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Phased array systems contractors:

If you can find another manufacturer who shipped more than

110,200

microwave tubes in 1961..... give them your order.

* Raytheon shipped 110,221. Raytheon has designed high-
efficiency tubes specifically for phased arrays. Raytheon is
ready to roll now with high-volume, low-cost production. Call
Al Vacaro at BRowning 2-9600, Burlington, Massachusetts.

MICROWAVE AND POWER TUBE DIVISION | Waltham 54, Massachusetts
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HIGH-SPEED photographs made at U.S. Army Signal Research
and Development Laboratory show effects as laser beam strikes

various materials. See p 57 COVER

SELF-ORGANIZING SYSTEMS Near Hardware Stage. Studies
are still largely theoretical, but some experimental systems
have been built. One is a neuron-digital-computer simulator

SATELLITE COMMUNICATIONS in a Few Years? That’s the
word from a conference in Seattle. One speaker sees data com-
munications increasing faster than voice traffic

TELEMETRY PROBLEM: How to Reduce Data Volume. Much
of the data recorded during space trials is redundant or irrele-
vant. A favored solution is on-board processing

NEW POWER SOURCES Emerging from R&D. Summary of
progress reports on fuel cells and thermal energy conversion
systems. They work, but efficiency in most cases is still low

MOON PROBE Will Use Well-Logging Technique. Subsurface
geophysical probe will investigate lunar texture. Other reports
describe satellite instruments

DEFENSE CONTRACTING Shifts to Incentives. Speakers at
EIA symposium outline how development contracts will be
awarded. Warning: don’t propose more than you can deliver

PARTS SHOW Hosts 12,000 Meetings. Distributors and manu-
facturers get together on executive conference day. Multiplex
and uhf antennas lead equipment news

PREDICTOR DISPLAYS: How to Generate Them. New system
extrapolates future value of a variable under control, and dis-
plays predicted signal on scope. Technique has application in
manual control systems for vehicles such as spacecraft and sub-
marines,

By A. G. Berbert and C. R. Kelley, Dunlap and Associates

LOCK-IN AMPLIFIERS for Signals Buried in Noise. Phase
sensitive detection system can detect signals 40 db below noise
level, check frequency to one part in 10°. Lock-in technique is
useful in radio astronomy, nuclear magnetic resonance and
spectrum analysis.

By R. D. Moore, Princeton Applied Research Corp.
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Crosstalk

What Shortage?

THERE IS NO SHORTAGE of engineers, and
there is no such thing as a design engineer.
There is, rather, a shortage of good technicians
and a shortage of good engineers, just as there
is a shortage of good architects, good physicians
or good any other kind of professional man.

As for the so-called “design” engineer: there
are two jobs here, one for the engineer who es-
sentially creates new devices, circuits and sys-
tems and the other for the man who is a high-
grade technician regardless of his academic
pedigree, and who handles the electrical and me-
chanical details of a new device, circuit or sys-
tem. Not many men successfully perform both
functions long term.

The difference between an engineer and a tech-
nician is one of task emphasis: the engineer
emphasizes the theoretical, although he must
also be knowledgeable about the practical side of
his work, while the technician emphasizes the
practical side and must, similarly, possess theo-
retical knowledge. Educators understand this,
and the relative course content of the better en-
gineering schools and technical institutes dem-
onstrates it. The top engineering schools teach
subjects such as transform analvsis, fields and
waves, solid-state and electrical discharges. The
technical institutes teach radio. television, micro-
wave equipment and industrial electronics.

The prevailing practice, in the electronics in-
dustry, of putting a young engineer on the test
beneh or using him as a wireman is a waste of
trained manpower. It guarantees mediocrity in
design of the company’s products because by the
time the engineer advances from the test bench,
drawing board or model shop to truly creative
engineering work, he has often forgotten most of
what he learned in college. Or it is out of date.

It is high time this industry recognized that
it really takes two or even three kinds of tech-
nically trained men to make the wheels go round.
First, the truly creative engineer, well grounded
in theory and up to the minute on the very latest
advances in the field. Second, the good techni-
cian, a man who can take the engineer’s sche-
matic and whip up a breadboard that works, con-
vert it to a chassis or circuit board that can be
repetitively manufactured, handle the testing
and debugging and perhaps even take care of in-
stallation, maintenance and repair.

Finally, we need the husinessman who under-
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stands technical electronics. For him, there
should be developed concentrated survey courses
so that he can concentrate his major academic
effort on specialized fields such as marketing,
finance and management.

Let’s hire technicians to do technician’s work
and businessmen to do businessmen’s work and
stop inflating the requirements of engineering
schools so they can get down to their primary job
of training engineers.

THE WHEAT FROM THE CHAFF. Human sense
organs are usually regarded as remarkably versatile
since they can encompass an amazingly wide range
of intensity in what they sense. The ear, for ex-
ample, spans some 130 db from the threshold of hear-
ing to a painful noise level.

Yet when it comes to interpreting what it hears,
picking out signals from a noisy background, say,
the ear is way behind modern electronic techniques.
Could you listen to a symphony on your portable
hi-fi set (70 db) while operating a pneumatic drill
at full blast (110 db)?

Robert D. Moore. of Princeton Applied Research,
this week describes a sophisticated receiver lock-in
amplifier that, in effect, can do just that. The system
will dig out a useful signal 40 db below the noise.

The illustrations give some qualitative idea of
the receiver’s performance. The upper scope photo
shows a typical noisy signal input. A 4-Kc signal
is buried in this noise spectrum at a level of approxi-
mately 6 mv peak-to-peak. The lower photo shows
that 4-Kc signal, on an expanded vertical scale.
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COMMENT

Ultrasonic Delay Lines

I feel that the solutions given
for Equation 2 in the article, Ultra-
sonic Delay Line Equation Is
Evolved, by H. Mack Thaxton, (p
80, April 27), are in error even
after the typographical error in
the solution of Eq. 4 is corrected.

[Editor’s note: To make Eq. 4
parallel with Eq. 3, an x should be
inserted in Eq. 4, just before the
slash-bar preceding the last C, so

variable cross section delay lines.
The present state of this art, ex-
cluding highly classified projects,
requires no particular ingenious de-
vices of either a mathematical or
physical type. Such techniques,
therefore, as those of the outline
below, will adequately solve the
problems encountered in this work.

Listed here are only a few of the
techniques which may be appli-
cable. Our specific problems involv-
ing this subject have not required
the use of other techniques.

The methods listed here, one may

B ——— | that the last part of the equation say, are the elementary straight-
— reads p exp—Cla'z/C.".] forward techniques. Techniques
. " Perhaps author Thaxton or the required in applying Laplace trans-
editor would be willing to give me formation theory, Fourier trans-
MODEL AS-1| | adr(’a’felﬁzn?edt(; the “standard meth- forrlnation ; theolrs;’- opgrati(;pal
ods” alluded to. analyses and analytic continuation
PRECISION ATTENUATOR SET
This set contains eight Weinschel | | . fL?MES D. EAsTON  pr ocesses —are nur:nerous. e
precision coaxial attenuators in a solid La Jolla, California techniques may be simple and much
walnut, velvetlined case. Included in . more elegant than the straight-for-
the set are Weinschel Model 210 atten- Author Thaxton replies: ward techniques presented below.
:’:::'S’i:“itg{::;?z‘:lv ?{:::loio;"gmig' | Below are a few of the basic tech- H. MAacK THAXTON
and 20 db. The set covers the frequency | | Nidues which are applicable to Englehard-Hanovia, Inc.
range of DC to 12.4 kme. All eight at- mathematical problems involving Newark, New Jersey
tenuators are made with Weinschel’s |
own stable film resistors, and have stain- |
less steel bodies and stainless steel con. . .
nectors which give maximum life with | | Vcthod I: "’}'/'/ d:ll,r = 2) Sy M
minimum wear. o= Sdy (2 f )d:/ + o+ (2)
CERTIFICATE OF CALIBRATION l Method 2: Let dny/dan = f(dv= y/dev) 3)
A Certificate of Calibration showing If z = d»~ 'y 'dr!
calibration data for each attenuator is I dz/dr = [(2)
supplied with the set. The certificate r=dz/f(2) +¢ @
gives DC resistance and insertion loss at | | hen dn ]lf = ¥ (1, 0),
three frequencies for each attenuator. | then dhy/da = ¢ (3, ¢) S
ey Example: suppose: (ad?y/de?) (dy/dr?) = N 1+ (d%y/de?)? .
Rt ickedgy Let d2y/dr? =z
@ertifirate of @alibration | Then azdz/dr = ¥ 1 + 22
MOBRL AS-Y N MnAL M0, ) _ ——
s e | orr=av 1+2 +c 16)
e e e | and z = d?y/dxt = ¥ (x — ¢)? — a/a
jzcoss | % % m:a.‘a:'h a'.oo! "x 3. =M *'.; = ory = \/ (xr — C)2 —at/al?
oy TS B 7 [ S TR { and dy/dr = f az® dz \/71_ _+ 2
L ’:“:"m"‘“‘l L L2l Henee, y = a%3/6 — (a2 V142 /2Qlogz+ v 1 +22)+
U g L ] | | a%z/2+aq NV 1422 +a ®)
sl il IS P90 PO 0Y e BT YT Eliminating z from (5) and (6) gives the solution.
i, o it Mt L A E] | | Method S: dy/de? + f(x)dy/dr + F(y) dy/dx)* = 0 @
: = Jex.ce [oaon [ eron hosor =9, cor oo co= v | Integrating once, neglecting the last term, gives
l:nr‘ e ez e Inyzelaras : zobo joze - ) ‘ ’l” dr = ce—JS I (x)dz
S | Letevary with , then
Crmtanm 1IARATDS A3 APRICANE AT HACHAKIE 10 NATONAL WALAY OF N1As@As0L d*y/de? = (de/edy) (dy/dx)? = f(x)dy/de
- s ,"",-"" and (7) becomes: de/edy — F(y) =0
Write today for complete specifications. | Thus, the general solution is:
S eSFww dy = B f oo SI@dde 4+ F )
w E I N S C H E I— | Method 4: Equations of the form:
ENGINEERING ! D2+ @+br) D+ (c+de+ext)]y=0 9)
oo are reducible to a solvable form:
‘* | V@D + (g + he) D + k|2 = 0 by y = zew=ebt
Method 5: Equations of the form:
10503 METROPOLITAN AVENUE P(p,g,rst) = (rt + )" Q(x,y,2) n>0 (10)
KENSINGTON, MARYLAND Let ¢ = ¢(p), then
Tel.: 949-0141 (Area Code 301) s = ¢ (p)r t=y'(p)s = (¥ (1

TWX: KENS 446
In California: 631 Wilshire Bivd. |
Santa Monica
TWX: SMON 7185

Substituting (11) in (10) gives an equation in p, ¢ (p), and ¥ (p),
which, when integrated gives a relation between p and ¢ and an arbi-
trary constant. Integrating the last equation gives the solution.
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For the 10Th year...
LA MBDA OFFERS THE STRONGEST PROOF

OF TROUBLE-FREE POWER SUPPLY PERFORMANGE

Every Lambda power supply sold since 1953 has been backed by Lambda’s 5-year guarantee,
which covers workmanship and materials (except for tubes and fuses). Any Lambda power supply

sold today is guaranteed to perform to specifications until 1967.

long Dependable
Service

In choosing this Lambda
Power Supply. you are benefit-
ting trom an outstanding record
of performance measured under
the most gruehng lield conditions
Long:term, trouble-free operationin
heavy-duty service, attested to by owners
and users of Lambda Power Supplies, has
made possible the unprecedented five year
guarantee that covers this piece of equipment.

LAM B DA ELECTRONICS CORP

419 600A0 HOLLOW BOAD + NUNTINGTON L ) WEW TOMA « 118 WTATLS & +100

the otigual purchater, be 1

Chages prapess. Tove dfter Our #1amsaaiion 10 De Ihus Gefective
We reserve Ihe (1gM te discontiaue inst/uments without aolice, and
To make modificalions a devga at 7 e without 1acurring any
obligstion to make wwch moditications to mitruments previously sold.

Send for Catalog on LAMBDA'S
wide range line of regulated

ALL-TRANSISTORIZED LA SERIES
transistorized power supplies

Nine Models Available~Voltages
up to 330 VDC—Currents up to 20 Amp
Convection Cooled~Short Circuit Proof

LAMBDA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD ¢« HUNTINGTON, L.I.,, NEW YORK ¢« 516 MYRTLE 4-4200

Western Regional Office: 230 North Lake Avenue, Pasadena, California « Phone: Code 213, MUrray 1-2544
New England Reglonal Office: 275 Boston Post Road, Marlboro, Massachusetts « Phone: Code 617, HUntley 5-7122
Middie Atlantic District Office: 515 Broad Hollow Road, Huntington, L. 1., New York » Phone: Code 516, MYrtle 4-4200

LA.128-A

Southeastern Region: W. A, Brown & Associates, inc,, Engineering Representatives
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No comparable COAXIAL
FREQUENCY METER

approaches this
OVERALL accuracy:

+0.17% from 1 to 4.2 GC!

... because this specified accuracy includes
all the variables: == 0.02% for 0-100% rela-
tive humidity, = 0.0016% per °C from 13 to
33°C, and 0.03% backlash! Therefore, de-
pendable accuracy is obtained even under
adverse conditions.

‘‘‘‘‘‘‘

Further, the new & 536A Frequency Meter
gs{%“c gives maximum reading accuracy with its
et high resolution spiral dial of 180 inches cali-
w L0 brated in 2 MC increments. All frequency
calibrations are visible, you know at a glance
what portion of the band is being measured.

F OUENCV
N%SSL 536A
SER

More, the & 536A introduces no spurious

# 536A Coaxial Frequency Meter resonances at any setting. Resonance is indi-

cated by a dip in output power of approximately 1

db. A non-contacting plunger provides smooth tuning and long life. Call your & repre-

sentative today for a demonstration of the & 536A or the & 532 series waveguide
frequency meters, 3.95 to 40 GC.

SPECIFICATIONS, &p

Frequency range: 960 MC to 4.2 GC

Overall accuracy: + 0.17% from 1 to 4.2 GC; * 0.22% from
960 MC to 1 GC

Q: Approximately 1,500
Dip at resonance: At least 1 db from 1 to 4 GC; at least 0.6

db from 0.96 to 1 GC and from 4 to 4.2 GC H EWLETT_ pAC KAR D C O M PANY

SWR off resonance: Less than 1.2
Calibration increments: 2 MC 1501 Page Mill Rd., Palo Alto, Calif., Area Code 415, DA 6-7000

Connectors: Type N female Sales and service representatives in all principal areas;

S 9%” high, 6” diameter, 13 Ibs. Europe, Hewlett-Packard S.A., Rue du Vieux Billard No. 1,
Gl $500.00. Geneva; Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand
Data subject to change without notice. Price f.o.b. factory. Street, Montreal.
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ELECTRONICS NEWSLETTER

Washington Rejects Transistor Import Quota

WASHINGTON—The Office of Emergency Planning last week an-
nounced rejection of the 21,-vear-old request by the Electronic In-
dustries Association for import quotas on Japanese transistors to
protect U. S. defense production capability. E. A. McDermott OEP

director, said the petition was re-
jected after long study because the
U. S. industry appears capable of
meeting defense requirements for
the forseeable future.

EIA, acting in behalf of several
U. S. transistor manufacturers, had
applied for a ruling in September.
1959. McDermott’s report admitted
that there has been a considerable
increase in transistor imports, es-
pecially in the small radio field. but
said that the U. S. industry was
rapidly expanding anywav. U. S.
electronics producers will continue
to get the lion’s share of defense
contracts and the industry seems
in good condition to fulfill these
and any future orders that might
come from an emergency, the re-
port said.

Digital Process Control
Computer Line Introduced

PITTSBURGH — Westinghouse Elec-
tric and Sperry Rand’s Univae divi-
sion have teamed up to produce a
new line of digital industrial proc-
ess control computers, called the
Prodac 500 Series. Univac makes
the central computer and some pe-
ripheral equipment, Westinghouse
supplies the system, installation
and related services.

The computers feature a priority
interruption system permitting
simultaneous off-line computation
and on-line process control. The 510
is for single-process systems., data
logging, monitoring and computa-
tion. The 580 has more flexibility
and capacity. Core memories range
from 4,096 to 16,384 18-bit words.
drums hold 32,768 or 65.536 words.
Access time is 1.8 usec and cvele
time, 4 usec. Input-output capa-
bilities include 2,048 analog inputs
and 1,024 digital inputs and out-
puts.

Gulf States Paper has ordered a
580 to control a pulp digester. An-
other will go to Arizona Public
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Service as part of an automatic
digital dispatch and processing
system that will include a solid-
state analog circuit to regulate gen-
erators, and telemetry.

Double Tunneling Might
Lead to Decimal Diodes

SECONDARY TUNNELING, recently ob-
served and controlled in experi-
mental diodes at RW division,
Thompson Ramo Wooldridge. could
lead to a decimal diode. with 10
stable states permitting computers
to operate directlyv in a decimal
code. The experimental diode.
dubbed a “camel diode,” has a
double-humped I-V characteristic.

According to an RW spokesman,
conventional tunnel diode theory
postulates a forbidden energy gap.
through which the passage of elec-
trons cannot be controlled. RW
found that by diffusing the im-
purity atoms in this forbidden gap.
empty states were created which
enhanced tunneling either through
the intermediate states to the wva-
lence band or directly through the
empty states created in the band

gap. Which of the two effects oc-
curs depends on the concentration
of impurity atoms within the band
gap that can be achieved by the
state of the art, the spokesman said.

Russians Want Japanese
Transistor Plant Gear

TOKYO—Informed sources here re-
port that a USSR trade delegation
is attempting to purchase equip-
ment or plants to manufacture tran-
sistors for radio and television sets.

One Russian indicated that some
Japanese companies do not wish to
sell. Some companies promise cata-
logs. but never send them. Others
have agreements with U. S. com-
panies which prevent sales to the
USSR.

Among purchases the USSR has
made in Japan are electron micro-
scopes and automatic recording
type spectrometers. The USSR pur-
chasing office in Tokyo is staffed by
about 30 people.

Court Rejects Plea to
Keep Incentive Profits

WASHINGTON—U. S. Tax Court has
rejected again Boeing’s appeal from
a Renegotiation Board ruling on
excessive profits (ELECTRONICS, p
12, May 18). The court affirmed
that $13 million of Boeing’s earn-
ings on Air Force contracts in 1952
must be repaid to the government.

Over 80 percent of Boeing profits
that vear were derived from incen-

Tokyo Tightens Foreign Technology Screening

TOKYO—The Science and Technology Agency last week decided
to establish tighter sereening criteria for introduction of foreign
technology, to protect domestic industries from electronics to
manufacturing instant coffee. Screening had been relaxed recently
in anticipation of foreign trade liberalization.

The agency is expected to refuse approval of applications to
introduce foreign techcnology in the following cases:

When production has started on the basis of similar domestic
technology; when foreign technology is likely to obstruct develop-
ment of similar domestic technology expected to be adopted for
commercial production; when the company seeking approval will
be unable to develop the technology; when terms for introduc-

tion are considered unreasonable, unduly unfavorable or

less

favorable than terms for introduction of similar technology




tive contracts. The use of such con-
tracts is being expanded under a
new Pentagon policy. In its appeal,
Boeing argued that the board’s re-
capture of incentive profits would
undermine industry confidence in
this type of procurement.

The Defense Department denied
this, claiming that the new type of
incentive contracts will differ from
those awarded Boeing in 1952. The
new policy, the Pentagon says, will
stress the establishment of more
precise target cost estimates, on
which incentives will be based, and
will reward quality of product and
accelerated delivery schedules as
well as cost control.

Varying Voltage Scans
Radar Antenna Array

WORKING MODEL of an electroni-
cally scanned, circular antenna ar-
ray that permits a radar beam to
be pointed in any direction has
been developed by James D. Till-
man, Jr., and associates at the
University of Tennessee. The con-
centric array consists of 12 quarter-
wave monopole elements in an outer
circle, 8 in the next, 4 in an inner
circle, and one in the center. Beam
direction is controlled by a d-c con-
trol voltage that varies voltage out-
put amplitudes of two amplifiers
connected to each ring. Funded by
the Air Force, the system will be

demonstrated next month at the
Air Force Cambridge Research
Laboratory.

