Gears are available in 32, 48,
64, 72, 96, and 120 diametral pitches of 14% ° and 20° pres-
sure angles. Spur gears, pin or clamp hub type . . . flat or hubless
. . . anti-backlash. Each is Certified to meet or surpass A.G.M.A,
specifications. For complete technical data and catalog write to. ..,

ATLAS PRECISION PRODUCTS
COMPANY

Div. Prudential Industries, Inc.
Castor & Kensington Avenues
Philadelphia, Pa.
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quency range of 3,350 to 4,000 Kc to
produce desired fundamental on
80-40-20-15-10 meter  amateur
bands. Input to the first multiplier
stage may be from an external
crystal controlled oscillator. or suit-
able vfo. Model 504 C may be used
as a driver for high powered class
C or linear amplifiers and as a low
power transmitter on either phone
or ¢-w when equipped with suitable
power supplies, modulator and ex-
citation.
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Wire Stripper
thermal type

WESTERN ELECTRONIC PRODUCTS
Co., 655 Colman St., Altadena, Calif.
Model G thermal wire stripper fea-
tures a continuously variable heat
control for precise temperature ad-
justment required in stripping vir-
tually any size or type of plastic-
insulated wire. Designed for pro-
duction-line operation, it can be
used either as a bench-operated tool
or held in the hand for use in inac-
cessible locations. Stripper uses
two parallel heating elements to
quickly sever plastic insulation and
provides a pincers action to remove
it with a slight pull. Since no sharp
cutting edges are used, there is com-
plete freedom from cut or nickel
wires. Price is $69.50.
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Linear Motion Pot
Y2 by 1V in. overall

COMPUTER INSTRUMENTS CORP., 92
Madison Ave., Hempstead, L. I,
N. Y., announces a new addition to
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its line of linear motion pots.
Length of the unit is 1 in. greater
than the stroke desired. Strokes are
available from % in. to 3 in. Model
112 contains two completely inde-
pendent elements, either or both of
which may be linear or conform to a
desired function. Where taps are
desired, as many as 4 per in. per
element may be supplied. Linearity
is 0.2 percent of length of stroke;
resistance range, 250 ohms to 125
K ohms per in, of stroke; virtual
resolution, 1/35,000 per in, of
stroke; wattage, 1 w per in. of
stroke; temperature range, —55 C
to +150 C. Life rating is up to 30
million strokes depending on cir-
cuitry.
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Generating Set
no-break

R. H. SHEPPARD Co., INC., Hanover,
Pa. When city power frequency
drops to 97 per cent of normal
value, or voltage to 98 percent, a
new no-break generating set auto-
matically takes over with no break
in power. It will find many applica-
tions in the electronic and communi-
cation fields where even momentary
power interruptions can damage
costly equipment or interrupt vital
services. The no-break generating
set consists of the Sheppard Diesel
engine, a generator and a flywheel,
mounted on a common I beam base
with generator located between en-
gine and flywheel.
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High Power Sources
ultra-stable

LABORATORY FOR ELECTRONICS, INC.,
1079 Commonwealth Ave., Boston
15, Mass., has added three high
power sources to its line of ultra-
stable microwave oscillators. Model
814-S-31 covers a frequency range
of 3,700 to 4,300 Mc and delivers

ELECTRONICS + MARCH 4, 1960
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Millions of tiny parts are made
from shaped, special alloy wire

.. . supplied by LFA in precision sizes,
round -square -flat-rectangular shapes

Tons of beryllium copper, bronze and other special non-ferous
alloy wire today provide millions of tiny formed parts for industry.

Modern production applications (printed circuit, spring, connectors,
terminals, tabs) require all types, shapes and finishes (solder
dipped and plated, etc.) of special alloy wire for production of
miniature and sub-miniature formed parts.

These new production techniques reduce costs,more importantly,
are a guarantee of better quality control, positive size holding
and elimination of finish problems.

Silvercote @

phosphor bronz

BERYLLIUM COPPER

e

o aw Ry
R

ALUMINUM

i

0 pider Dipped pd

LITTLE FALLS ALLOYS, INC.

194 CALDWELL AVENUE, PATERSON 1, NEW JERSEY
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NEW IDEAS FOR SALE!

FIND WHAT
YOU NEED IN...

Words and pictures tell you about the top new
product ideas each week in “On the Market”.
Who makes ’em and what they’ll do for you.
Easy way to keep in touch with the latest
and best.