Nonlinear Interactions
Point to Laser Advances

BOSTON—Availakility of optical
masers as an intense light source
is spurring research into nonlinear
interactions at optical frequencies.
At a meeting of the New England
section, Optical Society of America,
Perry A. Miles, of MIT, reported
on a neodymium glass optical
raser with primary output of 1.06
microns and harmonic generation
at 0.53 micron. At power level of
only a few microwatts, little sig-
nificance is seen for applications at
this stage, but experimentation is
expected to yield important infor-
mation about nonlinear processes
in crystals. Nicolas Bloembergen,

8

of Harvard, said that the theory
of interaction between light waves
in nonlinear media predicts not
only harmonic generators but mix-
ers, modulators and demodulators,
limiters and ‘““all the things which
radio engineers have done at radio
and microwave frequencies.”

Storage Tubes Provide
Stop-Motion Television

ROCHESTER—Television system em-
ploying storage tubes is being used
by Eastman Kodak as a portable
monitor for checking operation of
high-speed manufacturing proc-
esses.

The last 12 frames of the picture
taken by a tv camera are stored by
i2 Raytheon storage tubes. During
normal operation, the frames
change at the frame speed. If the
process breaks down, the monitor
stops and holds the last 12 frames,
allowing Kodak engineers to ana-
lvze what happened just before the
breakdown.

Japanese Transistors
Sought by Hong Kong

TOKYO—The British embassy here
warned the Japanese Foreign Office
last week that the Japanese em-
bargo of transistors to Hong Kong
be lifted or imports of Japanese
cotton cloth will be shut out.

The Crown Colony Authority is
said to be sympathetic with the
Chinese manufacturers on the issue
because electronics is now a growth
industry in Hong Kong. At the
same time, Hong Kong textile man-
ufacturers are now being restricted
in their exports to the U. S.

With an export trade council
scheduled for mid-June, MITI, the
trade ministry, will soon send a mis-
sion to Hong Kong to talk things
over with the Chinese manufac-
turers and ask them “to make some
kind of adjustment” in their tran-
sistor radio exports to the U.S.
similar to that of the Japanese.

MITI last week suspended tem-
porarily transistor exports to Hong
Kong and Okinawa on the ground
that they are exporting six-tran-
sistor radios to the U. S. $6 cheaper
than those of the Japanese.

In Brief . . .

FEDERAL AVIATION AGENCY is cen-
tering materiel and contracting
functions, formerly dispersed
among several facilities, in a new
Installation and Materiel Serv-
ice office.

LATIN AMERICAN Free Trade Area
members are meeting in Monte-
video to coordinate development
of the electronics industry in
Latin America.

NASA and the Swedish Committee
on Space Research have agreed
on a cooperative space research
program. Four Nike-Cajun
sounding rockets will be launched
from the Vidsel Range, in
Sweden, to investigate noctilu-
cent clouds and energetic parti-
cles.

TROPSCATTER f-m radio transmit-
ters providing hops of 393 and
341 miles have been delivered by
Radio Engineering Labs to
Western Electric under a $5.6
million contract. The three-sta-
tion net will be used by the Air
IForce in the outer Aleutians.

FOUR GE 225 computers have been
ordered by NASA for engineer-
ing analysis of the Saturn
booster. One has a special input-
output buffer to scan 1,000 gages
on the vehicle at a rate of 0.1
msec.

TEXAS INSTRUMFNTS has an Air
Force contract to develop for the
Vela program a seismograph that
will convert ground movement
signals directly into digital for-
mat for computer analysis.

TRACKING MALFUNCTION caused a
30-mile-high nuclear blast to be
aborted at Johnston Island, post-
poning for two weeks a test of
such a blast’s blackout effects on
communications.

MISSILE CONTRACTS include $4.7
million to GE for Sidewinder
guidance control systems and
$5.3 million to General Dynamics
for missile site communications.

REPUBLIC AVIATION has $1.5 million
in Navy contracts for a subma-
rine control system and a control
training system.

electronic



NOW

AVAILABLE
WITH WELDABLE
LEADS

SURPASS MIL-R-10509

PERFORMANCE
REQUIREMENTS

y 7/ 4

LAMISTOR

RUGGED END-CAP

CONSTRUCTION FOR

LONG TERM STABILITY

—
EXCEPTIONAL RESISTANCE

..................

AVAILABLE IN
REEL PACKING
FOR AUTOMATED
PWB INSERTION

METAL FILM RESISTORS

OFFER 5 DISTINCT
TEMPERATURE
COEFFICIENTS TO
MEET ALL CIRCUIT
REQUIREMENTS

Providing close accuracy, reliability and stability with low
controlled temperature coefficients, these molded case
metal-film resistors outperform precision wirewound and
carbon film resistors. Prime characteristics include minimum
inherent noise level, negligible voltage coeflicient of resist-
ance and excellent long-time stability under rated load as
well as under severe conditions of humidity.

Close tracking of resistance values of 2 or more resistors
over a wide temperature range is another key performance
characteristic of molded-case Filmistor Metal Film Resis-
tors. This is especially important where they are used to
make highly accurate ratio dividers.

Filmistor Metal Film Resistors, in Y8, ¥4, 2 and 1 watt
ratings, surpass stringent performance requirements of MIL-
R-10509D, Characteristics C and E. Write for Engineering
Bulletin No. 7025 to: Technical Literature Section, Sprague
Electric Co., 35 Marshall Street, North Adams, Mass.

For application engineering assistance write:

Resistor Division, Sprague Electric Co., Nashua, New Hampshire.
SPRAGUE COMPONENTS

RESISTORS

CAPACITORS

MAGNETIC COMPONENTS
TRANSISTORS

June 8, 1962

INTERFERENCE FILTERS
PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

“Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co.
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Off the Shelf!

Raytheon Data-Design’s High
Speed Digital Handling Units
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Complete Line...

The Raytheon DATA-DESIGN units de-
scribed below are unmatched in the digital
field today for speed, accuracy and expand-
ability. Together they form the fastest,
most expandable data acquisition and con-
version systems ever built. Each of these
units is now available off-the-shelf from

June 8,

1962

AD-50A Ultra-High Speed
ANALOG-DIGITAL
CONVERTER

Up to 5 million samples/
second. Up to 8-bit
accuracy output, with
lower bit outputs avail-
able at reduced cost.
Digitizes pulses less
than 0.3 microseconds
wide. Direct, useable
readout every 0.2 micro-
seconds. 25 nano-
second aperture time.
Every output valid and
useable immediately. No
need for sample and
hold clrcuitry in most
applications.

AD-10A High Speed
ANALOG-DIGITAL
CONVERTER

Up to 500,000 complete
10-bit conversions/
second. Serial readout
at 5-mc bit rate; par-
allel readout at 500-kc
word rate. Plug-in
module construction.
Synchronous or asyn-
chronous operation,

FORMAT
GENERATOR
Arranges and prepares
binary data from the
conversion equipment in
proper format for suit-
able entry into a com-
puter or a tape storage
unit, Also provides
record identification
information and parity
check pulses on each
character to be entered.
Available in formats
compatible with most

major computers.

Raytheon, for system integration by the

user.

Also available from Raytheon’s unique
DATA-DESIGN Service is the design and
manufacture of complete digital systems
or units based on your individual require-

ments and specifications.

.0
-
»

cpesssrarese

High Speed
MEGACYCLE
BUILOING BLOCKS

Adaptive circuitry ad-
justs power require-
ments to load for mini-
mum power drain. In
quiescent state, draw
1/7th the power of con-
ventional blocks. Temp.
Specs. —30° to 4+-65° C
‘“Worst Case Analysis"
criteria used in all block
designs. Interchangeable
wiring panels mean only
one step from logical
design to finished
equipment.

DM-120 High Speed
MULTIPLEXER

Up to 1 million analog
switchings/second, Ex-
pandable from 2 to 24
channels. As many as
576 channels obtained
by stacking up to 24
Raytheon = DM-120's.
Compatibie with both
Raytheon Converters and
with Raytheon Power
Supply Units. For Multi-
plexer-Converter System,
one Raytheon DPS-1A
will power both units.

MAIL TODAY!

RAYTHEON COMPANY
1415 Providence Turnpike
Norwood, Massachusetts

Please send DATA-DESIGN literature on following:

Name

Title

Company

Address

City and State

b o S Ga G — . G G T S D G G S — G— —
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WASHINGTON OUTLOOK

DEFENSE INDUSTRY ADVISORY COUNCIL is being
formed by the Pentagon as a single, formal, industry-Pentagon forum
DOD W ANTS to discuss pending changes in procurement regulations and other mat-
ters of concern to defense industries. Up to 25 representatives of a wide

PARLEYS range of military contractors will meet periodically with Defense De-
partment officials. Secretary McNamara and his top aides are annoyed
REDUCED by what they consider excessive demands on their time in sitting down

to discuss such matters with at least seven different trade associations,
including EIA.

INTEREST OF BIG INVESTORS in the proposed communications
satellite system is puzzling—and worrying-—some officials.

This is what they fear: many small investors will be lured by the
aura of government sponsorship. If government aid through minimum-
cost boosters and access to technology isn’t enough to make the system

TAXPAYERS pay during a long shakedown period, political pressure on Congress
to vote dividends could develop. Its insistence on public participation
TO FINANCE would put the administration in an embarrassing position.
To large investors, the possibility of small stockholder pressure for
SATELLITE early returns adds to the stock’s luster as a long-term proposition.
Officials who believe Kennedy should have let common carriers own
PROFITS? the system claim its immediate earning potential is overrated, no matter
how bright its long-term prospects. Satellite tv, for instances, faces
varying time zones; overseas cable communications is today a relatively
small market. There is still fear that limitations on common carrier
participation in the satellite system will crimp their incentive to shift
traffic quickly from cable to satellite.

FEDERAL COMMUNICATIONS COMMISSION has hope-
fully established a short-cut procedure to deal swiftly with routine radio
cases. A four-man staff review board headed by Donald J. Berkemeyer,

FCC AIDES chief of the opinions and review office, will make final decisions.

The commission can still review cases raising policy questions, but

TO DECIDE normally contests of review board decisions will go directly to federal
courts.

RADIO CASES Chairman Minow and other commissioners expect the board to relieve
them of time-consuming routine actions, giving them more time for
policy planning and major regulatory problems. Broad delegation of
commission duties was authorized by Congress last year.

FORT MONMOUTH, N. J., has been designated as headquarters
for the Electronics Command of the New Army Materiel Command.
Maj. Gen. Stuart S. Hoff, now chief of R&D in the office of the Army’s
Chief Signal Officer, will head the new agency.
The Electronics Command will be responsible for both R&D and pro-
ARMY WILL curement of Army communications equipment, electronic warfare sys-
tems, combat surveillance systems, automatic data-processing equip-
CENTRALIZE ment, and radar. It will absorb the Army’s Signal R&D Agency and
BUYING Signal Materiel Support Agency, already at Fort Monmouth, Signal
Materiel Management and Procurement Agency in Philadelphia, Air
Defense Engineering Agency at Fort Meade, Md., and the electronic test
ranges at Fort Huachuca, Ariz., and White Sands, N. M.
These Army field agencies will continue operating, but under Fort
Monmouth’s centralized management.
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New soo Volt-0hm-Milliammeter

i
111
A8

WENMEN
HIELD!

11
¥

MAKE FEATURES

70 RANGES—nearly double those of conventional
testers. Unbreakable window.

HIGHEST ACCURACY—1%2% DC to 1200 volts, 3%
AC to 1200 volts; mirror scale and knife-edge pointer
to eliminate parallax.

FREQUENCY COMPENSATED-—accurate readings
through 20,000 cps audio. TEMPERATURE COMPEN-
SATED. METER PROTECTION against overloads,

In every field there is only one BEST ... and in VOM's it's Triplett's
Model 800. Wired (not printed) circuit, heavy molded insulated case
for complete safety. BAR RING shielded movement. High flux mag-
net, spring backed jewels—for rdggedness. No other VOM offers
all the deluxe features of the 800 . . . POSITIVELY THE FINEST
VOM for lab, production line, or bench. $89.50

Available For Immediate Delivery From Your Triplett Distributor’s Stock
TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

"MODEL 800 V-O-M
eDC- ACV
oDC+ ACY
2 2 OHMS ADJ
S CUTPUT

|
©C @
AC — 6000V — DC

USES UNLIMITED

Field Engineers
Application Engineers

Electrical, Radio, TV, and Appliance
Servicemen

Electrical Contractors
Factory Maintenance Men

Indust-ial Electronic Maintenance
Technicians

Home Owners, Hobbyists

CASE
859-0P

handle also serves as Sponge rubber pacded

tester stand. leather carrying cas2
holds tester and accessc-
ries. $19.50.

FOR EVERY PURPOSE—THE WORLD'S MOST COMPLETE LINE OF VOM'S




SOLAtron

LINE VOLTAGE

Starts corrective action the instant
output departs from nominal...long
before voltage even approaches the
boundaries of the regulation envel-
ope. In fact, response is 10 times
faster than mechanical regulators.
Even under extreme conditions, re-
turn to nominal will never exceed
10 cycles. And no moving parts
means no electro-mechanical wear.
Maintenance is reduced to insignif-
jcant static-design proportions. A
solid-state sensor triggers a mag-
netic flux “valving action” to main-
tain nominal voltage.

14 CIRCLE 14 ON READER SERVICE CARD

REGULATOR

#

regulation
“envelope”

SOLA 5

Division of Basic C @

Products Corporation
SOLA ELECTRIC CO., Dept. E-62, 1717 Busse Road,
E'k Grove Village, Mllinois, HEmpstead 9-2800

IN CANADA, SOLA BASIC PRODUCTS, LTD.,
377 Evans Avenue, Toronto 18, Ontario

Excellent regulation — for specified input
range, zero to full joad.

Efficiency — 95% at full load.

Ultra Compact — smaller and lighter than
other equivalent regulators.

Complete Mounting Flexibility — designed
for either horizontal or vertical orienta-
tion. Adaptable for mounting inside OEM
equipment or can be externally employed
on any surface or support.

New Solatron Line Voltage Regu-
lators are available in 3-100 kva
ratings for 120 and 240 vac, indoor
applications. Write today for com-

plete details and prices. $-20-62

electronics
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SECOND

I

HOURS

MAINTENANCE TIME }

in the NEWLY MINIATURIZED |

REMOVABLE WAFER
ROTARY SWITCH |

- No soldering or disassembling, ‘

<)

" No wire removing. |
U Any wafer lifts out instantly \

“ | for immediate cleaning or
o

J " replacement.

&y 4
Up to 18 XXXP or epoxy rhodium plated |

flushed wafers are available in a 10-position single pole configura- ]

tion. Series RS-15 can be supplied to meet MIL-3786 or for com-

mercial applications. Operation is manual, motor or solenoid, ‘

Mid. under Tabet U. S. Patent No. 2,841,660. Other U. S. and foreign

patents pending. Request full details today. IMMEDIATE DELIVERY,

CHICAGO DYNAMIC INDUSTRIES, inc.

@ PRECISION PRODUCTS DIVISION
1725 Diversey Blvd., Chicago 14, lllinois

CIRCLE 200 ON READER SERVICE CARD |

TKK INDUSTRIAL MOTORS

Lowest Drain, Minimum Noise,
Longest Life — at Low Cost

-

RM-170T

APPLICATIONS

* Tape-recorders
Record-players

* Clocks

# Shavers

* Music Boxes

# Cinecameras

*

*

-

FM.250 R FM-250 N

type

| voltage (D.C.)
RM-170 T models I

i

i

1.5~30V
1.5~60V
30~12vV
1.5~45V
1.5~60V

RM-170S models
RM-170 SC models
FM-250 N models

Turntables
Avtomations
Other Appliances

TFM-250R  models

Large orders executed reliably and on schedule by the world'’s
largest factory specializing in D.C. magnetic low current motors
{Qutput: up to 2% million units per month!) Your detailed
inquiry is invited — your satisfaction guaranteed.

MABUCHI SHOJI K.K.

37, Kabuto-cho 2-chome, Nihonbashi, Chuo-ku, Tokyo, Japan |
C.P.O. Box 1084, Tokyo Cables: "NIHONKAKOCO TOKYO"

16 CIRCLE 16 ON READER SERVICE CARD
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Around the world it's KEW

- MODEL EW-16
MODEL F-98

MODEL TK-20A

MODEL FL-202

2y

MODEL TR-A
SWR & RF WATTMETER

KYORITSU ELECTRICAL INST. WORKS, LTD.

No. 120, Nokane-cho, Meguro-ku, Tokyo, Japan
Cable Address: "KYORITSUKEIKI TOKYO"

Tel: (717) 0131 ~5 « 0151 ~3
CIRCLE 201 ON READER SERVICE CARD

electronics

Editorial
Opportunity

IT DOESN‘T HAPPEN OFTEN,
but electronics, ""bible of the in-
dustry’’ and a McGraw-Hill publi-
cation, has an opening for an
Assistant Editor.

Ideally, the man we are look-
ing for and to whom a post on
our New York staff could be a
long-term challenge, would have
an electrical engineering degree
or technical equivalent, practical
experience in our field and a
demonstrated aptitude for edit-
ing, writing, reporting. He prob-
ably lives somewhere in the
metropolitan area and therefore
would have no relocation prob-
lem.

Write The Editor, electronics,
330 W. 42nd St.,, New York 36,
stating experience, aspirations
and past earnings. Mark the
envelope “Confidential” and it
will be kept that way.

electronics



NEW LOW LEVEL MESA TYPES

AUGMENT TRANSITRON'S COMPREHENSIVE LINE OF

SMALL SIGNAL SILICON TRANSISTORS

NANO PKG.

100 r — - T ™ % ~| 30 ———
/ |
80 - ? & 1
» | F =10 ke .
t 220
380 — )
u x
° 3
e 2us
840 { DISTRIBUTION OF EQUIVALENT |-— W
& INPUT NOISE VOLTAGE | 3
a ~ z 10
Veg = 1oV —
!
20 v 100p A |
SOURCE * I* 0 5
!
1 | |
0ol ol ol oot (] 1.0
EQUIVALENT INPUT NOISE VOLTAGE (pV/ =) NOISE - pv/ V=

TRANSITRON'S newest addition — the 2N2427 — further Historically, TRANSITFON was the first semiconductor firm to
demonstrates why the firm continues to be the industry’s most thoroughly investigate low level amplifier requirements. With
versatile and dependable source for small signal silicon devices.  the subsequent introduction of the grown junction 2N1247-48
This new low level diffused mesa type — available in any of the  types ,TRANSITRON was the first to design silicon transistors
four packages illustrated on this page — is typical of a wide specifically for this demanding category of applications.

variety of silicon transistors designed to serve a comprehensive

range of small signal applications. TRANSITRON today ofters a full range of types and character-
istics from which to select. Popular series in this line are:
cMinimum Maximum Minimum Maximum 2N839-45 and 2N754-5 2N1572-74
“Base | “hese © | Qrward | Lequivatent | (both excluzive to TRANSITRON)  2N734.6 and 2N738.40
Type Breakdown Leakage Transfer tnput Noise 2N1564-66 2N756A-60A

Voltage Current Ratio Voltage . |

(Volts) (nA) (8 @ 10xA) (uvolts) All types are optionally available in any of the four packages
2N2427 40 10 20 2 shown here. All are available for immediate delivery in produc-

: tion quantities.
TRANSITRON engineers also invite your inquiries concerning P let ificati d characteristi ite t
specific applications requiring noise levels down to tenths of  FOf complete specifications and characteristics, write to

: TRANSITRON’S Wahefield facility. And remember . . .
- A t . s
m;c;os(\)n;lttséﬂlz.akage U Gl (g i 250 G (il TRANSITRON know-how has developed a reliable silicon tran-

sistor for ever small signal application.
CIRCLE 260 ON READER SERVICE CARD

il Tra ngitron

B | | [ELY, electronic corporation
wakefield, melrose, boston, mass.
SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE J.S.A. AND EUROPE. CABLE ADORESS: TRELCO

YEARS
—
LEADERSHIP I SEMICONDUCTORS
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JEWEL BEARINGS
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 NEW LOCK-IN o @ 2°[ ]

AMPLIFIER :ese: aj0j

' Now you can recover signals 40 db below 1 kilocycle bw ambient white noise.
This new signal processing instrument is designed to recover signal information from
noise. It is a narrow band detection device, the center frequency of which is locked to
the frequency at which the signal information has been made to appear. Therefore, ex-
tremely narrow detector band widths can be obtained with complete freedom from drift
between the detector center frequency and the characteristic signal frequency. Conse-
quently, it is applicable to situations where narrow band operation will enhance signal-to-
noise ratio. Lock-in amplifier techniques are being used in radio astronomy, nuclear and
electron magnetic resonance experiments, carrier life time studies in semiconductors, experi-
ments in special and general relativity, and optical pumping.

Pertinent specifications include: frequency range 15 to 15,000 cps continuously tunable;
equivalent band width 0.12 cps min. (2 sec. max. RC integrating time). 6 or 12 db per
octave selectable roll-off, gain RMS AC in to push-pull DC out — approx. 9,000. Com-
pletely transistorized. Price: $990. Write for Bulletin 103

'Z‘:;“:f’:“o PRINCETON APPLIED RESEARCH CORPORATION
R‘§s=A~c~ Box 565 / Princeton, New Jersey / Tel. 799-1222, area code 609

CIRCLE 203 ON READER SERVICE CARD

ANOTHER EXAMPLE OF RIXON'S SERVICE TO ITS CUSTOMERS

THE DouBLE D LINE
A SIMPLIFIED MECHANICAL DESIGN

CLOCK OF TERMINAL EQUIPMENT FOR CLOCK
f“‘ INCREASING RELIABILITY AND s
OF ASSURING * s DECREASING COST n:, ™
POSITIVE ACCURACY SOURCE - oL

COMMUNICATION
FACILITY o

Aircraft and electrical instruments, measuring |
and timing devices, testing and recording
equipment — they all require the services of

MODULATOR DEMODULATOR

The Problem: The Solution:

PHASE CORRECTOR

sub-miniature bearingsthatinsurea fine degree
of accuracy. Bird Precision Jewel Bearings ful- |
fill this need because they are designed to

provide peak accuracy in minimum space.
Available in a wide range of standard glass and
sapphire types and sizes, including complete
jewel assemblies and cushion jewe! assemblies,
Bird Jewel Bearings can save you money on
your next design. Our engineering staff is at
your service to aid you with your special re-
quirements.

Write for your free copy of our catalog, which
completely describes the types, features and
applications of jewel bearings.

lorrd AL o

1 SPRUCE ST., WALTHAM, MASS.

serving industry with fine jewels since 1913
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Many data communications systems today are either
experimental forerunners of possible major systems
of the future or part of an overall experimental pro-
gram which may or may not be repeated. Because
of the uncertainty about the future requirement for
the hardware, it is not practical to develop special
equipment for each application. This leaves us with
the problem of constantly redesigning equipment to
fit ever-changing requirements, or having to pur-
chase superfluous equipment to meet the require-
ments. If a device is needed for development of
various timing signals, to be compatible with exist-
ing equipment, then the logical answer would be to
procure only a timing device — not a complete deck
of equipment just to get a timing generator. There
should be a solution to any requirement of this
type —a solution which would provide complete
functional units, each one performing one of the
common functions in a data communications sys-
tem. Incidentally, Rixon has the solution!

Rixon's solution is a new hardware approach based
on simple, low-cost functional units with common
mechanical features, which has eliminated the here-
tofore sacred mechanical design features. This
naturally has resulted in a drastic reduction of man
ufacturing complexity, and an equally important
improvement in reliability. Mechanical features,
whose sole purpose was to provide quick access_for
mechanical service have now, through redesign,
been eliminated —a cost-saving factor. Improved
reliability is then achieved by eliminating potential
mechanical failure points and by devoting more
careful consideration to circuit and component de-
sign margins. Therefore, Rixon can furnish you with
basic functional units which offer greater flexibility,
increased reliability, and at lower cost.

__“"—;;_7
RIXXOIN ELECTRONICS, INC.
Pz

2121 INDUSTRIAL PARKWAY

MONTGOMERY IN

JISTRIAL PARK SILVER SPRING. MARYLAN

1%
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A NEW SUBMINIATURE VARACTOR DIODE
—_— e m -

June 8,

1562

Bomac Laboratories’ new ThermoBond* silicon varactor diode provides the microwave designer with a
subminiature silicon component offering great reliability, uniformity, packaging simplicity, and size advantages,

Reliability is achieved through matching metal-to-ceramic seals and welded construction. There is no C-spring
to work loose from environmental shock, and extreme temperature; an important noise source is eliminated.
Uniformity is assured through heat bonding and batch process manufacturing techniques. Packaging
simplicity is evident in the extremely small size of the ThermoBond diode. It easily withstands normal soldering
temperatures. In addition, hermetically-sealed case construction provides long-life stability, independent of
environmental conditions. Retrofit packaging is available. A single case dimension covers 252 electrical values.

Bomac ThermoBond silicon varactor diodes are designed for use in microwave limiters, sideband
modulators, harmonic generators, low-noise parametric amplifiers, as tuning elements in voltage control
oscillators, and in solid state duplexers.

Write for technical data on the ways in which ThermoBond diodes by Bomac can aid

your microwave system design problems. *Trademark

T BOMAC laboratories, inc.
i BEVERLY 1, MASSACHUSETTS
i A Varian Subsidiary

Other Subsidiaries of Varian Associates: S-F-D LABORATORIES, INC. ¢ VARIAN ASSOCIATES OF CANADA, LTD,
SEMICON ASSOCIATES, INC. » SEMICON OF CALIFORNIA, INC, ¢ VARIAN A. G. {(SWITZERLAND)
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Self-Organizing Systems Near Hardware

By CLETUS M. WILEY

Midwest Editor

CHICAGO—More blackboard than
breadboard, self-organizing system
theory is only beginning to evolve
into hardware, according to 26 in-
vited papers presented at a confer-
ence on self-organizing systems,
cosponsored by the Office of Naval
Research and Armour Research
Foundation.

“We now appear somewhat closer
to successful creation of useful ar-
tificial self-organizing systems,”
ONR'’s Marshall Yovits told the in-
ternational group of more than 300
scientists and engineers from in-
dustry, government and founda-
tions. It is still too early to expect
significant applications, he said, but
hopes are strong that some feeling
for these will emerge from the
examination-in-depth of progress
made during the three years since
the last conference.

Exploitation of connecting path-
ways for storage between elements
was urged by D. M. MacKay, Uni-
versity of Keele, England, to in-
crease versatility and enhance
reliability of self-organizing cir-
cuits.

MacKay suggested using capil-
lary tubes, or narrow grooves, as
paths for silver nitrate in readily
mass-produced network links. Im-
pedance could be varied continu-
ously by electrolytic growth of
conducting paths. The combination
of such variable transmission lines
with nonlinear or metastable ele-
ments could serve as a detector of
temporal coincidence, he said. Delay
line network paths could provide
transient storage for running an-
alyses and short term correlations.

Control of propagation speed
could cause radical changes in ac-
tivity without altering surface
connections. Different specific re-
sponses could be elicited by specific
input rhythms through built-in
sensitivity to temporal pulse pat-
terns. Temporal coded broadcasts of
signals over a wide area could be
tuned out of a welter of other ac-
tivity by subsystems alert to them.

Use of the entire element, adding
enormous amounts of interconnect-
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Madeline configiration of five Adalives with parallel-connected inputs.
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Circuit of a memistor Adaline. Menuistors are electrochemical cells in
which information is stored as thickness (resistance) of metal film plated
or stripped by d-c. A-c is used for nondestructive sensing

ing pathways and eliminating more
lumped constants, could easily re-
duce the scale of machines by a
whole order of magnitude, MacKay
suggested.

Bernard Widrow brought con-
ferees up to date on work at Stan-
ford University on adaptive linear
neuron systems called Adaline,
using electrochemical cells called
memistors ( ELECTRONICS, p 20, Sept.
15, 1961). Unlike conventional com-
puter systems, these generalize. In-
formation is stored diffusely and
the system can be trained to react
to stimuli.

Madeline 1, containing six inde-
pendently adaptable Adalines, has
just been put under control of an
IBM 1620 computer. The computer
stores patterns and desired re-
sponses and controls neuron train-

ing. This combination, Widrow said,
is three times faster than digital
simulation of the same neurons on
the computer alone.

A larger Madeline is being
planned. When connected to the
1620, it will be faster at neuron
simulation than an IBM 7090, he
said. On this scale, a neuron simu-
lation facility is 10 times cheaper
than an all-digital simulation fa-
cility, he added.

Widrow said the objective of the
program is to develop an adaptive
computer that can be taught by men
to solve the problems of men in
the environment and language of
men, not with a machine language.
One application for such a system
is a quick-learning, self-adapting
industrial process controller.

Oliver Selfridge, of MIT Lincoln

electronics '



Lab, said people should be included
as components in experiments with
self organizing systems. “Automate
every function we know has to be,
and by observing the adaptation
that people perform with what is
left, we shall be in a better position
to automate that adaptation as
well,” he suggested.

One move in a similar direction
was discussed by James Miller, of
University of Michigan. The Mental
Health Research Institute there is
working on the adjustment proc-

- Siew v

esses that living systems
against information overloads.

Frog fibers simply stop respond-
ing to every input when rates in-
crease above critical levels, Miller
reported. Some of the fibers skipped,
some responded only to every third
or fourth impulse and others failed
for long periods, after which they
again fired repeatedly.

Human subjects using an In-
formation Overload Testing Ap-
paratus (Jota), which presented
information at variable rates on a

use

ground glass screen, responded with
similar queing, omissions allowing
for a fresh start, more queing and
finally more omissions.

Addition of components to an
information processing system ap-
parently lowers channel capacity,
Miller concluded, summing up ad-
ditional experiments. The necessity
to recode at the border between
components inevitably results in
some loss of information, he said,
and no channel can be faster than
its slowest components.

Satellite Communications in a Few Years?

By RAY BLOOMBERG

McGraw-Hill World News

SEATTLE — Intercontinental and
worldwide satellite communications
were discussed at length during the
IRE Seventh Regional conference
here. Such systems are seen as op-
erational within the next few years.

So imminent is satellite commu-
nication that Great Britain is said
to have abandoned plans for a sub-
marine cable project scheduled to
start in 1964. Prospects are that
the United States, Russia, and the
British Commonwealth will each
have a system.

Robert T. Haviland, of General
Electric, said three families of
satellite systems will be needed:
polar random, equatorial ring and
synchronous systems. Synchronous
systems will employ three satellites,
an equatorial ring eight to 12 and
a polar group 30 to 50.

Haviland said a study based on
a 10-satellite ring indicated the
heaviest traffic load, at noon over
the North Atlantic, would use about
1,000 4-Ke channels in 1970-1975.
Another 1,000 channels would serve
the rest of the world. Data traffic
is expected to increase faster than
telephone traffic.

Of the three use classes of sys-
tems—relay, broadecast and dis-
tribution—Haviland saw the great-
est traffiec gain in intercontinental
relay. Traffic increase was con-
servatively estimated at 10 to 20
percent a year, with the original
system soon loaded to capacity.

There is not yet enough power
available for high-quality tv broad-
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casts, but he thinks worldwide tv
will be possible in the 1970's. Broad-
casts could now be made over a
restricted area, such as South
America. Distribution satellites
would handle weather and perhaps
airways traffic.

Communications satellite proj-
ects programmed by NASA and the
Department of Defense were re-
viewed by Victor F. Evans, of DOD.

Evans said DOD believes satel-
lites will make important contribu-
tions in these three areas of com-
munications:

e Long-haul, point-to-point links
providing few circuits to remote
areas of the world having light

traffic loads. Transportable ground
equipment would establish new cir-
cuits on short notice.

* Fixed, long-haul, point-to-point
trunks providing many circuits be-
tween major traffic nodes, such as
those on the U. S. east coast, Eu-
rope, North Africa or the Middle
East, and from points on the west
coast to Hawaii, the Philippines and
Japan.

* Mobile communications between
fixed points and mobile stations, or
between mobile stations.

Evans said most systems will em-
ploy satellites in high-altitude syn-
chronous orbits, or in subsynchron-
ous orbit.

Test Ship’s Missile-Tracking Antenna

Thirty-foot C-band radar antenna
with Cassegrain reflector is placed
atop tower at Sperry Gyroscope’s
mile-long antenna range for tests
and boresighting. It will go aboard
Mobile Atlantic Missile Range ship
(ELECTRONICS, p 22, July 28, 1961)
as part of integrated L-, X- and
C- band system that can gather data
on three targets at once. All-alu-
minum antenna is designed mot to
distort more tham 0.06 inch from
heat, wind and ship motion. Sperry
Rand s instrumenting two Mars
ships under $60 million in A{r Force
contracts. The ships will be sta-
tioned in the Indian Ocean to track
misstles fired 10,000 miles from
Cape Canaveral. Communications,
telemetry, inertial navigation, com-
puter, meteorological and opera-
tions control systems will also be
installed on the ships

n
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Advanced-program openings at Boeing for
STRUCTURAL AND ELECTRONIC / ELECTRICAL ENGINEERS

Boeing’s Aero-Space Division, holder of mnajor contracts on such
advanced space programs as SATURN. Dy~¥a-SoaRr and MINUTEMAN,
has a number of immediate, long-range openings offering profes-

sional challenge, and in many instances,
unique ground-floor opportunities in
newly-formed divisional organizations.

STRUCTURAL engineering openings require
knowledge of the air loads, high heating
rates, extreme differential temperatures,
material oxidation and creep associated
with advanced vehicles designed for flight
regimes ranging from orbital to normal
landing speeds.

ELectronic/ELECTRICAL engineering as-
signments are available in many areas,
including the design of electronic equip-

Divisions: Military Aircraft Systems ® Transport

22

BOEING

verta o AERO-SPACE o [ngustrial

ment. the development of improved design techniques, electronic
parts, clectronic packaging techniques and the design and develop-
ment of improved electronic systems.

Salaries are commensurate with all levels
of education and experience. Minimum
requirements are a B.S. degree in any
applicable scientific discipline. Most of
the assignments are in the uncongested
Pacific Northwest, offering outstanding
family living and recreational advantages.

Send your resume, today, to Mr. 'm.
B. Evans, The Bocing Company, P.O.
Box 3707 - ECI, Seattle 24, Washing-
ton. The Boeing Company is an equal
opportunity employer‘

Products—Boeing Scientific Research Laboratories
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From Kaytheon/ Rheem:

1N3730/RD750 subminiature power diodes feature high
conductance—1 Amp @1 volt— at nanosecond switching speeds

RAYTHEON/RHEEM 1N3730/RD750

High-speed, high-current core driving This
Raytheon/Rheem . 107”-diameter silicon diode com-
bines high power dissipation plus ultra-high conduct-

ance — typically 1 Amp @ 1| volt. Result: cooler
junctions and more reliable operation. Switching
speed is 15 nanoseconds max. at 10 mA (Vi = — 6V,

R = 75 ohms); power dissipation rating is 750 mW
— three times that of conventional diodes. The high
current capabilities of the 1N3730 provide substan-
tial operating stability for greater reliability.

Miniaturized power supplies The IN3730/
RD750 marks a big step forward for low frequency
power supply design. Extremely fast turn-on time —
Vi (peak) is typically 1.0 volt at Ir =750 mA —

KEY PARAMETERS

o Switching Speed 15 nanosecond max.
o Forward Conductance.. 1 Amp @ 1 volt typical

o Power Dissipation 750 mW max. @ 25°C.

prevents impulse distortion and undesirable voltage
feedback. Superior turn-off results from a low stored
charge (typically less than 20 picocoulombs per mA).
Computer switching This subminiature diode is
ideal for a large number of computer applications
because of its wide switching current range — 1.0 mA
to 5 Amps. Actual specification at several current
levels is your assurance of ultra-fast reverse recovery
over a wide range. Direct correlation to stored charge
is also provided.

For complete details.  please call or write the
Ravtheon Field Office nearest you, or write Raytheon
Semiconductor  Division, 900 Chelmsford Street,
Lowell, Massachusetts.

FAST TURN-ON TIME

FIVE AMPERE PULSE SCOPE TEST — COMPARING
TURN-ON FIME OF 1N3730/RD750 WITH STANDARD
COMPUTER DIODE

#SEC. 5 AMPER
REP. RATE 5

NDARD HIGH CONDUCTANCE _ |
COMPUTER TYPE

L-RAYTHEON/RHEEM 1N3730/RD750

1.0 1.5
TIME — usec




500 mc
WIDE

FOR FURTHER INFORMATION, WRITE, WIRE
OR CALL:

APPLIED RESEARCH INC.

516 PO 7-8707
76 SOUTH BAYLES AVENUE
PORT WASHINGTON, NEW Yomc

INPUT:

App//ea’ ﬁesea/cl; ine.
Port Washington, N.Y.
VARACTOR MULTIPLIER
VM-5625 /500-3

INPUT IG00 T0 1867 me 1S0mw
QUTPUT 5400 70 5300 me  I0mw

SOME AREAS STILL OPEN FOR REPRESENTATION

DESIGNERS AND MANUFACTURERS OF . . «
BAND PASS FILTERS . . OCTAVE AMPLIFIERS

INTEGRATED RF COMPONENTS . . .
. BROADBAND VARACTOR FREQUENCY MULTIPLIERS . .

( ) Clad Metal
\ U 4 Combinations Q

Tin Clad Nickel
Lead-Tin-Antimony Clad Nickel fron
Tin-Lead Clad Nickel

Gold-Antimony Clad Molybdenum
Gold-Antimony Clad Nickel lron

Single or Double clad in continuous coils
NEW COMBINATIONS BEING DEVELOPED DAILY

. * Precision Parts

@ Fabrication

k]

Long experience with the
¢ R electronics and allied indus-
! tries plus exceptional tooling
. facilities qualify to meet
) d semiconductor parts require-
%) @ ments at low cost with com-

. plete conformity.

SPECIFY BOTH L& G AND GF

For Alloys and Clad Metals For Precision Parts

LEACH & GARNER COMPANY /GENERA[ FINDINGS INC.

For complete information on materials and parts write 52 Pearl Street, Attleboro, Massachusetts
SALES OFFICES: NEW YORK ¢ CHICAGD ¢ LOS ANGELES

24 CIRCLE 24 ON READER SERVICE CARD

PART OF THE EXPANDING APPLIED RESEARCH INC.
LINE OF FREQUENCY MULTIPLIERS

C-BAND TRIPLER

Broadband Frequency Multiplier
VM-5625/500-3

1600 TO 1967 mc
OUTPUT: 5400 TO 5900 mc
ALL SPURIOUS DOWN 60 db

150 mw
20 mw

LOW NOISE AMPLIFIERS
. MULTIPLEXERS

CIRCLE 204 ON READER SERVICE CARD

INSERT GUMPUNENTS FASTER

With Dynasert you can insert compo-
nents in PW boards up to 10 times faster
than by hand. The Dynasert inserting
machine feeds, cuts and bends leads, in-
serts and clinches all types of axial lead
components. Practical even for sample
runs. Find out more. Call or write Mr.
D. R. Knight, Dynasert, United Shoe
Machinery Corp., Boston 11, Mass.
Area Code 617, LIberty 2-9100.

Anited
DYNASERT.

CIRCLE 205 ON READER SERVICE CARD
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CLYDE M. SALISBURY CO.
MOntrose 40586, 1453 Seventh Avenue

San Francisco 22, California.

WALLACE AND WALLACE
Richmond 7-0401 (TWX-LA 593), 1206 Maple Avenue

Los Angeles 15, Californ
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REPCO SALES
PLaza 7-2911, 401 N. W. 71st Street
Miami, Florida.

ELECTRONIC SALES, INC.
SKyline 6-4148, 2641 S, Ivy Street

Denver 22, Colorado. EDWARD F. AYMOND CO.
DALLAS 3915 Lemmon- LA 6-5233, TWX DL-206-U

HOUSTON—5010 Carew-—MO 6-1804

NEW ORLEANS—6305 Leslie-—834-0196
can also give you quotations

power supplies, transformers,
on top-quality EIC printed

These distributors can handle
modulators, demodulators, and
circuits,

your needs for standard off-
the-shelf or custom solid state recording oscillographs. They

Transformers and chokes

Magnetic recording heads Recording oscillographs Recording interval timers

ELECTRODYNAMIC INSTRUMENT CORPORATION

Em———
I C Subsidiary of Reed Roller Bit Company

Houston 25, Texas

TWX HO-1147 /] JA 6-3761
25

.

1841 OIld Spanish Trail
CIRCLE 25 ON READER SERVICE CARD
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Waveforms in a pem bit synchron-
ization system showing typical sig-
nals with noise (A), the integrator
output determining presence or
absence of a pulse (B) and the de-
tected ontput signal (C), inkerently
delayed by one bit

What to Do with All That Telemetry Data?

By LAURENCE D. SHERGALIS

Associate Editor

WASHINGTON—One of the most an-
noying problems facing telemetry
designers is what to do about proc-
essing the volumes of magnetic tape
recorded during a missile or space
flight.

Vanguard III, for example, pro-
duced 6,000 2,400-foot reels of tape
in its first three months of flight.
All of it had to be converted into
curves and other readable data.
Goddard Space Flight Center is re-
portedly putting up new buildings
to store tapes expected from future
space flights.

A favored solution is processing
data in the satellite before trans-
mitting it to ground. Transmitting
only essential data reduces telem-
etry system requirements as well as
data processing effort.

One technique discussed at the

National Telemetering Conference
late last month is compressing band-
width, then reconstructing the data
on the ground. Another method is
to process data on-board and trans-
mit the actual curves. Reducing
bandwidth by reducing data rate
will also conserve the frequency
spectrum.