Another reason why it will pay you to sub-
scribe to electronies (or renew your subserip-
tion) right now. Fill in the box on Reader
Service Card. Easy to use. Postage free.

electronics
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The most flexible and moderately
priced transistorized carrier
amplifier system on the market

For high frequency studies of
e PRESSURE e FORCE e MOTION e STRAIN

Carrier Amplifier Systems and Components
Amplifier Modules with or without internal DC and AC

power sources
Oscillator and DC power supplies—modular or rack-
mounted—Matching mounting hardware

Outline Specifications

e 20 KC Center Frequency
(other frequencies available)
@ Sensitivity: Imv maximum

e Input Impedance: 450 ohms 1
(full bridge) than carrier

® Output: + 50 ma into 50 ohm o Adjustments: Calibration, at-
load - tenuation, resistive and reac-
® Linearity: + 1% tive balance, gain control,
® Ambient Temperature: 32° to reference phase, etc.
125°F

Other Electronic and Instrumentation Products
e Servo Amplifiers e Digital Plug-In Circuits

e Controllers e Analog Plug-In Circuits
o Power Supplies e Electronic Hardware

® Frequency Response: DC to
3KC+1%

o Noise: Less than 2uv referred
to input at frequencies less

For Complete Information contact Plug-In Instruments, or any of
these representatives:

Berndt & Associotes
Glencoe, lllinois

DuBovy Associates

The Satullo Company
Royal Oak, Mich.
Cleveland, Ohio

J. S. Kempf Company
Inglewood, Calif.

Ridge Instrument Co.

i i Cincinnati, Ohio
Y. N '
:I:;{lslf";r:a?il:lnes Co LI LG Pittsburgh, Penna.
illi b
Towson, Md. Robert B. Stockdale Assoc.
Aflanta, Ga. Houston, Texas

Orlando, Florida

PLUG-IN ||

™

INSTRUMENTS, INC.

1416 Lebanon Road  Nashville, Tenn,
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1 w. The 814-C-31 and 814-C-32 are
tunable over a range of 5,900 to
6,400 Mc and 5,400 to 5,900 Mc
respectively and deliver an output
power of 1 and 1.5 w. All three units
have an incidental f-m of less than
5 parts in 10° and long term stabili-
ties of better than 1 part in 10° over
a one-hr period

CIRCLE 321 ON READER SERVICE CARD

Recording System
impact & temperature

SANTA BARBARA INSTRUMENTATION
CoRrp., 411 State St., Santa Barbara,
Calif., announces model ES-101 en-
vironmental recording system, de-
signed to measure and monitor the
impacts and temperature variations
encountered by delicate equipment
being transported or stored. A
model ER-125 event recorder pro-
vides 25 inkless channels of discrete
recording and may be used unat-
tended for 30 days. A recording
rate of up to 20 events per sec is
possible. Data reduction is simpli-
fied by the recording presentation
and provision for electromechanical
counters for quick-access data in-
formation.
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Digital Printer
all solid-state

Epsco, INc.,, Equipment Division,
275 Massachusetts Ave., Cambridge,
Mass. Model DP-834 digital printer
complies with MIL-E-4158B and is
completely automatic in operation.
Featuring a capacity of 11 columns,
it prints at speeds to 5 lines per sec.
It accepts decimal data for 6 col-
umns from measuring instruments,
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prints function and polarity as well
as decimal point location, and pro-
vides 3 columns of test number
identification. Individual tests can
be selected by switching to aid in
system calibration or trouble-shoot-
ing. Unit can be connected to the

High-Speed Solid State Relays
MICROSECOND

SWITCHING...

utputs of a-d converters, dvom’s
S\En?’;, Sm(())bi?e d:ta acquisitiorlosys-’ WS-HOGK RESlSTANT

tems, automatic checkout and moni- —
toring systems, and digital data )
logging systems.
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Modular Assembly
size 8 components
JOHN OSTER MFG. Co., Avionic Di-

vision, 1 Main St., Racine, Wisc.,
offers a time-saving prepackaged

size 8 modular assembly consisting &: CURTISS-WRIGHT
of motor generator, gear train, syn- AL BUQUERQUE , NM
chro and potentiometer for servo 9 SOLID STATE RELAY
aircraft applications. Type E- ‘ ( MODEL
108A’s components are accurately - SSR-12-100
aligned and calibrated with each ) Il > \\¢

other, saving valuable time and as-
suring maximum performance. Mo-
tor generator is rated for 26 v per
phase or with 36 v center tap con-
trol phase; gear train can be fur-
nished in any ratio up to 6,000:1,
synchro has 7 minute accuracy and
potentiometer is available in any
resistance up to 100K.

CIRCLE 324 ON READER SERVICE CARD
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Transducers
displacement type
PHOTOCON RESEARCH PRODUCTS, 421

N. Altadena Drive, Pasadena, Calif.
Displacement transducers models

z

:

) CNTIRS Wt

Solid Stote Reloys

illustrated: | nseTRoncs oven ;
MODEL SSR-12- | o0 swrr wear i
.100 (left) ‘:J:Aw

Model SSR-12-

1.00 (right) I:

Curtiss-Wright Relays have been proven time and again
in high speed sled tests and component test equipment
switching applications. Designed for missile, aircraft and
complex industrial controls and instrumentation and pulse
circuit applications, these pulse-triggered relays switch DC
power to loads in microseconds. There are no moving parts
.. . no RF radiation . . . and “On” resistance is constant.
Models are available for high temperature service; also
custom designs for special applications.

TRANSISTOR TEST EQUIPMENT—Curtiss-Wright has
wide cxpericnce in engineering and building test
equipment to meet your needs.