Adaptive digital telemetry sys-
tems offer another way to filter out
irrelevant material. Bernard Harris
and Robert Sommer, of New York
University, described a decision
feedback system that notifies the
transmitter when the information
received is sufficient to decide on
the actual message. Much redun-
dancy is eliminated.

An adaptive system also permits
control of the telemetry transmit-
ter’'s power output, depending on
the prevailing signal-to-noise ratio.
An adaptive system in which the
telemetry format may be modified is

also considered possible.

At present, almost all telemetry
systems use pem because its bit
rate may be varied over an ex-
tremely wide range. Benn Martin,
of Jet Propulsion Labs, claims bit
rates in pem may vary 1,000:1.

However, because pem systems
have been designed around ex-
tremely small error rates, reliability
becomes a major problem to de-
signers. Herman LaGow, of God-
dard, says reliability requirements
have gone up at least two orders
of magnitude since Vanguard. And
designers of spacecraft equipment
face a unique problem—how do you
get reliability statistical data from
one or two samples? Essentially,
equipment is one of a kind.

Two solutions are suggested: to
overtest, or to put more emphasis
on environmental testing and test
to much higher specifications.

Consensus of many engineers at
the meeting was that the major re-

liability problem areas include:
using failure rates that are too
optimistic; inaccurate derating

figures, especially in load-sharing
or redundant applications; ignoring
interactions between subsystems:
ignoring switching applications in
standby applications, and ignoring
transients and their effects on the
systems.

One major environmental prob-
lem that tends to be overlooked is
the effect of acceleration forces on
satellite components. A 20-inch
diameter satellite spinning at 600-
rpm subjects components at the

Data-Control Systems’ predetection
recording equipment records i-f sig-
nals on wide-bandwidth magnetic-
tape recorder. Any type of tele-
metry signal can be handled on
similar equipment



S-BAND TELEMETRY WAITS ON HIGIHER FREQUENCY COMPONENTS

WASHINGTON—A  sampling of wmanufocturers ot
the National Telewetering Conference indicates
that little progress is being made toward maling
cquipment generally available for the coming
nove of telemetry bands to S band ( ELECTRONICS,

p 32, March 30).

Engineers indicated that efficient and reliable
components for those frequencies are still not
within the state of the art. While some cquipment
is being prodieed on special order, several firms
said they have no plans ot present to produce

lines of S-band transmitters or receivers

outer edge to 20 g.

Predetection recording techniques
are receiving more attention from
system  designers  because  wide
bandwidth tape recorders are avail-
able. Ampex exhibited its FR-700,
a 4-Me wideband recorder. In the
demonstration, the spectrum from
535 Ke to 4 Mce was recorded on
tape without bandsplitting. One ad-
vantage of predetection recording

is its ability to handle many types
of data transmission with a mini-
mum of recording equipment. Ac-
cording to Owen Ott. of Data-
Control Systems, pam f-m and
pacm f-m may be accommodated
without special recording equip-
ment or techniques. The disadvan-
tage of predetection is the large
amount of tape used during a typi-
cal run.

Data-Control Systems introduced
a bit rate synchronizer that detects
the presence or absence of a pulse
in high noise. The device uses the
integrate-and-dump technique in
which the entire bit interval is in-
tegrated. If the result is positive.
a pulse is present; if negative, a
pulse is not present. Bit synchroni-
zation reportedly improves bit error
rates.

New Power Sources Emerging from R&D

By MICHAEL F. WOLFF

Senior Associate Editor

ATLANTIC CITY—Advances toward
practical hardware in fuel cells
and thermal energy conversion sys-
tems (ELECTRONICS, p 35, April 6)
highlighted the recent 16th Annual
Power Sources Conference spon-
sored by the Army Signal R&D
Lab.

Ion-exchange membrane fuel cells
are beginning to prove practical,
claimed E. A. Oster, of GE. Present
programs include furnishing the
Air Force 25-w batteries with 170-
hour life for orbital tests, 2-Kw
batteries for Gemini (p 8, May 18)
and studies of fuel cells as motive
power sources for submarines.

Radioactive regenerative fuel
cells are potentially a long-life
power source. J. Yaeger, of Union
Carbide, said a prototype in which
gamma radiation is applied to a
ferrous sulphate solution has been
built for Navy. The 5-w unit’s effi-
ciency is three percent.

A methanol-air fuel cell battery
was discussed by B. L. Tarmy, of
Esso Research and Engineering.
Other soluble carbonaceous fuels
may be used. D. H. Archer, of
Westinghouse, described a cell
using a ceramic electrolyte of zir-
conia containing 15 percent calcium
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oxide as an anion conductor, Elec-
trodes are porous platinum. The
cell can operate on a variety of
fuels and has a nominal circuit
voltage of 1.2 v.

Biochemical fuel cells, producing
power with bacteria and other or-
ganisms, were surveyed by G. H.
Rohrback, of Magna Corp. He re-
ported operating a urea battery and
a multiwatt magnesium sulfate cel]
designed for ocean use.

P. A. O'Riordan, of Navy Bureau
of Ships, said that specific power
of 7 w/lb has been demonstrated
in portable thermoelectric genera-
tors and that efficiencies of engine-
generator systems are being ap-
proached. Efficiencies of five per-
cent and 24 w/Ib could be achieved
in a 300-w to 500-w generator if
junction resistance can be cut to
one-tenth its present value. After
several hundred hours operation,
power output fell 28 and 40 percent
in propane-fired generators deliv-
ered to the Navy last July.

A 45-w thermoelectric genera-
tor being developed for USASRDL
was described by Melvin Barmat,
of General Instrument. It will have
a 12-hour gasoline supply, weigh
10 1b and provide 50 w-hr/lb. Goal
is a 1,000-hr front-line system.

Similar requirements were re-
ported by W, R. Martini, of North

American Aviation, for gasoline-
powered thermionic converters.
While these face high-temperature
problems, they would be very light.
A 100-w system with five percent
efficiency would have half its weight
in the fuel supply. He expects to
demonstrate two-percent efficiency
in a converter with 1,400 C cathode
temperature.

Thermo Electron Engineering is
designing a 45-w portable cesium-
diode thermionic generator for
USASRDL. Overall efficiency is now
two percent, target is four percent
and system weight of 10 Ib. G. N.
Hatsopoulos reported that percent
efficiency of the gasoline burner,
now 23, may be raised to 30 or 40.

Electrochemical couples are re-
versible in molten salt secondary
batteries, according to E. F. Uhler,
of RCA. He said they could be
used in space systems. The theo-
retical performance of these sys-
tems is 500 w-hr/Ib.

In a panel discussion of radia-
tion-resistant solar cells, J. Mandel-
korn, of USASRDL, reported that
n on p cells from 10-ohm-cm silicon
have at least twice the resistance
of the best 1-ohm-cm material.
F. M. Smitz, of Bell Labs, said that
annealing was observed in #» on p
silicon cells after several days pro-
ton bombardment.
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Defense Contracting

CHICAGO—Department of Defense
spokesmen told Electronic Indus-
tries Association members that in-
centive contracts for development
work will be much more prevalent
soon. The philosophy—expressed
in a seminar at the EIA annual con-
vention—was ‘“‘something for some-
thing, nothing for nothing.”

Air Force wants to “make our
procurement in a highly competi-
tive market,” said Major Raymond
Staley, USAF, “and we want to
give our development work to the
low bidder. Unfortunately we can’t
always use that simple method.”

Staley said Air Force is now ask-
ing bidders to propose incentive
contracts. The goals set in pro-
posals will be used as ceilings in
future negotiations; in effect bid-
ders are asked to set their goals.

A Navy procurement official, Mil-
ton Jones, said cost-plus-fixed-fee
contracts will be restricted to work
“so nebulous that DOD can’t fix
concrete goals. Other work will be
done on incentive contracts negoti-
ated with risk taken into account.”

“With the new incentive con-
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Well- Logging Technique to

By LEON H. DULBERGER

Assistant Editor

WASHINGTON—Instrumentation for

measuring ionized interplanetary
gas, lunar surface texture, vif
propagation in space, and an

X-band radar for space rendezvous
were among the equipment and
techniques reported late last month
at the Instrument Society of Amer-
ica meeting.

K. W. Linnes, of Jet Propulsion
Laboratory, discussed techniques

Subsurface geophysical probe under
development at JPL for lunar
measurements. Case is 21 inches
long and one inch in diameter

Shifts to Incentives

tracts,” said Emanuel Kintisch, of
Army, ‘*the renegotiation board
takes into account the contractor’s
efficiency when considering per-
formance.”

The board says it understands
the objectives of the incentive pro-
gram is to reward efficiency and
penalize inefficiency. In its reports
to the renegotiation board, DOD
will highlight superior—or inferior
—contractor performance, Kintisch
said.

“Don’t promise the government
anything in your proposal that you
aren’t willing to be pinned down
to,” Staley said.

Jones added that contractors
should propose goals which they
think are reasonable and as pre-
cisely defined as they can be at the
time. Goals will be pinned down
during negotiation. Incentive pro-
posals are to be much more defini-
tive and not nearly so broad as
fixed-fee proposals.

Present DOD thinking indicates
that incentive development con-
tracts will be over $1 million and
run more than 18 months.

for measuring the moon’s surface
texture. Equipment being devel-
oped will analyze surface composi-
tion and such surface and subsur-
face properties as density, acoustic
velocity and penetrability.

A drill boring into the surface
will give texture data from drill
rate as a function of thrust, acquire
samples for composition analysis
and also provide a hole for measur-
ing subsurface temperature.

An instrumentation package now
being breadboarded at JPL com-
bines several measuring devices in
a small-diameter probe that can be
lowered from spacecraft (see illus-
tration) into a hole.

The decentralizer spring, me-
chanically coupled to a potentiome-
ter, will press the probe against the
hole wall and measure hole diame-
ter as a function of spring compres-
sion. Backscattering from a gamma
ray source, measured by a g-m tube,
will provide density information.
An infrared radiometer and ther-
mocouples for temperature meas-
urement, and a geophone to deter-
mine the velocity of sound from a
distantly fired squib are also in-
cluded.

Satellite instruments for investi-
gation of ionized interplanetary gas
were described by R. H. Baker, of
MIT Linecoln Laboratory. The de-
tectors and instruments can meas-
ure direction, speed, density and
temperature of plasma with labora-
tory accuracy, he said, One solid-
state instrument uses a modulated
Faraday cup mounted flush with the
satellite skin and open to the space
environment. The preamplifier at
the cup employs a feedback-stabi-
lized design so it will operate at the
temperature extremes resulting
from solar heating of the cup.

Among several magnetometers,
was a spin-precession type reported
by J. T. Arnold, of Varian Associ-
ates. It uses optical detection. Reso-
nance radiation is supplied by a
lamp and a photocell is used as a
pickup. Arnold said the system can
detect phenomena occurring from
20 cps to r-f and that it gives good

electronics
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space vehicles at 3 Ke to 30 Ke were “1
discussed by L. H. Rorden and L. E.
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tute. Absorption, time delay and

other variables affecting operation

in the D and E regions have been = -y

measured. The authors described

receivers with sensitivity of 107

gamma (in free space, three A spot size less than 0.002”, high brightness
at low beam currents (depending on screen
phosphor), highlight this new M1013 tube.

The smallest high resolution electrostatic

CRT ever made, it weighs only about

gamma equal 1 pv/meter) and dy-
namic range of 90 db. Antenna im-

8 ounces when shielded, potted and with
4’ flexible leads.

pedance in space was measured with
a complex Z bridge.
D. C. Enemark, University of

Iowa, told how radiation in the

inner portion of the Van Allen

belt was measured by scintil- Developed originally for portable PPI radar

lation and solid-state detectors display, the M1013’s 500 line/inch
resolution (minimum) also paves the way
for optical magnification and projection
with display area and definition equivalent

to 10” or 12” tubes. For details, write

for ETC Bulletin M1013.

activated by a magnetometer
sensing the earth’s field. The in-
strumentation covers the electron
energy range from 500 Kev to 1.2
Mev and proton energy from 1 Mev
to 60 Mev. The work, conducted for
communications satellite studies,
included solar cell deterioration
checks.

Several symposium speakers
stressed the need for 100 percent
tests of components used in space
instrumentation. Many designs em-
ploy redundant subsystems within
a complete major system and pro-
vide for automatic switching or
doubling up of signals to an oper-
ating subsystem if a unit fails.

An orbital rendezvous guidance
and control system using X-band,
f-m—c-w radar was described by
F. Blitzer, G. C. Bonelle and B. A.
Kriegsman, of Raytheon’s Missile
and Space division.

A manned space ferry would be
guided to boarding position along-
side an orbiting space station by a
radar and transponder system. The
ferry, from a position ahead of the
space station, would automatically [

decrease its speed until it is close to ! ) ( D o e » N ; 9 o o
8leetronle tube & insirument division

the station and traveling at the
of General Atronics Corporation

same speed. Among reasons for
1200 E. MERMAID LANE, PHILADELPHIA 18, PENNA.

Y'S'N NI J0VW
NMOLTHHAANNN

PaCing trends
IN CATHODE RAY TUBE DESIGN
...since 1937

The M1013 prompted one customer to write,
“ETC has reduced to practice what others
refuse to put on paper.” It is one of many
recent ETC tube developments that provide
new concepts in high resolution display for
improved radar tracking, fire control and
instrumentation. Others incorporate fiber optic
faceplates, glass rodded construction and
other techniques that pace the latest state of
the art. Inquiries for specific requirements
will receive prompt attention.

}),
2
!

—

choosing an X-band radar is its
ability to see through the ferry’s
exhaust flame. (formerly Electronic Tube Corporation)
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SPRAGUE

ELECTRIC
\ GERAMIC
- ELEMENTS

ELEMENTS
FOR ALL
~ APPLICATIONS
~ AS WELL AS
COMPLETE
TRANSDUCER ASSEMBLIES
FOR MOST APPLICATIONS,
SUCH AS UNDERWATER
SOUND AND
VARIOUS ORDNANCE AND
MISSILE DEVICES. !

|

.

Sprague-developed mass producnon
and quality-control techniques assure
lowest possible cost consistent with
utmost quality and reliability. Here
too, complete fabrication facilities
permit prompt production in a full,
wide range of sizes and shapes.
Look to Sprague for today’s most
advanced ceramic elements — where
continuing intensive research prom-
ises new material with many proper-
ties extended beyond present limits,
o3
)’ ?g' YOUR INQUIRIES
% i ARE INVITED

@;\ WRITE FOR
=" LITERATURE
SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

PIEZO-
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Manufacturers and distributors huddle during caecutive conference day

Parts Show Hosts

cHIcAGO—Unique executive confer-
ence day, providing some 12,000
individual meetings between dis-
tributors and manufacturers, was
declared a successful prelude to the
25th annual Electronic Parts Show
and Conference in Chicago late last
month. Manufacturers and distribu-
tors used the sessions to discuss
new products, programs and poli-
cies. More than 15,000 distributors
attended the show and more than
300 manufacturers exhibited.

Multiplex broadcasting—claim-
ing nearly 100 stations on the air
this spring., with another 200 ex-
pected by next fall—was again a
major iniluence this vear. Emphasis
has shifted from tuners and adapt-
ers to improved outdoor antennas
to compensate for the estimated 20-
percent decrease in signal strength
which follows the shift to multiplex
broadcasts in fringe areas.

An omnidirectional, electrically-
switched antenna introduced by All
Channel Products is said to be
comparable to nine highly diree-
tional tv antennas. plus nine full
wave f-m antennas. B & G division
of Dynascan Corp. exhibited an
omnidirectional, seven-element, hor-
izontally polarized antenna for
multiplex. Cornell-Dubilier offered
a 46-Kc ultrasonic remote control
of antenna rotation, for distances
up to 30 feet.

12,000 Conferences

Clear Beam Antenna Corp. has
developed a vertically linear ar-
rangement of seven stacked dipoles
providing high gain with flat re-
sponse for f-m multiplex reception.
Parabolic dish inspired by the Mid-
west Program for Airborne Tv In-
struction (Mpati) can also be used
for all-channel uhf reception. A
single dipole eliminates phasing
losses, according to Clear Beam.

Technical Appliance subsidiary of
Jerrold also offered uhf parabolic
dishes for the 800-Mc to 890-Mc
Mpati translator range. Jerrold ex-
hibited new uhf preamplifiers, an-
tenna splitters and converters.

Jensen Manufacturing division
of the Muter Company introduced
a private earphone stereo system
featuring right-to-left and left-to-
right electrical eross feed with fre-
quency and phase adjusted to simu-
late presence of conventional stereo.
RCA introductions included a stereo,
high-fidelity, multiplex receiver am-
plifier with a Nuvistor f-m tuner
and a 90-mw citizens band trans-
ceiver.

An electronic oven, using a
2,450-Mc German magnetron, was
introduced for the industrial mar-
ket by Seco Electronics. The unit is
priced at $2,650. Franklin Com-
pany produced its own magnetrons
for consumer units priced just
above $1,000.

electronics



ACTUAL SIZE

We have two new r-f connectors. They are wee ones.

They are designed to replace N series connectors in the 1 to 10
KMC frequency range where size, weight, and low VSWR ratings
are critical factors.

The larger small one is the BRM. It terminates .140 semi-rigid
cable either by threading or by threading and soldering. The

smaller small one is the BRMM. It is for a .085 semi-rigid cable.

Talk about low VSWR ratings. Look at these curves. The black
one is for the BRM; the red one is for the BRMM. The maximum

VSWR is less than 1.1:1 over the frequency range of 1 to 10 KMC.

Now, about size and weight. The BRM connector is 1/28 the

FREQ. KMC

June 8, 1962

size of its N series counterpart. And it weighs 1/38 as much. The
BRMM unit is 1/48 as large as the N series connector, 1/70 as
heavy. You might call them miniatures. They are.

These precision r-f environmental resistant electrical con-
nectors are machined from brass and heavily gold platec over
silver underplate. The center dielectrics are electrical zrade
Teflon. They show high performance and excellent durability.

Developed at the Research Laboratories Division of Bendix,
this new series of r-f connectors has been thoroughly production
designed by Scintilla Division for maximum user satisfaction.
Possibly you have an application in which the use of our new r-f
connectors would be advantageous. Tell us about it. Or, write us
in Sidney, New York, for technical data.

Scintilla Division [R-2 d

CORPORAT)ION
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start clean!

with this new ultra-low distortion,

stable-amplitude oscillator

When the specs get critical, you need an oscillator that won’t add distor-
tion and instability of its own. Here's a stable-amplitude, low-distortion
oscillator — Krohn-Hite’s new Model 446 — that gives you a cleaner
sine wave than any other oscillator you've ever worked with!

Amplitude stability is ultra-high: 0.001 db (0.01% ), due to a unique
infinite-gain AVC circuit (patent pending). Amplitude bounce near
line frequency is no longer a problem — less than 0.05%. Distortion
— phenomenally low: less than 0.01%.

But that’s not all. The 446 push-button oscillator offers continuous
frequency coverage from one cycle to 100 kc. Voltage output is con-
tinuously adjustable from 0 to 10 volts, with infinite resolution all
the way.

And when you need power along with stable amplitude and low distor-
tion, team up the Model 446 oscillator with Krohn-Hite's Model
UF-101A ultra-low distortion 50-watt amplifier. Here's an amplifier
which preserves the stability and distortion-free characteristics, even at
a full 50 watts. Frequency response of the amplifier — from 20 cps to
20 kc at full power. A convenient load impedance switch offers a choice
of 1,2,4, 8 and 225 ohms.

Together, this oscillator and amplifier provide a highly-stable, low-
distortion, variable-frequency Power Source (Model LDS-115) — for
the most critical meter calibration or measurement neceds. Send for
technical literature on these necw Krohn-Hite instruments.

KROHN-HITE CORPORATION

580 Massachusetts Avenue « Cambridge 39, Mass.

Pioneering in Quality Electronic Instruments
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MEETINGS AHEAD

MOLECULAR BEAMS CONFERENCE, Brook-
haven National Laboratory, Upton,
N. Y., June 11-13.

ARMED FORCES COMMUNICATIONS &
ELECTRONICS ASSOCIATION CONVENTION
& SHOW ; Sheraton Park and Shoreham
Hotels, Washington, D. C., June 12-14.

AEROSPACE TRANSPORTATION RECEIVERS
CONFERENCE, IRE; O’Hare Inn, Chicago,
I11., June 18-19.

BROADCAST & TELEVISION RECEIVERS
CONFERENCE, IRE; O’Hare Inn, Chicago,
Ill., June 18-19.

PRINTED CIRCUIT SYMPOSIUM, Stanford
U., California Circuits Assoec.; at the
University, Palo Alto, Calif.,, June
20-22.

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

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

COMPUTER AND DATA PROCESSING SYM-
posiuM, Denver Research Institute;
Elkhorn Lodge, Estes Park, Colo.,
June 27-28.

AUTOMATIC CONTROL JOINT CONFERENCE,
IRE-PGAC, AIEE, ISA, ASME, AICHE; N. Y.
Univ., New York City, June 27-29.

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

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

MEDICINE & BIOLOGY DATA ACQUISITION
& PROCESSING, IRE-PGME, AIEE, ISA;
Strong Memorial Hosp., Rochester,
N. Y., July 18-19.

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

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

WESTERN ELECTRONICS SHOW AND CON-
FERENCE WEMA, IRE; Los Angeles,
Calif., Aug. 21-24,

ADVANCE REPORT

AEROSPACE & NAVIGATIONAL ELECTRONICS
EAST COAST CONFERENCE, IRE: Baltimore,
Md., Oct. 22-24. June 15 i8 the deadline
for subntitting 5 copics of 500-word ab-
stract together with bricf professional
biography to: William C. Verga, Chuir-
man Technical Program Committee, Adr.
Res. Dept., Bendic Radio Corp.. Towson
J. Md. Arcas include: communications.
computers, air traffic control, ground
support cquipment, guidance and con-
trol, spectrum utilization, propagation,
microwaves, antennas, radar, oplical
MASCrS.

ULTRASONICS SYMPOSIUM, IRE-PGUE: (Yo-
lembia  Unirersity, NYC, Nov. 28-10.
Ang. 13 is the deadline for submitting 3
copics of a 280-word abstract to: R. N.
Thuston, Technical Program Chairman.
Bell Telephone Laboratories, Murray
Hill. N, J. DParticular emphasis will be
given to microwarc wltrasonics.
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Control of a vehicle using a predictor instrument. Ellipse defines desired position; predictor symbol defines pre-
dicted position of vehicle for next five seconds, assuming control is returned to center. This vehicle is8 so unstable
that it is wncontrollable with normal instrumentation. Photos show: level flight above and to the left of desired po-
sition (A); begin dive (B); dive and turn in progress (C and D); leveling off (E); straight and level “on target” (F)

Piloting Nuclear Submarines

WITH CONTROLS THAT LOOK INTO THE FUTURE

Predictor gives an operator information about the future of the

variable he controls by extrapolating present conditions into

the future. Applications are in planes, ships, submarines or any

dynamic system with a measurable response that can be simulated

By A. GEORGE BERBERT

Senior Engineer

CHARLES R. KELLEY

Laboratory Director

Dunlap and Associates, Inc.
Stamford, Connecticut
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AS AN EXAMPLE of the problems of
manual control, when a submarine
commander orders a quick dive to
a certain depth, the usual method
is to move the controls to the maxi-
mum dive angle, pull out before
the desired depth and try to level
off as soon as possible. The result
is usually an oscillation type of sub-
marine motion, above and below the

desired depth.

A new predictor instrument al-
lows the operators of a submarine,
or any other vehicle or system re-
quiring such control, to predict
their future motion, and to see
when to start leveling off, thereby
minimizing overshoot and oscilla-
tion.

Semiautomatic control systems

35



TWO-

DIMENSIONAL
CONTROL STICK

REAL -TIME

POSITION, ANGLE, RNl DISPLAY
AND RATE SYSTEM GEN
INFORMATION SIMULATION

PREDICTED OUTPUT

O FUTURE TIME '

CONTROL
|NPUT}

REAL-TIME TIMING
SYSTEM GEN

PREDICTOR
QUTPUT

FUTURE TIME

0

PREDICTED OUTPUT

TIME
SHARING

) (D)

FIG. 1—Dredictor instrument and associated equipment (A); display 1
(B); spiral predictor display (C); road-type predictor display (D)

can program a submarine to per-
form a dive along a projected tra-
jectory, but at a sacrifice of flexi-
bility. Using the predictor, an op-
erator is not held to the trajectory,
and can change it at will.

The predictor instrument is a
display for manual control of a
vehicle or other high-order system.
It is an application to manual con-
trol of a concept developed origi-
nally for automatic systems." The
predictor provides the operator
with an extrapolated future value
of the variable under control, which
is generated by a high-speed elec-
tronic model of the system. Oper-
ating repetitively, the model is set
to correspond to conditions in the
real-time system at the start of
each cycle of its operation. As the
model then predicts, a programmer
generates an assumed control ac-
tion by the operator during the
prediction period; for example, that
he returns his control to zero. The
prediction signal therefore consists
of real conditions extrapolated into
the future by a fast-time model as
constrained by the program. This
prediction signal is displayed to the
operator on a cathode-ray tube or
other presentation.
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The operator controlling by a
predictor instrument interprets his
prediction as follows: “This display
shows what is going ‘o happen if I
move my control according to the
program. such as returning it to
zero.”” The operator using a pre-
dictor instrument moves his control
to modify continuously what is pre-
dicted into what is desired of the
system.

An article has appeared detailing
the predictor instrument concept
and describing the improvements in
control and the reductions in train-
ing time that result from its use.
This article describes circuits used
in laboratory versions of the in-
strument. The circuits are the re-
sult of combining equipment on
hand, mainly analog computer com-
ponents, with constructed electronic
accessories. The results were satis-
factory, although the techniques
were not elegant. Such things as
the time-sharing and reset circuits
and their pulse generators could
well have been used as special-pur-
pose equipment. However, the cir-
cuits used work well.

The equipment generates a num-

ber of displays that predict the
future motion of an observer-

controlled real-time vehicle. The
discussion concerns the method of
obtaining these displays for this
two-dimensional predictor instru-
ment. All displays for the predictor
instrument are generated with the
same vehicle circuits and are con-
trolled for display by the same time-
sharing devices. Differences be-
tween the displays are in the
method of modulating the vehicle
information (Fig. 1A).

A number of displays of the fu-
ture motion of the vehicle are used
at different times during the test-
ing period. Display 1 (Fig. 1B) is
a two-line display that graphically
predicts vehicle position using sep-
arate plots of the vertical and hori-
zontal courses. A 17-inch cathode
ray tube face is divided into two
areas, the left area presenting the
vertical information and the right
area presenting the horizontal in-
formation. The vertical information
is a line indicating present position
vertically at its left extremity and
future position along a horizontal
time axis with time increasing
toward the right. The horizontal
information indicates present posi-
tion horizontally across the bottom
and future position along a vertical

electronics
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FIG. 2—Simplified single dimension of predictor vehicle (A),
switch is a diode gate as shown in Fig.

cireuits (C), single dimension shown

time axis, with time increasing
toward the top.

Display 2 (Fig. 1C) presents the
same information in a combined
fashion with a different pictorial
scheme. Vertical and horizontal po-
sitions are indicated by distances
vertically and horizontally on the
cathode ray tube face. A spiral-
cone symbol indicates present posi-
tion at its large end and future
position along its length to the limit
of prediction at its pointed end. In
addition, a line is presented that
indicates the exact predicted course
extended along the locus of the cen-
ters of the circles generating the
cone shape. This line is accentuated
at its present-position end by a
bright dot.

Display 3 (Fig. 1D) is identical
to display 2 except for the omission
of the vertical axis of the super-
posed spiral. Thus, a flat road is
presented with present position at
its large end. Again, the exact pre-
dicted course is shown as a single
line extending along the center-line.
The road has the advantage of per-
mitting a third dimension, such as
roll, to be coded into the display.
Both the spiral and the road are
compatible with aircraft and sub-
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2C. Reset device (D)

marine contact - analog displays,
which show the operator a picture
of a simulated environment anal-
ogous to what he might see through
a port or a wind screen in contact
flight.

One of two dimensions of the
circuit employed to simulate the
vehicle and its fast-time model is
shown in Fig. 2A. Such things as
sign changers. damping and other
feedback terms. and the geometric
operators required to convert from
body axes to fixed coordinates are
omitted to illustrate the principle.
The real-time vehicle is a com-
bination of the usual integrator
simulator circuits with voltages
available to represent angular rate.
f,.. angle, f,., and present position.
Zr. The fast-time model is con-
structed analogously using faster
time constants. Time accelerations
of 100, 200, 400 and 800 are used
at various times.

The resistors and capacitor at the
input to the first fast-time ampli-
fier of Fig. 2A form the program-
mer for many predictor instrument
studies. The capacitor is charged
to equal the control voltage at the
start of each cycle, at which time
the reset switch closes momentarily.

in achich R.C. is nominally 200 times R.C.. The reset
for resetting fast-time tegrators; display switehing

This capacitor discharges exponen-
tially through the resistor during
the operating cycle. The program
thus generated assumes that the
operator’s control is returned to
zero through a lag determined by
the values of R and C chosen. In
some cases the circuit, including
the integrator it feeds into, is
omitted entirely, and the program
assumes zero control action or the
instantaneous return of the control
signal to zero. For many applica-
tions this provides a fully adequate
predictor signal.

For predictor purposes, the fast-
time model requires that the inte-
grators representing the various
angular and position parameters
shall start each prediction cycle at
the initial voltage representing the
real-time parameters. Since an ini-
tial voltage on an integrator is a
starting point for an integration
whose change of output would be
the same regardless of the initial
voltage. simplifications can be made.
If initial voltages are added to the
output of an integrator initially
reset to zero, the net output voltage
is the same as where the integrator
is started at the initial voltage.
This was done to allow integrators
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to be reset to zero.

An example of this is the fast-
time angle term, 4, illustrated in
Fig. 2A. Nominally, disregarding
sdign changes

! . A
Or = j:) (KN16g + K.0p)dl + 0p

where 6, would be the initial con-
dition of the #, integrator. This
sum would be presented as an input
to the next integration stage. The
same results are obtained eliminat-
ing the 4, initial condition and re-
setting the 64, integrator to zero
when the 6, term is an input to the
next integrator, as shown in Fig.
24,

Each integrator is started at an
initial zero voltage, and both the
integrator output and the real-time
initial voltage are inputs to the suc-
ceeding stage. At the start of each
cycle of the fast-time model, all
fast-time integrators are reset to
zero. Due to the'speed of this repe-
tition, no switching is needed on
the real-time inputs, since these are
effectively constants over the com-
puting period. (In Fig. 2A, the
three upper amplifiers are Phil-
brick type USA-3; the four lower
amplifiers are Philbrick type K2W.)

Fast-time integrators are reset
to zero using a reset device (Fig.
2B) composed of two triodes in par-
allel, with the plates tied to the
cathodes. One end of this combina-
tion is connected to the summing
junction, and the other end to the
output terminal of the amplifier.
Both grids are tied together and to
a control voltage. The control volt-
age is made negative during the
computing cyele (tubes cut off)
and positive during the reset cycle
(either tube conducting). A re-
sistor protects the grids from ex-
cessive grid current. Thus this
circuit acts as an electronic relay
presenting an open circuit during
the computing period and a low re-
sistance during the reset period.
One of the triodes will conduet dur-
ing reset, depending upon the polar-
ity of the output voltage. The plate
resistance of the triode is low
enough, compared to the input re-
sistors, to reduce the output voltage
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to essentially zero.

Displays 1, 2 and 3 (Fig. 1B tc
1D) consist of two symbols pre-
sented in rapid alteration. In dis-
play 1 the symbols are the vertical
and horizontal prediction lines. In
displays 2 and 3 the symbols are
the cone and the cone center-line.
Since one-gun cathode-ray tubes
are used, a time-sharing circuit is
necessary. The display is switched
by alternate acting gates, each com-
posed of six diodes (Fig. 2C).
These gates have a gain approach-
ing unity, and are satisfactory.

The control voltages for the time-
sharing gates and the fast-time ve-
hicle reset circuits are generated as
shown in Fig. 3A. A sinusoid of
frequency f (Fig. 3B) is input to
a saturating amplifier, yielding
square waves (Fig. 3C). These are
differentiated (Fig. 3D), and the
negative pulses (Fig. 3E) are ap-
plied as inputs to both stages of an
operational amplifier flip-flop, thus
producing voltage E, (Fig. 3F) at
frequency f/2.

These voltages are added with
d-c biases in saturating operational
amplifiers (Fig. 3G) to produce
control voltages that are positive
during a quarter of the whole cycle,
and which control the time-sharing
gates. Voltage E. resets the fast-
time integrators, and this occurs
twice each cycle for a quarter-
cycle each.

Figure 3H is a time chart for
display control, showing the result.
Note that two time periods are
available for displaying prediction
information, as well as two time
periods for present position infor-
mation. These latter display times
are used in displays 2 and 3 to en-
hance the present-position point,
the start of the prediction line.

Display 1 is generated by using
the vehicle (fast-time) output for
one dimension and a ramp voltage
(sweep) for the other dimension
(Fig. 4A). The vertical and hori-
zontal predictions are displayed at
alternating periods (D and B) by
switching in the proper vehicle di-
mension and alternating the sweep
input direction. Bias voltages are
added to these voltages to place the

displays at the proper position on
the screen. The display shown in
Fig. 1B resulted.

Display 2 is generated by multi-
plying a high-frequency sinusoid
by a ramp function which starts
large and decreases during each
cycle, thus modulating the ampli-
tude of the high frequency sinu-
soid into a decreasing triangular
shape. This is then phase-shifted
to yield two decreasing sinusoids
90 degrees out of phase, thus pro-
ducing a spiral when the voltages
are connected to the horizontal and
vertical deflection plates of a cath-
ode ray tube. These separate sinu-
soids are then added to the proper
outputs of the fast-time model of
the vehicle, and the resultants dis-
played, forming the curving conical
spiral shape (see Fig. 1C and 4B).
This is displayed during the D time
period.

The second portion of this dis-
play, the locus of the center of the
conical shape, is displayed during
time period B by using the pre-
dicted vehicle path without modu-
lation.

Time period C displays present
position, thus enhancing the initial
(present) position of the above line
by ereating a bright dot.

Time period A presents a dot
(not shown) at the center of the
display to indicate the true elec-
trical center of the system.

Display 3 (Fig. 4C) uses the
same inputs as display 2 with the
omission of the vertical conical
modulation. The result is a road
display (Fig. 1D).

These circuits yield a stable,
clear display. Negligible flicker re-
sulted with basic switching fre-
quencies of 60 to 120 cps, using a
17-inch ert with a P7 phosphor.

One final refinement consists of
brightness modulation by an input
to the cathode circuit of the crt.
Brightness modulation was em-
ployed for three purposes: blank-
ing the scope during unused por-
tions of the display cycle, and elim-
inating display clutter during
switching; reducing the bright-
ness of the prediction symbols in
proportion to future time; and con-
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trolling the length of the prediction
span of the display. The first of
these is accomplished using the con-
trol voltages of Fig. 3G during un-
used portions of a display cycle, as
when only two or three of four pos-
sible displays are shown. A 5-per-
cent blanking period during the
transition between displays is added
for displays 2 and 3 to eliminate
some visible switching noise or
clutter.

A sawtooth synchronized with
the predict cycles of Fig. 3G is
employed for brightness modulation
on the spiral and road displayvs
(Fig. 1C and 1D), reducing bright-
ness toward the small end of these
symbols. Unless this is done, the
symbols are brighter at their
smaller end, because the trace has
a lower velocity there, describing
shorter distances in equal times. By
adjusting the sawtooth modulation,
this effect is reversed. It is desir-
able that these symbols decrease in
brightness as they decrease in size,
because the smaller size represents
the part of the prediction more dis-
tant in time, and the decreasing
brightness combines with the de-
crease in size to provide an effec-
tive perspective coding to the sym-
bols.

The third brightness modulation,
that controlling the prediction span
displayved, is accomplished by the
same sawtooth that modulates
brightness. The length of the pre-
diction cycle times the time accel-
eration determines the maximum
length of prediction that could be
displayed, but the sawtooth bright-
ness modulation adjustment per-
mitted as much of the syvmbol as
desired to be erased from the scope.
Thus, any length prediction under
the maximum could be selected.

The development of the predictor
instrument, after its invention. has
been supported by the Engineering
Psychology Branch of the Oflice of
Naval Research under Contract
Nonr 2822(00).
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Lock-in Amplifiers for

Phase sensitive detector followed by low pass filter is heart of lock-in amplifier. Signals

40 db below the input noise level of a microwave receiver can be recovered with lock-in

technique; oscillators can be checked to high precision quickly

SIGNAL INTENSITY measurements
can be made where noise would
otherwise rule them out by using
a lock-in amplifier. Applications to
date include radio astronomy, nu-
clear magnetic resonance and solid
state investigations.

A lock-in amplifier is essentially
a narrow band detection system in
which a signal is beat with a refer-
ence signal of the same frequency,
giving a d-c output. The heart of
the lock-in amplifier is a phase sen-
sitive or synchronous detector. es-
sentially a balanced mixer. The

PHASE S
-24v Y
FREQUENCY
I5CPS
T0
ISKC

2.2

upper side band derived from the
mixer is of no interest and is
stopped by a low pass filter. The
lower side band (d-¢) is passed by
the low pass filter, the band width
of which determines the band width
of the amplifier. Sometimes the
lock-in amplifier is operated with
the reference frequency differing
from the signal frequency by as
little as 0.1 eps with difference fre-
quency output recorded directly on
a strip chart recorder.

While the detector elements that
function as the mixer in a syn-
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2N652A

. MIXER
«{PHASE SENSITIVE
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REFERENCE MODE SWITCH

REFERENCE

chronous detector are basically non-
linear, the mixer itself functions
as a linear device; for purposes of
transient response or noise rejec-
tion the narrow bandpass achieved
in the low-pass filter is completely
equivalent to a corresponding band-
width before mixing. Thus noise
rejection with this technique is ex-
cellent.

Assume a balanced mixer is fol-
lowed by a filter with a pass band
from 0 to 10 cps, and that the ref-
erence frequency is 1,000 cps. I
the signal frequency is between
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FIG. 1—Heart of lock-in amplifier is phase-sensitive detector or balanced mixer. The reference signal channel cax
accept an external reference or be used as a local oscillator to provide both reference and signal frequencies
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Signals Buried in Noise

By
ROBERT D. MOORE

Princeton Applied Research Corp.,
Princeton, N, J.

990 and 1010 cps, an output signal
is obtained; signals outside this
band are attenuated by the low
pass filter. Regardless of how the
center frequency is shifted (in this
example it is set at 1 Ke), the out-
put is always the narrow band of
frequencies passed by the low pass
filter.

The circuit has several advan-
tages over a conventional tuned
amplifier followed by a single

square law detector. First, it is
easily tunable since the reference
signal determines the center fre-
quency of the pass band. Second,
no matter how narrow the band-
width of the detection system,
the center of the pass band is
always locked to the signal fre-
quency if the signal is available
for use as the reference. It is this
characteristic that gives the lock-in
amplifier its name. Since the prob-
lem of recovering a signal from
noise is essentially the problem
of detecting the signal with a
narrow bandwidth device, the
narrow band lock-in amplifier is a
powerful and highly versatile tool
for this purpose.

Balanced mixers are essentially
nonlinear devices. Consequently,
even if the reference signal R(t)
is sinusoidal, the function R’(%)
(at the same frequency but differ-
ent phase) with which the signal
is multiplied by the mixer in gen-
eral will be nonsinusoidal. How-
ever, R’(t) can be written as a
Fourier series in harmonics of
R(t)

R (1) = Ay +°§: An cos nwt 4
©
2 B, sin nwt (1)
1
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Loclk-in amplifier is being used to check oscillator to high precision
in short mcasuring interval

where o« is the angular frequency
associated with R(¢). The phase of
the reference signal can be chosen
so that the coefficient of the coswt
term (A,) in the expansion is zero,
giving

R () = Ag + = A, cos not +
2

©
X B, sin nwt (2)
1

Assume the signal input is
S() = C=in (wf + 6) 3)
After passing through an idealized
low-pass filter with (sin f)/f fre-
quency response and a cut off fre-
quency much lower that w, the
output £, will be

T+7
Eo= %, / R'(u) sin (wu+38) du (4)

where T is the integrating time of

the filter. When intergrated
Eo = CA2, o8 & )

If & is 0 (the signal is in phase
with the reference) the output is
maximum and has positive polarity.
If phase angle § is 180 degrees, the
output is again a maximum but
of opposite polarity. If § is 90
degrees there is no d-c output. For
any phase angle the output is
a function of both the amplitude
and phase of the signal and the
amplitude of the fundamental com-
ponent of R’(t). Therefore the
circuit is often called a phase
sensitive detector.

A phase sensitive detector is
sensitive not only to a particular
frequency, but also to a particular
phase component of this frequency.

In lock-in amplifier applications
both or either property may be
exploited.