WRITE FOR
INFORMATION
ON COMPLETE
SOLID STATE
RELAY LINE

INTER MOUNTAIN INSTRUMENTS BRANCH +» ELECTRONICS DIVISION

CURTISS [J] WRIGHT

CORPORATION ¢ P. 0. BOX 8324, ALBUQUERQUE, N. M.

SOLID STATE RELAYS . TRANSISTOR TEST INSTRUMENTS AND
SYSTEMS + DIGITAL DATA ACQUISITION AND PROCESSING SYSTEMS

DT500 and DT2000 were developed
for measuring linear displacement
between 0.500 in. and -2.000 in.
with a frequency response from 0 to
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WHAT

THIS UNUSUAL
ACDC “PLUGIN" _ B¥
“TRANSISTORIZED st huiafit s
'POWER SUPPLY

Platform mounted standardized subassemblies
and components enable quick delivery of
GIVES YOU...

a wide range of veltages and currents.

Specifications:

Input: 105 to 125V AC, 45 t0 420 cps, single phase
Regulation: 0.1% (line or load)
Stability: Better than 0.25% for 8 hours
Ripple: 0.02% rms
Response time: less than 100 microseconds
Low dynamic impedance

. Designed primarily as a com-
ponent power supply, units
are widely used in computors,
electronic instrumentation,
production lest equipment,
and quality control check out
systems. Best of ail, the
unique design makes these
units available at the lowest
possible cost to you.

All solid state — zener diode reference;
transistor amplifiers and regulator
Output Voltages: from 2.0 to 300V DC
Output Power to 30 Watts
Reliable short circuit protection
Ali components readily accessible

(Unit pictured above: Model
=IR 90-.1; 8595 V; 0-100 ma;
- Price $145.00) Prices on other
units range from $100 to $200.

CONSOLIDATED AVIONICS CORPORATION

A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION
800 Shames Drive + Westbury, L. I. + EDgewood 4-8400
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10,000 cps dependent on the Dyna-
gage measuring system.
CIRCLE 325 ON READER SERVICE CARD

Surge Test Adaptor
weighs 25 |b

WALLSON ASSOCIATES, INc., 912
Westfield Ave., Elizabeth, N. J.
Model 142 surge test adapter is
available for use as an accessory
with either the type 138A or 141A
silicon rectifier test sets. It may
also be used alone, and a permanent
cabinet is provided for positioning
when desired. Type 142 supplies
single !-wave sinusoidal surge cur-
rents, adjustable between 5 and 75
amperes at a maximum repetition
rate of 4 per minute. Provisions are
made to monitor the output through
a 50 mv shunt with an oscilloscope
using the sync signal provided.
Price is $700 rack mounting, $725
complete in self contained cabinet.
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Frequency Counter
easy-to-use

HEWLETT-PACKARD Co., 275 Page
Mill Road, Palo Alto, Calif. Model
521G automatically measures fre-
quency and random events per unit
of time or with the manual gate fea-
ture totalizes electrical events.
With transducers, it also provides
convenient measurements of such
mechaunical quantities as speed.
rpm, rps, weight, pressure, tem-
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perature and acceleration. Fre-
quency range is 1 c¢ps to 1.2 Me.
Unit has an accuracy of +1 count
=+ the accuracy of power line fre-
quency — usually =+0.1 percent
(+0.01 percent with optional
crystal time base installed.)
Counter provides a five-place regis-

tration. Price is $650.
CIRCLE 327 ON READER SERVICE CARD

D-C Power Supply
heavy-duty

PowerR SOURCES, INc., Burlington,
Mass. PS4019 is a heavy duty unit
designed as a general purpose
source of 25-32 v d-c. It provides
load current up to 1.5 amperes. Out-
put voltage is selectable by a front
panel control. Input voltage in the
range 105-125 v a-c may also bhe
selected by front panel switch.
Ripple and noise level at the output
is less than 2 mv. Regulation is pro-
vided to maintain the output volt-
age within 0.2 v for load changes
from 0-1.5 amperes with the line
constant. Output impedance is less
than 0.2 ohm from d-c to 100 ke.
CIRCLE 328 ON READER SERVICE CARD

Magnetic Amplifier

long life unit
ACROMAG, INcC.,, 22519 Telegraph
Rd., Southfield, Mich. Model 615
magnetic instrumentation amplifier
is especially designed to give power
gains of up to 20,000 in a single

ELECTRONICS - MARCH 4, 1960

For information please write to:

UPTON, LONG ISLAND, N. Y.

Professional Opportunities Are Available For
Electrical Engineers

with interest and experience
in the following fields:
e Design and Development of:
Industrial Electronics and Power

Controls and Instrumentation
Electronics

e Operation & Maintenance of
Nuclear Devices

Personnel Manager

A Center for

B roo k h aven Wclear Research
Development
National
Laboratory

— . INSTA

TABLE OF CHARACTERISTICS

Frequency Range: 0.1 to 150 kefsec
< 3%—normal range

10-inches per second
{A