The general problem is to recover
a weak signal obscured by noise.
Noise arises from such statistical
fluctuation phenomena as Johnson

1



noise in resistors and shot noise
in vacuum tubes and semiconduc-
tors; these both produce a white
noise spectrum, in which the noise
power per unit bandwidth is the
same at all frequencies. Another
source is the so-called gain modula-
tion or flicker effect noise associ-
ated with both vacuum tube and
transistor amplifying circuits. This
noise frequency spectrum varies as
1/f; a large contribution to the
total noise occurs near d-c. Inter-
ference phenomena, which are not
really noise but produce the same
effect in obscuring the signal one
desires to detect, include power line
pick up and r-f interference.

With respect to white noise,
little can be gained by moving the
signal frequency to a different
value. However, the contribution of
the white noise to the output vol-
tage of the detection system is
inversely proportional to the square
root of the bandwidth, and can be
reduced to an arbitrary small
value by reducing bandwidth. For
1/f noise and interference, an
operating frequency different from
d-c and from interfering fre-
quencies can be selected.

Figure 1 shows a general pur-
pose lock-in amplifier with a tuning
range from 15 to 15,000 cps and
a variable bandwidth down to 0.12
cps. The front panel of the instru-
ment is shown in the photograph.
The input signal, including its
associated noise, is passed through
a narrow-band tuned amplifier;
this initial stage, though of rela-
tively wide bandwidth, reduces

noise signals that could overdrive
the phase-sensitive detector, thus
allowing a larger output before
non-linearity is encountered.

Furthermore, the waveform with
which the signal is mixed usually
contains harmonies of the refer-
ence frequency. The tuned amplifier
is useful in preventing these har-
monics from reaching the detector.

If the signal is only a small per-
cent of the input to the detector,
and if its peak value (signal plus
noise) is within the linear range
of the detector, detector output is
small but can be amplified; this is
accomplished by the d-c amplifier
shown in Fig. 1.

In the reference channel (also
Fig. 1) a variable phase shifter
controls the phase between refer-
ence and signal. The phase sensi-
tive detector used in Fig. 1 is essen-
tially a dpdt switch requiring a
square wave drive obtained by
applying the reference signal to a
Schmitt trigger. The waveform
applied to the input of the phase
shifter must be nearly sinusoidal
and thus a tuned amplifier is also
provided in the reference channel;
The tuned amplifier can be switched
out of the reference channel when a
nearly sinusoidal reference signal
is available. Also, the reference
channel tuned amplifier can be used
with a positive feedback loop as
an oscillator, simultaneously driv-
ing the phase detector and provid-
ing a sinusoidal output. Thus, the
phase detector can be synchronized
to an external frequency or the
reference frequency can be gener-

ated internally. The amplifiers are
gang-tuned over the full operating
range, which is 15 eps to 15 Kec in
three ranges.

The lock-in amplifier has many
uses. In radio astronomy it enables
stellar noise signals as much as
40 db below the input noise level
of the receiver to be detected and
measured. It has been used to com-
pare the frequencies of oscillators
within one part in 10" in only a
few minutes measuring time. It is
able to detect the small change in
the absorbed losses of an r-f coil
used in nuclear magnetic resonance
experiments. It can be used as a
narrow-band spectrum analyzer to
detect and measure a particular
Fourier component in a signal
spectrum.

The weak noise signal picked up
by the antenna of a radio telescope
is similar to the noise generated
in the radio receiver and is indis-
tinguishable from it. Moreover, the
level of the stellar noise is much
lower than the effective input noise
of a typical microwave receiver.
A microwave radiometer, shown in
Fig. 2A, designed to apply the
lock-in amplifier technique to this
problem was described by R. H.
Dicke in 1947'.

The input of the veceiver is
alternately switched between the
signal from the antenna and a
laboratory noise source (a warm
resistor generating thermal noise).
The microwave switching device
is driven by a small synchronous
motor and the driving frequency
applied to the synchronous motor

MICROWAVE NOISE
FROM COSMIC SOURCE
ANTENNA DUEHRE DL . NOISE SPECTRUM
-
MOTOR DRIVE
/ 8 LOCK- IN REFERENCE o glpGN@'ﬁ
FREQUENCY 3 ECTRUM
s WITHOUT
LOCK = IN
_ AMPLIFIER
WIDE- BAND TECHNIQUE
0 MICROWAVE A
THERMAL. AMPL N H SIGNAL SPECTRUM FE
NOISE ' v WITH LOCK-IN \
SOURCE / \ AMPLIFIER TECHNIQUE —% \
=L MICROWAVE SWITCH A N ) L
0 10 20 30

(A)

(B)

FREQUENCY, CPS

FIG. 2—Lock-in amplifier is used in radio telescope (A) to detect cosmic noise signals 40 db below the level of the
wideband microwave receiver used to amplify the signals. Effect of the lock-in techmnique (B) is to shift the signals
of interest to a less noisy part of the spectrum
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is also applied to the lock-in ampli-
fier as reference. If the level! of
noise from the antenna is different
from the laboratory noise source,
the switching produces a noise
signal whose amplitude varies at
the frequency used to drive the
synchronous motor. This modulated
noise signal is then applied to the
input of the microwave receiver,
which consists of a wideband ampli-
fier followed by a detector. The
output of this amplifier consists of
two components: one is the modu-
lated noise signal produced by the
switch; the other, usually much
larger, is the noise generated at the
input of the microwave amplifier
itself. This combination is applied
to the detector.

Consider the output of the detec-
tor in a small interval about the
frequency at which the microwave
switch is driven. All the frequency
components of the modulated noise
signal carry sidebands correspond-
ing to the frequency at which the
switch is drivens thus all these
frequency components contribute to
the output of the detector. The con-
tribution of the noise produced at
the amplifier input to the output of
the detector at this frequency is
almost entirely due to intermodula-
tion between the various frequency
components of this noise signal.
The result is, while essentially all
the modulated noise signal contrib-
utes to the detector output in this
frequency interval, only a small
fraction of the internally generated
receiver noise contributes to it.
The output of the detector is then
fed into the input of the lock-in
amplifier,

The lock-in amplifier selects that
part of the detector output lying
in the frequency interval provided
by the synchronous motor-driven
microwave switch and converts it
to an equivalent bandwidth at d-c
As has been shown, the bandwidth
is determined by the low-pass filter
at its output. The output of the
lock-in amplifier consists of the
d-c voltage due to the modulated
cosmic noise signal plus fluctua-
tions due to receiver noise. The d-c
level is entirely due to, and gives
a measure of, the strength of the
cosmic noise source. The param-
eters of the system are such that

June 8, 1962
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/
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FIG. 3—Oscillators can be checked
to one part in 10" in five minutes
using lock-in technique

cosmic noise sources that produce
a level 40 db below the effective
input noise level of the microwave
receiver may be detected.

Another application is in the
study of a particular phase com-
ponent of a signal in the presence
of a quadrature component. This
situation occurs in making a meas-
urement that depends on the balance
of an a-c bridge. By setting the
phase of the reference signal equal
to the phase component of interest,
the instrument will reject the
quadrature component completely.
In the case of balancing an a-c
bridge, if one desires to deal with
both the in-phase and the quadra-
ture component, the lock-in ampli-
fier can be used to pick up the
in-phase and the quadrature com-
ponents separately and allows each
to be balanced separately. This
usually allows the bridge to be
balanced systematically and avoids
the typical successive approxima-
tions approach.

An example of an application
where the reference frequency is
different from the signal frequency
is the WWYV comparison system
shown in Fig. 3. The frequency of
the precision crystal oscillator is
offset 100 cps from WWV, to
4,999,900.0 cps if the 5-Mc carrier
is used.

A small amount of the oscillator
output is applied to the antenna
terminals of the receiver, which is
tuned to the 5-Mc signal from
WWV. The result is that the 100-
cps beat frequency between the os-
cillator and WWYV appears at the
audio output terminals of the

receiver; this signal is applied to
the input of the lock-in amplifier.
The reference frequency for the
lock-in amplifier is set to 100.1 cps
and the output is thus 0.1 cps,
which may be recorded.

In this example the frequency of
the oscillator is given by the stand-
ard WWYV frequency minus the au-
dio frequency, plus the frequency
exhibited on the recorder. If a
comparison is desired to one part
in 10" (to 0.5 cps), the audio fre-
quency need only be known to 0.5
percent and the 0.1 cps being
recorded may be completely neg-
lected provided it stays reasonably
close to this value throughout the
entire time of the measurement
interval.

Since this technique involves
measurement intervals of about
twenty minutes, even inexpensive
commercial audio oscillators are
adequate for the check. For a high
precision measurement, such as a
local comparison between two stable
crystal oscillators, or between a
crystal oscillator and an atomic
clock with an accuracy of better
than one part in 10, the beat fre-
quency should be recorded for about
twenty minutes and a cycle counter
and interval timer should be used
to measure the time interval for
about 10° audio frequency oscilla-
tions.

Standard commercial interval
timers have a precision adequate
for this application. Since the
recorder allows a phase measure-
ment at the beginning and end of
the measurement interval, the
accuracy of the measurement can
be substantially greater than the
total number of cycles in the meas-
urement interval. If, the recorded
output phase can be read to better
than 0.1 radian, a comparison
accurate to one part in 10" can
be made in an interval containing
3 X 10" cycles of crystal frequency.
At one megacycle this is 300 seconds
or five minutes, a short time for
a measurement of such high
precision,

REFERENCE

(1) R. H. Dicke, Review of Scientific In-
struments, 17, p 268, 1947,
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GLASS DISK GENERATES ANY

FIG. 1—Function generator disk can be rotated in both directions, as
indicated by the cps scale

By A. H. APPLEYARD

Advance Components Ltd.,
Hainault, Essex, England

MANY control functions can be re-
duced to electrical waveforms, but
often the complexity of those wave-
forms make them both diflicult and
costly to generate. In designing a
low frequency function generator
(Fig. 1), the generation of unusual
waveforms was much in mind.
While the generator will produce
the waveforms such as sawtooth,
square, sine and so on, it can pro-
duce many other wave patterns. The
only limiting factor is that the wave
shape to be generated must be
single-valued and repetitive.

Several systems for the genera-
tion of complex functions were con-
sidered. Multiphase oscilliators were
suitable for only sinusoidal genera-
tion, and diode-shaping devices had
limitations in discrimination, as
well as being elaborate and costly.
The answer appeared to be in a me-
chanical optical system that would
allow for rapid changes of function
for a small capital outlay.

The conventional oscillator cir-
cuit is replaced by a rotating trans-
parent disk scanned by a narrow
light beam. The waveform or func-
tion to be generated is printed on
the disk by silk screen or similar
process, the area confined by the
periphery of the waveform being
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opaque. The light beam is concen-
trated on the disk providing a
radial sweep as the disk rotates
(Fig. 2). The light source is a bulb
fed from a stabilized d-c supply
(which also supplied the heaters of
the d-c amplifier), thus insuring
constant light intensity free from
ripple. This light source is con-
densed into a collimated beam and
focused onto the function disk as a
narrow slit. Light passing through
the transparent areas of the disk is
reflected by a concave mirror on a
phototransistor. As the disk ro-
tates, the amount of light falling
on the phototransistor will vary di-
rectly in accordance with the

TRANSPARENT
ROTATING DiSC

SPHERICAL
MIRROR WHEN
COVER IS CLOSEO

FRONT COVER 7%
INOPEN " 3
POSITION —

Waveform printed on
rotating disk is scanned
by light beam and
reflected onto

a phototransistor.

The frequency is
continuously

variable from

0.005 cps to 50 cps

opaque area of the waveform on the
dise. The phototransistor converts
the light into an electric signal
whose amplitude is about one volt
peak to peak. As the instrument op-
erates down to virtual d-c, the fol-
lowing amplifier is d-c¢ coupled
throughout. The linearity of the
system is such that with a sinewave
output the total harmonic content
is typically one percent.

Changes in output signal caused
by fluctuations in the transistor col-
lector current due to temperature
variations are minimized by a com-
pensating thermistor in the base
circuits. The amplified voltage of
the phototransistor is fed to the out-

/CONDE!.’SING

SEMI-
CYLINDRICAL
LIGHT  LENS

BEAM
PHOTOTRANSISTOR

& “SPHERICAL MIRROR
WHEN COVER IS OPEN

FIG. 2—Mechanical-optical scanning system of the generator
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LOW-FREQUENCY WAVEFORM

put terminals through a decade at-
tenuator.

It is essential that the motive
power for the disk be accurately
controlled to achieve a stable output
frequency. This has been achieved
by driving the disk through a four-
speed gear box coupled to a servo-
controlled split-field motor (Fig. 3).
Both the motor and the associated
tachogenerator are controlled by a
velocity feedback system. The rpm.,
which is in fact the output fre-
quency, is set by a precision poten-
tiometer fed from a stabilized volt-
age supply, and the direction of disk
rotation can be changed to reverse
the time sequence of the output
waveform, thus altering the sign
of the differential coefficient. The
disc acceleration on the two lower
frequency ranges is sufficient to per-
mit an almost instantaneous start
from any predetermined point of
the waveform, thus allowing effec-
tive single-stroke operation. To
help in this operation, the periphery
of the disk is calibrated in degrees.
The frequency is continuously vari-
able from 0.005 cps up to a maxi-
mum of 50 cps but by increasing
the number of complete patterns on
a disk, the upper frequency limit
can be raised to several times its
nominal value. The two highest
ranges, 0.5 cps to 50 cps, may be
swept automatically from the low-
est to the highest frequency by
driving the frequency control from
the gearbox, permitting rapid as-
sessment of the response of any

WAVEFORM
DISC

PHOTO-
TRANSISTOR

MONITOR
CRT

equipment under test. This is par-
ticularly useful in the study of the
causes and effects of vibration in
machinery. The sweep time for a
10:1 range of frequency is approxi-
mately two minutes, but as the gear
box drives the frequency control
that governs the rpm, the sweep
rate is logarithmic accelerating at
the high-frequency end of the scale.
At the end of the sweep an auto-
matic switch-off cuts out the motor.

Although the nominal frequency
range is 0.005 to 50 cps, both lower
and higher frequencies can be ob-
tained but with decreased accu-
racies. The frequency dial is cali-
brated linearly 0 to 5 and 0 to 10
with a four-position decade multi-
plier x10, x1, x0.1 and x0.01.
The frequency calibration accuracy
is =1 percent of full scale. Output
voltage is 200 microvolts to 20 volts
peak-to-peak with an output im-
pedance of 3,000 ohms at maximum
output, selected by a five-position
decade multiplier and a continu-
ously variable attenuator. The out-
put amplitude variation is within
one db over the entire frequency
range.

Of the five waveform disks, three
are standard sine, square and saw-
tooth waveforms (Fig. 4). The
fourth disc generates noise with a
bandwidth ratio of about 250:1, ac-
commodated anywhere in the fre-
quency range 0.005 cps to 3 Ke. The
fifth disk is blank, for plotting any
waveform that may be required.

The function is reproduced as a

STABILIZED
VOLTAGE

DIFFER-
'ENTIAL
L GMBL,

TIME BASE
GEN

FIG. 3—Block diagram of function generator
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g

FIG. j — Examples of disks and
waveforms: noise, sawtooth, heart
beat

waveform on the disk by polar co-
ordinates. The output waveform is
plotted on a linear scale to derive
the true values of the Y coordinates
for each cardinal angular position
on the polar function pattern. This
applies particularly to the wave-
forms that do not conform to a
known mathematical equation. The
polar function pattern is then
plotted on a polar chart. The polar
graph is subdivided into a positive
and negative decade to enable a
polar function pattern to be plotted
direct from an equation. This elimi-
nates the need to draw the output
waveform diagram. When a square
or rectangular waveform disk is
used, the instrument is designed to
provide a rise time of less than 5
microseconds. There is also a built-
in one-inch monitor tube for check-
ing the waveform and the output
voltage level at 40 cps.

The multiplication of the basic
frequency can be achieved by in-
creasing the number of waveform
cycles on the disk and is limited
only by the amount of distortion
acceptable by the operator. Using
the sine disk with the frequency
sweep enables resonance points to
be noted when checking vibration
in machinery, the frequency at any
instant being shown visually on the
frequency dial.
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Transient Generator Checks Missile

Transients are simulated and injected into missile system wiring to determine its

By R. C. Dyer

The Boeing Company,
Seattle. Washington

INTERFERENCE TESTS on missile sys-
tems require a generator to simu-
late interference external to the
missile and insert this simulated
interference back into the missile
wiring. Military specification MIL-
1-006051B requires that the inter-
ference present in the system be
no greater than half the amplitude
required to cause a malfunction.
This audio frequency generator
produces interference at twice the
measured amplitude and injects it
back into the weapons system. It
also functions as the operating
power source for the system.

All areas of the system under
test are completely infiltrated by
the test transient, eliminating the
necessity for analyzing the system
for the most susceptible points and
monitoring only these. The possi-
bility of overlooking some critical
point is eliminated and internal
modification of the equipment un-
der test is not necessary. Assembly

VAN

(A)

- MODULATING ENVELOPE

(B)

of special monitoring equipment is
obviated as normal operation is the
only quality monitored.

The transient shape of the gen-
erator output is adjustable over a
wide range and a transient power
output of 400 watts is available.
Assembling general-purpose test
equipment to do this job would be
difficult and time consuming.

Shapes of the required a-c and
d-¢ transients have been deter-
mined by observation of the tran-
sients existing in various systems.
All d-¢ transients observed were of
one basic shape (Fig. 1A) or vari-
ations thereof. The most common
deviation was a carrier, amplitude-
modulated by the pulse of Fig. 1A
as shown in Fig. 1B.

All the a-c transients were basi-
cally the quiescent a-c line voltage
amplitude modulated by the tran-
sients of Fig. 1B (Fig. 10).
(Fig. 3).

All transients, first observed in
experimentation and later in actual
missile testing, were variations of
the above three patterns. They
varied in time duration but the
shape was consistently proportional.

VERTICAL 20V/CM
HORIZONTAL 1OMS/CM

(C)

VERTICAL 20V/CM
HORIZONYAL 20MS/CM

(D)

FIG. 1—Typical transient (A) and its modulating envelope (B). Gen-
erated a-c transients produced by modulahny the a-¢ voltage with pulses
(A) and (B) result in waveforms shown in (C) and (D)
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These shapes are to be expected
when consideration is given to mis-
sile circuitry. The pulse of Fig. 1A
is comparable to the output of a
low-pass circuit with a square-wave
input. Missile wiring offers high-
capacitance paths to ground for
any high-frequency transient com-
ponents; that is, it acts as a natu-
ral low-pass filter.

The pulse of Fig. 1B is essenti-
ally a ringing pulse caused by ex-
citing an inductance-capacitance
circuit with a step function. Both
the inductance and capacitance are
easily provided by the missile wir-
ing and circuitry.

Since the basic transient shapes
were consistent, the problem is to
generate these families of shapes
over an adjustable range of pulse
length. The shaping process is
started with the pulse of Fig. 1A
and accomplished by integrating,
clipping. and differentiating a rec-
tangular wave. The rectangular
wave is integrated (Fig. 2A). The
pulse of Fig. 2A is then differenti-
ated and the trailing edge clipped
(Fig. 2B). The resultant pulse is
the desired shape. The duration and

] |
\RE OVED BY DIODE

S

(A)

-
| »~ REMOVED BY

{B) y_ DIODE

/ \ ,
\ /

FIG. 2—Integrated square wave
with trailing edge clipped (A),

pulse of Fig. 2 diffcrentiated and
trailing edge clipped (B), and out-
put of synthesizers showing con-
vergion of triangular wave to ap-
proximate sine wave (C)
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Systems

susceptibility to interference

proportion of this pulse are varied
by changing the initial rectangular
pulse length and by changing the
time constants of the integrating
and the differentiating circuits.

The shape of Fig. 1B can be ob-
tained by amplitude-modulating a
carrier with the pulse of Fig. 2D.
The carrier is obtained from a
gated, free-running multivibrator.
Three carrier shapes are available;
rectangular, triangular, and sinu-
soidal. The rectangular wave is the
multivibrator output, and the tri-
angular wave is obtained by inte-
grating the multivibrator output.
and the sine wave is approximated
by putting the triangular wave
through a sinewave synthesizer.
The synthesizer is a resistor-diode
network that converts the triangu-
lar wave to an approximate sine
wave by changing the slope of vari-
ous sections of the triangular wave.
The synthesizer output is shown ir
Fig. 2C.

The final. desired transient shape
is obtained by amplitude modulat-
ing the carrier with the pulse. The
amplitude modulation is  accom-
plished by phase splitting the car-
rier, modulating. and subtracting
the undesired frequency compo-
nents. Fig. 1B is a typical transi-
ent. If desired, the pulse alone may
be used as the transient shape with-
out any modulation, giving an out-
put similar to Fig. 1A. Tvpical d-¢
transients are shown in Fig. 3.

Transients on a-c voltages (Fig.
1C and 1D)Y are produced by am-
plitude modulation of the a-¢ volt-
age with the pulses of Fig. 1A and
1B.

Another major problem in build-
ing the transient generator was
putting large transients on missile
a-¢ and d-c power lines without
lowering normal operating voltages
and without damaging the transient
or missile power sources.

If the transient supply is simply
connected across a missile power
line (Fig. 4A) the transient supply
is operating into the parallel com-
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Laboratory model of the transient generator unit

(A) VERTICAL: 2V/CM -(C)
HORIZONTAL: 50 MS/CM

AANW

MJ
-

! B S | | 1 { I | ! | 1
(B) F(D)
{ i | { I | -

FIG. 3—Four typical generated

1

| | 1 | | | I |

d-c transicnts produced by the generator

% MISSILE LOAD

% MISSILE LOAD

% MISSILE LOAD

TRANSIENT
GENERATOR
~O—AA—
MISSILE
POWER
SUPPLY
TRANSIENT
GENERATOR
Ve 4 4 g S
MISSILE
POWER
SUPPLY
TRANSIENT
GENERATOR
EXTERNAL )Aﬁg
POWER
SUPPLY

FIG. }—Methods of putting the transients into the system showing par-
allel connection (A), in series with missile power supply (B) and with
transient generator as pussice device in scries awith missile load (C)
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FIG. 5—A-c transient shown is generated by the circuit, left

bination of the missile load and the
output impedance of the missile
power supply. The low output im-
pedance of the missile power supply
makes it difficult to vary the missile
line voltage without causing large
currents in the missile supply, with
the attendant danger of burning
out the missile supply.

If the transient source is placed
in series with the missile supply
(Fig. 4B), the output impedance of
the transient source must be kept
low to maintain normal operating
voltage on the missile load and to
prevent the transient source from
absorbing power from the missile
supply.

If the turns ratio of the coupling
transformer is such as to keep the
output impedance low, the transi-
ent output voltage will also be low,
and the magnitude of the transient
that can be applied will be limited
accordingly.

The system of transient applica-
tion used on d-c power lines (Fig.
4C), is in essence one of supplying
power to the missile loads from an

external power source through a
controlled series resistance. Vary-
ing the series resistor according to
the transient shape causes the volt-
age across the missile load to vary
inversely. In terms of hardware,
the series resistor is a series volt-
age regulator. The regulator sup-
plies both normal operating volt-
age and transient voltages to the
missile. In the quiescent state, the
regulator supplies a constant regu-
lated voltage. When a transient is
desired, the transient shape is used
to modulate the regulator reference
voltage and the regulator output
follows accordingly, apply the tran-
sient to the missile power line.
The series regulators are conven-
tional circuits employing differen-
tial amplifiers operating over a
wide dynamic range, allowing the
regulator output voltage to follow
changes in the reference voltage.
Output impedance of the regu-
lators is less than 1 ohm. The d-c
power to both regulators and their
missile loads is furnished by con-
ventional d-c power supplies.

The method for applying tran-
sients to a-c power lines differs
from that used on d-c lines. In the
a-c case, an a-c amplifier is used to
operate the equipment under test,
with an a-¢c modulator supplying
the low-level a-c¢ input to the am-
plifier. When transient shapes are
put into the a-c modulator, transi-
ent modulation of the low-level a-c
signal occurs. The transient-modu-
lated signal then goes to the a-c
amplifier where it is amplified and
applied as primary a-c power to the
item being tested.

Some loads draw more a-c power
than can be supplied by readily
available a-c amplifiers. A different
method of generating a-c transients
is used in these cases.

This method consists of operat-
ing the missile a-c load from two
transformer secondaries connected
in series. When a transient is de-
sired, one of the secondaries is
shorted, giving an instantaneous
reduction in missile a-c voltage.
The second transformer, actually a
variable-power  transformer, s
then mechanically activated to re-
turn the missile voltage to the nor-
mal operating value. A fuse must
be replaced and the device set
through a reset cycle each time a
transient is thus generated. The
type of transient generated is
shown in Fig. 5A. Figure 5B is a
schematic of the system.

Figure 6 is a block diagram of
the complete transient generator.

TRIGGER IN
A
recanouLar| L | CONpNT
LLLIS S"\IIASPE
GEN NETWORK
MODULATING
PULSE
D-C
- REG
- MOD - J\/\/vvw.
Ay 17 MISSILE iour —
A Loap .
MODULATOR F—— AMPLITUDE| 7 [ = 0-C TRANSIENT
CONTROL [ QUIELY
Tottm
iy aVAWY] 388 A-C
ASE TRIANGULAR SINE
SYNC WAVE b— WAVE (—————o & 0sC AMPL
CIRCUIT GEN SYNTHESIZER WSSILES ¢
ouT
LOAD
CARRIER =
RECT- Juu SHAPE A -C TRANSIENT OUTPUT
ANGULAR _—o  SELECT
GEN

FIG. 6—Block diagram of complete audio transient generator
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HERE'S ECONOMICAL, SIMPLE ANALOG/DIGITAL

CONVERSION ror accurate systems measurements

DYMEC
VOLTAGE -

TO-FREQUENCY

CONVERTERS—

building-block instruments for
high-accuracy voltage measurement,
independent of noise or hum

i . )
o e e
N, ‘ el R ‘

4 ) o o .“

advantageous in systems applications. You get higher useful measurement

accuracies than with other conversion techniques.

Models 2210 and 2211A/B convert an input dc voltage to a proportional frequency
of constant amplitude which is applied to a gated electronic counter to produce

a direct digital reading of the input analog voltage. With a longer counter gate
time you also can obtain the integral of the input voltage. The DY 5207-1 Converter

permits similar measurement of ac input voltages and is programmable

for both dc and ac voltage measurements.

In addition to flexible systems use, especially effective in the presence of
ac input interference, the Dymec Converter/Counter combination provides

an inexpensive digital voltmeter for tab or factory.

Models 2210 and 2211A provide four-digit resolution when used with a 1 second

counter gate or three-digit resolution with a 0.1 second gate. Model 2211B

provides up to 5 digits of resolution.

. YeLiakr nangE
L ]

' 6 N R
<y * (w & e _oé

Dymec Models 2210 and 2211A/B Voltage-to-Frequency Converters average out
noise and hum to obtain high-accuracy voltage measurement. This is especially

G » 0 O 0 o o

Here are brief specifications of Dymec Voltage/Frequency Converters. Call your Dymec/Hewlett-Packard
representative or contact Dymec direct for detailed data sheet and application information.

DY 2210R, $650.00 (rack)
M6, add $100.00

DY 2210/2210R DY 2211A/B DY 52071
Ranges: +1 +.1 e | +.1 +.1 1
(vDC, =, full scale) +10 +1 M6 +10 +1 M10 +1 10 AC volts
+100 +10 M6 { =100 +10 DC { =+10 100 ( 'mMs.20to
+1000  +100 +1000  =+100 +100 750 ) 100,000 cps
+1000
Output Frequency: 0-10 KC 2211A, 0-10 KC 0-10 KC
22118, 0-100 KC
Accuracy:* =+0.06% 2211A, +0.02% +0.06% dc
22118, +0.03% +0.5%, 50-10,000 cps
+0.75%, 20-100,000 cps
Stability:** +0.03% +0.02% +0.03% dc
Price: DY 2210, $660.00 (cabinet) $1,250.00 (rack) $1,850.00 (rack)

M6, add $150.00;
M10 add $350.00

*Accuracy includes stability, is given in per cent of full scale and is affected by frequency and accuracy of calibration, line voltage varia-
tions, temperature changes and accuracy of multi-range input attenuators. Figures given are those attained under normal operating con-

ditions. ** Given as per cent of full scale per 24-hour day.

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

D Y M E C [

A Division of Hewlett-Packard Company

Dept. E-68, 395 Page Mill Road, Palo Alto, California « DAvenport 6-1755 (Area Code 415) TWX-117-U
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Plate Dissipation Nomograph
For Damper Diodes

Two nomographs give average plate current and average plate

dissipation in terms of tube parameters and diode-current waveshape

By H. A. WHITTLINGER,

RCA Astro-Electronic Products
Division, Princeton, N, J.

M. E. FOSS,
RCA Electron Tube Division
Harrison, N. J.

DISSIPATION in television hori-
zontal-deflection damper diodes
may be determined by a method
that also lends itself to other
diode circuits having similarly
shaped pulses. The simplicity,
speed and accuracy of this
method ensure a considerable
saving in engineering time.

Because an idealized damper
current waveform is triangular,
integration-by-parts is used to
determine dissipation and aver-
age diode current.

The equation for diode cur-
rent is

i = ke? (1)

where 7 is the diode current, & is
a constant for the diode, and e
is the voltage across the diode
for any value of 4.

This equation may be rewrit-
ten to define a new diode constant
K.

e = Ki?'3 (2)
The instantaneous power p is
then given by

p =1de = i(Ki?3) = K53 (3)

Average power P,. may then
be expressed by

1 T
T Ki*13 dt 4)
0

where T is one complete cycle
and 7 is the conduction time of
the pulse.

At any time t for the triangu-
lar cathode-current pulse, inset
in Fig. 1, diode current ¢ may be

Py =

19

9 —

8= GRAPH OF Py, = 3/8K v/T1,5/3

gl ORAWN FOR K = 51

sl 1

a- R AN
o
c 3 /
< T
| T
N TUBE | K VALUE ¥
o
= W4 52.9
2 || |saudcra| s0.3
£Q3[ |6axdcrs| 80.6
ﬁolg - | soes 68.5
306/ |6wacr 52.4
wo.5H
204
S
< 0.3

0.2~ /
oLl 1 /)
0.01 0.05 0.1

PEAK CURRENT iy IN AMPS

FIG. 1—Plate dissipation P.. is a linear function of the conduction
ratio /T, but changes rapidly with variations in peak current i,

defined in terms of peak current
i, by

i=1',[l— :] for 0<t<r (5)

When Eq. 5 is substituted in
Eq. 4, the average power is given
by

1 r ¢ Hi3
P == [ K(w® 3[1— Yl oae
0
- 8/3 T
= 3 e 3[(! . '> ] @

2 =g K o i ®)
where the 7/T is the ratio of con-
duction period 7 to the total time
of one cycle T.

The table in Fig. 1 lists values
of K derived with Eq. 2 from
registered tube-drop informa-
tion for some of the more widely

used damper diodes. Figure 1
shows Eq. 8 plotted for K of 51.
which is between the values
listed for the 6AU4-GTA and the
6W4-GT. The dashed line in Fig.
1 represents the bias current for
the tube conducting continu-
ously. Equation 3 determines
this condition.

The graphs of Fig. 1 indicate
that peak currents of less than
40 milliamperes may be neg-
lected because dissipation is less
than 0.1 watt. Similarly, peak
currents of up to 700 milliam-
peres may be neglected when
7/T is less than 0.01.

In Fig. 2, Eq. 8 is presented
as a nomograph for other values
of K. Average power values are
obtained from the nomograph by
constructing a line from the con-
duction ratio on the /T scale,
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From sea to stars—the range of LOCKHEED ADVANCED DEVELOPMENT

Air. Space. Sea. Vast frontiers that challenge Lockheed's
scientific creativity, engineering knowledge, manufacturing
skills! None offers greater scope than Advanced Aircraft.

The Hypersonic Fighter pictured above is only one example

of many advanced concepts. Others—illustrated below —are:

1) The Supersonic Transport design concept typifies the
Company's creative thinking and planning.

2) So does the Rigid Rotor Helicopter. Lockheed's heli-
copter test bed, flying for several years, already has
demonstrated outstanding stability and maneuverability.

3) Hydrofoil: its stability, control and noise, now are under
intensive study.

Other major projects—in Spacecraft and ASW Systems—

engross the attention of Lockheed Scientists and Engineers.

Result: Genuine opportunities for genuine career-progress
—in an environment in which inventive minds flourish.

Scientists and Engineers of top-level talent and training
are invited to explore these immediate openings: Human
Factors; Design Engineering (aircraft and non-aircraft) struc-
tures, electronics, mechanical; Thermodynamics; Servosys-
tems; Reliabil ty; Guicance and Control; Dynamics; Electronic
Systems; Aerospace Ground Equipment; Bioastronautics;
Systems Integration and Trade-off; Space Mechanics; Sub-
Systems Synthesis and Analysis; Nuclear, Electric and Liquid
Rocket Propulsion; Electronics Research; Hydrodynamics.
Send résumé to: Mr. E. W. Des Lauriers, Manager Profes-
sional Placement Staff, Dept. 1506, 2408 N. Hollywood Way,
Burbank, California. An equal opportunity employer.

Lo c K H E E D CALIFORNIA COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
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RELATIVE TIME t ——

TOTAL PLATE DISSIPATION = 2.71 WATTS

AVERAGE
CONDUCTION COEFFICIENT DISSIPATION
RATIO REFERENCE K Py IN WATTS
T
D¢
8ias PEAK CURRENT
Lp IN AMPS NOMOGRAPH PRESENTS THE _
3 K .
EQUATION Py, = g x T X iy
FOR VALUES OF K FROM 10- 100
] + 10
41 . <+ 9
F-09 5 18
1+ 0.8 T7
To.7 4
Tog WiERAL A (G 6
I°® ut:0.44 00 159
405 1a
-3.75
-3
-2
L 1.5
] INTERVAL 8 )
wT:024 097 |
: J - 0.9
E 1 0.8
+ T 0.7
5: 0.07 -0.6
1-0.06  INTERVAL C -0.5
Loos  T/T:0M 04
Toos 500 -0.375
4-0.035 0.3
+0.03 &£ 400
=
40025 =
= 0.2
10.02 o 300
2 -0.15
1-0.015 & CONDUCTION |-,  PEAK Pay (FROM
g 200 INTERVAL | “paTi0 «/T | GURRENT Lp | NOMOGRAPH)
3 -0.10
-+ 0.010 < 100 A 0.44 475 mA 2.5 WATTS
w 8 0.24 100 mA 0:1 WATTS
25 : C 0.1 100 mA 0.1 WATTS
0 | ! ! 1 1 BIAS
01 2 34567 8 910 STANDING
l— one peRIOD T—— CURRENT 1.0 25 mA 0.1 WATTS

FIG. 2—Nomograph relates average dissipation Pa.. to peak current i, permits dissipation to be found when K
is available from tube tables and v/T from the actral circuit. Graph, inset, and its accompanying table show how

the nomograph is used

through the peak current value
on the i, scale, and extending to
the reference point. From the
reference point, the line is drawn
through the listed K value for
the diode and extended until it
intersects the P,, scale at a point

that indicates average power
dissipation.
The graph inset in nomo-

graph, Fig. 2, shows the complex
damper-current waveform of a
1-ohm sampling resistor in series
with a 6AU4-GTA damper diode.

Part A of the waveform is typi-
cal of televisibn applications;
parts B and C result from a par-
ticular setting of the drive con-
trol. In this inset graph, the or-
dinate of the waveform is peak
current 14,; the abscissa is in
terms of relative time: that is,
one complete cycle T is divided
into ten arbitrary units. The con-
duction period r of part A is 0.44
units long; parts B and C have
conduction periods of 0.24 units
and 0.1 units respectively. The

table in Fig. 1 lists a K-value of
50.3 for the 6AU4-GTA. A d-c
bias line is shown on the /T
scale of the nomogram.

Average power dissipation P,,
is then obtained from the table
inset in Fig. 2 nomograph. Add-
ing the four components of total
dissipation: 2.5, 0.1, 0.1 and 0.11
watt, respectively, gives the tube
dissipation as 2.71 watts total.
Average values of plate current
for sections A, B and C are
derived from the three ordinate
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nomograph of Fig. 3. From Fig.
3 the bias current plus the three
additional current components
bring the total average current
I,.. to 146 milliamp.

This value can then be com-
pared with the measured aver-
age plate current to provide a
good evaluation of the measure-
ment and construction tech-
niques.

The plate current for a 6DE4
damper diode is shown in Fig. 4;
one complete cycle T occupies 10
centimeters on the oscilloscope
screen. The solution of the prob-
lem is simplified when the cur-
rent is divided into two triangu-
lar parts A and B to smooth out
the irregularly shaped pulses.
Figure 4 shows the first line
drawn from t = 0 and 7, = 400
ma to ¢t = 3.7 and i, = 0 ma.
Another line then carries the
waveform on to the point ¢ =
8.3 and i, = 100 ma. There is
no bias current in this cireuit
s0 the waveform returns to zero
at both t= 3.7 and t = 8.3.

Using the nomograph Fig. 3
to relate peak-to-average current
in terms of the conduction ratio
7/T, the two components of aver-
age current are derived as 74 ma
and 23 ma, respectively, giving
a total average plate current,
I... = 97 ma.

The actual damper current
measured 100 milliamp, showing
the close correlation between
measured and calculated values
of current.

The plate dissipation is next
calculated by using the dissipa-
tion nomograph, Fig. 2. The two
components of average power
are 2.06 and 0.25 watt respec-
tively, giving a total dissipation
P, of 231 watts. This figure
agrees reasonably closely with
the value of 2.4 watts measured
by thermocouple.

Although these nomographs
were developed to assist tube de-
sign engineers in evaluating per-
formance in television circuits,
they may also be used in tran-
sistor applications to determine
collector dissipation in dc-to-de
converters.

CONDUCTION
RATIO

x
T
AVERAGE CURRENT "{'
PEAK CURRENT Iy, IN mA los
tp IN AMPS |
T4
-

+3

4. PEAK | conpucTion| AvERAGE ]
] INTERVAL | cypRENT RATIO | CURRENT ]
J0.08 4-0.01
Joo07 A 475 mA 0.44 104 mA

Joo0s %8B 100 mA 0.24 12 mA

1oo0s ¢ 100 mA 0.1 5mA

. BIAS CURRENT| 25 ma | 25 mA

1004

TOTAL PLATE CURRENT = 146 mA

FIG. 3—Average plate current I... is related by this nomograph to the
peak currvent i, when the conduction ratio /T is known from cireuit
information

r

8

g

S
S

PEAK CURRENT iy IN MILLIAMPS

100

0 5
be ONE PERIOD T 1
TIME (t} —

FIG. 4—Transients are ignored in this cireuit-derived example; a pair
of triangular pulses simulate the actual waveform with reasonable
accuracy. There is no bias current in this example
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RESEARCH AND DEVELOPMENT

Reducing Errors in Category Counters

L

[es
ACTUATING CATEGORY
SWITCH ~ SWITCH
(A)

CATEGORIZING

ACT-
UATING
SWITCH 330
Lo . .
(B)
By RONALD L. IVES
Palo Alto. Calif.
MEDIUM-POWER audio transistors

can prevent duplicate counts when
categorized information is fed to
banks of electromechanical count-
ers. These readily available com-
ponents reduce equipment -costs,
lower noise and virtually eliminate
maintenance.

A typical categorizing circuit is
shown in Fig. 1A. In an actual ap-
plication, the category switch might
be contact sectors of a wind vane
and the actuating switch might be
the contacts of an anemometer. In-
dividual counters would store wind
data in particular directions, and
the basic information would be
formed for plotting wind roses.

Source of Errors

If the input signal operating the
category switch is continually vary-
ing, duplicate counts could be re-
corded if two adjacent contacting
sectors of the category switch are
bridged. This statistically unde-
sirable duplication has been elimi-
nated by banks of multiple-pole,
cross-connected relays.' However,
this expedient requires considerable
space, power and maintenance.
Noise from the relays can be an-
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FIG.2—Counters are disabled when
adjacent contacts are bridged

FIG. 1 — Typical categorizing
counter circuit (A) is improved by
diodes (B) to absorb flyback and
prevent sneak circuits

noying to personnel working near
the equipment. Also, switching
transients require extensive design
work with flyback absorption to re-
duce contact maintenance and to
lower radio interference to toler-
able limits.

Circuits for eliminating dupli-
cate counts can be considerably
simplified using low-cost transistors
like the 2N307A. The antiduplica-
tion circuit in Fig. 1B uses reverse
diodes to absorb flyback from the
counter coils and forward diodes to
prevent sneak current through the
system. In this circuit, if the cate-
gory selector bridges two contacts,
only the counter connected to the
higher numbered contact is ener-
gized. Positive bias supplied
through the diode from the higher
numbered contact cuts off the tran-
sistor in series with the lower num-
bered counter.

The slight statistical error in-
troduced by this system can be com-
pletely eliminated in circular arrays
by indexing the switch arm. In
linear arrays dealing with Gaussian
functions, careful indexing can
make the error statistically unim-
portant. Actuation of the lower
numbered counter is possible with
bridged contacts by mirror-like re-
versals of the hold-off circuit in

which the higher numbered counter
is held off.

In Fig. 2, the hold-off circuits are
cross-connected with forward di-
odes between contact N and the
bases of transistors N — 1 and
N + 1. When any two contacts are
bridged, this circuit will not count.

Interpolating Counter

In a circular array, one addi-
tional circuit for each category
makes possible an interpolating
counter system. It provides the
total number of actuations during
which each pair of contacts is
bridged. With a suitably propor-
tioned categorizing switch arm, an
interpolating counter enables con-
struction of a sixteen-point wind
rose from data provided by an
eight-point wind vane. Consider-
able outside wiring is eliminated,
which is particularly important
when the sensor (wind vane) is re-
mote from the recording point. An
overlap signal can be obtained
from a cross-connected circuit
using the arrangement in Fig. 3A.

All resistors R are equal and
their value greatly exceeds counter
resistance. The diodes serve as iso-
lators, preventing a system-wide
network of sneak circuits. When
one counter is operating, the volt-
age at point A is about half the
transistor drop or slightly less than

FIG. 3—Owverlap cireuit (A) makes
possible an interpolating counter,
and tap-off circuit (B) s one of
many possible arrangements result-
ing from the wide voltage swing

electronics



Acoustical Components

« of Superior Quality

JAPAN PIEZO supplies 80% of
Japan’s crystal product require-
ments

STEREO CARTRIDGE
Crystal — “PIEZO” Y-130
X'TAL STEREO CARTRIDGE
At 207C. response : 50 1o 10.000 ¢/s
with a sceparation of 16.5db. 0.6 V

output at 50 mm'scc. Tracking
force: 6+ 1 gm. Compliance: 1.5x
10-6cm/dyne. Termination: IMQ)
+ 150 pF.

Write for detailed catalog on our
complete line of acoustical products
including  pickups, microphones,
record players, phonograph motors
and many associated products.

R

JAPAN PIEZO
ELECTRIC CO., LTD.

Kami-renjoku, Mitaka, Tokyo, Japan

————
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specialized alloys

lass hermetic seals
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RODAR
NIRON' 52
NIROMET 46

PERMANENTLY-BONDED
VACUUM-TIGHT SEALS!

0120 GLASS

~
|

|7 ~ NIROMET 46
- A

L

Temperature in C

RODAR"

NOMINAL ANALYSIS: 299 Nickel, 179% Cobalt,
0.8% Manganese, Balance —Iron

Rodar matches the expansivity of thermal shock
resistant glasses, such as Corning 7052 and 7040.
Rodar produces a permanent vacuum-tight seal with
simple oxidation procedure, and resists attack by
mercury. Available in bar, rod, wire, and strip to
customers’ specifications.

COEFFICIENT

Average Thermal OF LINEAR

Temperature Expansion EXPANSION
__Range _*em/cm/°Cx10-7 *As determined
__ 30°To 200°C. 43370 53.0 z;?v':s Sooting
~_ 30 300 441 517 oiling in hy.
_ 3 400 45.4 50.8 drogen for one
30 450 50.3 53.7 hour at 900° C.
30 500 and for 15 min-

57.1 621  \tesat1100°C.

NOMINAL ANALYSIS: 519% Nickel, Balance—Iron
This Wilbur B. Driver nickel iron alloy contains
51% nickel. Niron 52 sealing alloy is exceptionally
well adapted, and widely employed, for making seals
with 0120 glass.

NIROMET" 46

Call or
write for
Sealing
Alloy
Bulletin

Precision Electrical, Electronic, Mechanical and Chemical Alloys for All Requirements

NOMINAL ANALYSIS: 46% Nickel, Balance—Iron

A 46% nickel-balance iron alloy with expansion
properties between Niron 52 and Rodar. It is used
extensively as terminal bands for vitreous enameled
resistors.

WILBUR B. DRIVER CO.

NEWARK 4, NEW JERSEY, U.S.A.

IN CANADA: Canadian Wilbur B. Driver Company, Ltd.
50 Ronson Drive, Rexdale (Toronto)
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Chemical Division 3!,..!1..«
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Tiny, intricate components can achieve micro-
scopic precision, withstand severe operating con-
ditions when they’re made of KEL-F 81 Brand
Plastic. Complex parts molded of this plastic
meet exacting “‘specs’’ for electronic gear, missiles,
chemical apparatus, other uses.

The exceptional uniformity of KEL-F 8l
Plastic permits skilled processors to hold molding
tolerances as fine as =.002” for critical dimen-
sions. The inclusion of chlorine in the structure
of this thermoplastic assures excellent process-
ability by compression, injection or transfer mold-
ing. In addition, this material may be extruded,
finely machined or heat-treated, as needed, to
fuifill specific requirements. Exceptional uniform-
ity and high molecular weight of finished parts
are assured by ZST testing, a quality control
measure required by 3M of authorized processors.

A

=2\
F,

e @

n o — ‘

MOLDING PRECISION within £.002"
(plus 8 other benefits) with KEL-F 81

BRAND PLASTIC

8 ENVIRONMENT-CONQUERING BENEFITS OF
KEL-F 81 PLASTIC! 1) High dielectric stability:
dielectric strength greater than 500 vpm, arc
resistance greater than 360 seconds. 2) Zero
moisture absorption: minimizes surface flashover,
blocks water vapor. 3) Chemical inertness: resists
practically all corrosive media, even LOX! 4) 800-
degree range: —400 to +400°F. 5) High mechan-
ical strength: excellent tensile, impact and com-
pressive strengths, low cold flow. 6) Abrasion re-
sistance: not easily abraded mechanically or by
slurries. 7) Radiation resistance: retains great
strength despite severe exposure. 8) Infrared
transmission: permits great thin-section clarity,
other optical advantages.

For further information and technical assist-
ance, as well as the authorized processor list, see
the column at right.

“KEL-F' {S A REG. TM OF 3M CO.

MINNESOTA MINING £ MANUFACTURING CO. gm
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KEL-F 81 Plastic

BRAND
...in typical applications

Complexly designed
small parts, shown uat
left and in the insct
photo on the opposite
page, were precision
molded by Pli-O-Seal
Manufacturmg, Inc., a
subsidiary of Zero Man-
ufacturing Co. Included
are uny gears, other
small clectronic com
ponents. KEL-F 81
Plastic may be molded
incolors to provide casy
coding. Muctallic con-
ductors may be incor-
porated into the design
of the molded part,

FOR MORE DATA about KEL-F §1
Plastic for molded parts, contact the
IM Chemical Diviston Branch Office
i Chicago, Cleveland, Los Angeles
or Ridgeficid, N.J

AUTHORIZED PROCESSORS
OF KEL-F 81 PLASTIC

Adam Spence Corp.,

963 Frehnghuysen. Newark, N.J,

Allied Nucleonics Corp., .
2421 Blanding Ave . Alameda, Calif;

Auburn Plastics, Inc.,
Auburn. New York

Bonny Manutacturing Corp.,
146 Main St.. Maynard, Mass.

Carmer Industries, Inc.,
22 N. 26th St.. Kenilworth, N.J.

The Fluorocarbon Company,
1754 Clementine Anaheim. Calif,

Fluorulon Laboratories, Inc.,
Box 305 Caldwell, N.J

Garlock, Inc.,

Palmyra, New York

G-W Plastic Engineers, Inc,,

Bethel Vt

Gries Reproducer Corp.,

125 Beechwood Ave., New Rochelle, N.Y.
Modern Industrial Plastics, Div. of Duriron
Companty), Inc.,
3337 N. Dixie Dr Dayton 14, O.
Moxness Products, Inc,,
1914 indiana Ave. Racine Wis.
Penn-Plastics Corp.,

100 Fairhill Ave.. Glenstde Pa

Plastic Molded Parts, Inc.,
1350 Fifth Ave., East McKeesport, Pa

Pli-0-Seal Mfg. Co., Sub. of Zero Mfg. Co.,
1010 Chestnuf St.. Burbank, Calif

Raybestos Manhattan, Inc., Pacific Div.,
1400 Orangethorpe, Fullerton, Calif

L. W, Reinhold Plastics, Inc.,
8763 Crocker St., Los Angeles 3

Saunders Engineering Corporation,
3012 Spning St., Redwood City, Calif

W. S. Shamban Co., )
11617 W Jefferson Blvd.. Culver City, Calif.

Thermotech Industries, Inc.,
3336 Gorham Ave., Minneapolis 26, Minn,

Timely Technical Products, Inc., Industrial
Plastic & Engineering Div., Verona, N.J

For general technical information
about KEL-F 81 Plastic, write Chem-
wal Division, Dept. KAX-62, 3M
Company, St. Paul I, Minn
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one volt using the values in Fig. 1B.
With the actuating switch closed
and two contacts bridged in the
cross-connected circuit in Fig. 2,
voltage at A isx about 3 supply volt-
age or slightly less than 6 volts
using the values shown in the cir-
cuit in Fig. 1B.

With a voltage swing at point A
of nearly 5 volts, a variety of tap-
off circuits can be used to indicate
contact bridging or actuate an in-
termediate category counter, such
as the tested tap-off circuit in Fig.
3B. Because of the wide tolerances
in this circuit, stock components
~an be used.

Limited experience with transis-
torized antiduplication circuits in-
dicates that they can provide supe-
rior performance with reduced cost.
power consumption, maintenance
and noise. Even greater savir gs ap-
pear possible by transistorizing
relay-tyvpe interpolating cireuits,
REFERENCE
(1) R. L. Ives, Anti-Duplication Coatactors

for Wind Direction Recorders, Trans Amer
Geophys Union, 27, p 556, 19.16.

Meteorology of Mars
and Venus Is Studied

THEORETICAL MODELS of the atmos-
pheres of Mars and Venus are be-
ing made. They will describe tem-
perature variations, seasonal varia-
tions and atmospheric circulations
of the two planets. The models are
expected to be ready by the 2nd of
the year.

The National Aeronauticz and
Space Administration has awarded
a contract to Geophysics Corpora-
tion of America to conduct the co-
ordinated study of the meteorology
of the two planets. It is being ear-
ried out by a team of meteorolo-
gists, astronomers and astrophys-
icists.

The group is reviewing more
than one hundred completed studies
of Venus and more than twa hun-
dred similar studies of Mars. The
purpose of this review of informa-
tion previously gathered is to evalu-
ate the data in terms of its meteor-
ological significance.

Camera Photographs Laser Beam

Three motion-picture strips were made by kigh-speed camera in laser study
at U. S. Army Signal Researeh and Developnient Labaratory. At left, laser
beam bursts a balloon, at center it burns hole in steel razor blade and at

right it decomposes graphite sample
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COMPONENTS AND MATERIALS

Device Designers Eye Tellurium

By ALLEN NUSSBAUM

Division Head, Solid State Division,
American Electronic Laboratories,
Colmar, Penn

AN EXAMINATION of the interesting
and potentially useful characteris-
tics of tellurium should prove stim-
ulating in connection with the
search for new effects possible in
the performance of circuit fune-
tions. (See ELECTRONICS, May 11,
p 52)

As an elemental semiconductor,
tellurium has both useful and an-
noying properties. Tellurium is
chemically similar to sulphur, the
semiconductor selenium, and the
metal polonium. Similarity to sul-
phur has led to the use of tellurium

@ FIRST ATOM IN CHAIN
@® SECOND ATOM IN CHAIN
O THIRD ATOM IN CHAIN

(B)

FIG. 1—Spiral-chain crystal struc-
ture of tellurium, showing a side
view (A), and an end view (B)
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FIG. 2—Dependence of the resis-

tivity of tellurium on temperature
and direction of current

in rubber compounds, and addition
of about 2 per cent will improve re-
siliency and abrasion resistance.
Electrical properties of tellurium
are a consequence of its unusual
crystal structure. Atoms are ar-
ranged in spiral chains, each spiral
having three atoms per turn, Fig.
1A. The top view of Fig. 1B indi-
cates that the fourth atom in each
spiral lies directly over the first
atom, the fifth one over the second,
and so on. Spiral chains are ar-
ranged in a hexagonal pattern.
Spirals can exist in either a right
handed or left-handed form. Polar-
ized light is rotated in one direc-
tion by a right-handed crystal and
the same amount in the opposite
direction by a left-handed one.!
Tellurium crystals have been
grown by the Czochralski method.”
These crystals are small in diame-
ter, a few millimeters at the most,
but recently a group at the Ecole
Normale Superieure in Paris, un-
der Pierre Aigrain, have succeeded
in producing large crystals.
Tellurium is brittle and cleaves
nicely in directions parallel to the
hexagonal faces by merely tapping
lightly with a razor blade, yielding

bright, mirror like surfaces. It is
also soft, simply carrying it nested
in cotton wool will seratch the sur-
face. Highly sensitive to mechani-
cal action, imperfections are easily
introduced by merely picking up
samples with tweezers and the best
method of carrying tellurium is to
slide it onto a sheet of paper.

Unlike silicon and germanium,
tellurium 1is anisotropic—that is,
its electrical properties in the di-
rection parallel to the axes of the
chains are different from those
measured in a direction perpendicu-
lar to these axes c-axis and a-axis
of Fig. 1A. Resistivity, shown as a
function of temperature, indicates
that the values along the two direc-
tions are different, although shapes
of the curves are almost the same,
Fig. 2.

Another important property of
tellurium is the Hall coefficient.
Figure 3 shows peculiar properties
of the Hall coefficient of tellurium
measured with the current along
the c-axis.® At low temperatures
(below about —20 C), tellurium is
p-type. When warmed up to room
temperature and above, it goes to
n-type. This is normal in a semi-
conductor, since heat produces elec-
tron-hole pairs, and the higher-
mobility electrons determine the
conduction type. No one has yet re-
ported producing n-type tellurium,
and although iodine is the most
logical choice as an n-type dope—
in analogy with phosphorus in sili-
con—the addition of this impurity
has simply made tellurium more
p-type. Hence, it is not possible at
this time to make tellurium pn-
junctions.

Figure 3, taken from Nussbaum
and Hager®, shows also that at tem-
peratures above about 230 C, tel-
lurium reverts back to p-type. Low-
temperature reversal depends on
the amount of impurities present,
since the more holes that are con-
tributed by the impurities, the
higher the temperature will be
needed to cancel electrons.

The explanation of this second

electronics



e 0TS LOTS . 6TS .0 wright/Sperry

Starting June 4-...
Listed on the '

NEW YORK
STOCK EXCHANGE

CTS products are sold on every

Electronic Components for:

MISSILES continent: Variable resistors and
AIRCRAFT associated switches, selector switches,
OIS VAR LU loudspeakers, trimmers, thin film
RADAR . o

COMMUNICATIONS microminiaturized components.

MINIATURIZATION

DATA PROCESSING CTS corroration

TEST EQUIPMENT ELKHART, INDIANA

634,000 SQ. FT. IN 6 PLANTS ¢ COAST-TO-COAST ANO CANAOA

(TS ..CTS .. TS ..CTS
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Temperature Compensated

SPEED ; ' | Servo Motor Tachometers
A-D ) ... ! Now available are servo

motor tachometers which
operate reliably over a wide
CONVERTER ambient temperature range.
For example, from 0°C. to
85C., this Size 11 will main-
1.5 n sec per bit Automatic Zero Stabhilization tain a speed sensitive volt-
age to within 0.3%, a phase
shift to within 1°, and a

Tex;ls Instruments Model 834 Analog-Digital Converter is |
a versatile, all solid state instrument combining high speed with

high accuracy. Basic speed is 25 microseconds per conversion tachometer linearity of
(40,000 12 bit conversions per second) ; accuracy is *=0.05% of 0.07% from 0 to 3600 rpm,
full scale, #=14 the least significant bit. The instrument provides

full scale ranges of +2.5, ==5.0, and +10.0 volts with an input Write For Data Sheet 20C673

impedance of 200,000 ohms. Modular construction allows modi- |

fication of output logic levels and digital code to suit various | w—
system requirements. RIGH @éﬂ'ﬂﬁ'@v

Write for complete information. } Division of Sperry Rand

(¢} .
APPARATUS DIVISION " TEXAS INSTRUMENTS Durham, North Carolina
PLANTS IN HOUSTON INCORPORATED ’ -
UL AL 3609 BUFFALO SPEEDWAY Telephone 682-8161
P.O. BOX 66027 HOUSTON 6. TEXAS 78
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Finish the moon shot
Jules Verne began
72 years ago!

Science fiction pioneer Jules
Verne foresaw problems in hitting
the moon. His fictional moonship
missed its mark, after ncarly
colliding with a meteor.* Now,
72 years later, Hughes offers you
the opportunity to be part of a
real moon project.

Help us soft-land the Surveyor on
the moon with a package of delicate
test instruments. Or work with

us on other sophisticated projects:
VATE (versatile automatic test
equipment); ARPAT (terminal
anti-missile defense system);
Mid-course anti-missile defense
systems; BAMBI (ballistic
anti-missile booster intercept);
SYNCOM (synchronous-orbit
communications satellite),
Positions are open for senior

and junior control engineers,
circuit designers, electronic
weapon systems analysts,
mechanical engineers and
infrared specialists, with degrees
from an accredited university,

Please airmail your resume today to:

Mr. Robert A. Martin

Head of Employment
Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City 47, California

Creatina a new world with ELECTRONICS

L
c
Q
L
m
()]

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS
An equal opportunity employer.

*In Verne's 1890 novel, “From the Earth to
the Moon.” his spaceship, “‘Columbiad,”
was launched from Tampa, Florida—just
120 miles from Cape Canaveral! After
missing the moon, the craft returned to
earth at 115,200 miles an hour. It plunged
into the sca, popped to the surface —and
the three men inside were found “playing
at dominoes.”

Bettman Archive

June 8, 1962
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FIG. 3—Dependence of the Hall coefficient on temperature and pressure.
Note double reversal from p-type to n-type and back to p-type, which is

unique to tellurium

reversal, which has not been found
in any other semiconductor, is that
tellurium contains two kinds of
holes. Normal, or slow holes are
involved in conduction at ordinary
temperatures, whereas fast holes,
requiring a high temperature to be
activated, can overwhelm the elec-
trons at the anomalous reversal
point. The graph also shows that
the Hall coefficient is pressure-
dependent, and the reversal tem-
peratures are shifted away from
each other under high hydrostatic
pressure.

The resistivity of tellurium has
also been found to be pressure-
dependent', and this leads to the
well-known piezoresistance etfect.
Change in resistivity with pres-
sure is quite large, especially near
the fracture point of 4 x 10
dynes/cm®. These whiskers are gen-
erally obtained by accident during
the growing process, when the tel-
lurium vapor condenses on cool
spots in the apparatus. With care-
ful handling, they can be mounted
and used as sensitive strain gages,

but are quite heat sensitive, as Fig.
2 shows.

Optical properties of tellurium
are of the most practical impor-
tance. These also are dependent on
the relative orientation of the crys-
tal.

Comparative data for a number
of common infra-red cells shows
that tellurium, when cooled to
liquid air temperature, falls into a
“window” in the atmospheric ab-
sorption bands, and hence possesses
a definite advantage over lead sul-
phide.

Cells made with the detector
crystal mounted on a second, inac-
tive element, have resulted in units
which are quite sensitive at room
temperature, and which are among
the best available in the near-infra-
red region when cooled.”

REFERENCES

) K. C. Nomura, Phys. Rev. Lett. 5, 500
960)

) T. J. Davies, J. Appl. Phys. 28, 1,217
957)

) A. Nussbaum & R. J. Hager, Phys. Rev.
3. 1,958 (1961)

G. Syrbe, Ann. der Physik 7. 132

. D. Butter and L. D. McGlauchlin,
RIS 5, 103 (1960)
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PRODUCTION TECHNIQUES

Ultrasonic Welding in Electronic Production

By J. M. PETERSON
Sonobond Corp., West Chester, Pa.

H. L. McKAIG
C. F. DEPRISCO

Aeroprojects Inc., West Chester, Pa.

ULTRASONIC WELDING appears to
have a number of significant advan-
tages in electronic production. The
bond created by ultrasonie welding
is a true solid state metallurgical
bond and does not require melting
of the base metals. Heat as such is
not applied in the process; the me-
chanical motion imparted by the
nltrasonie transducer creates the
necessary conditions for the weld.

It has been known for a number
of years that when two pieces of
metal with surfaces sufficiently
smooth and clean are brought into
intimate contact, the unsatisfied
bonds of atoms of the surfaces link
to form a metallurgical bond. This
phenomenon is the mechanism in-
volved in ultrasonic welding.

Under normal environmental con-
ditions, however, even a superfin-
ished surface has peak to valley ir-
regularities of about 5x10™* cm,
which is equivalent to about 200
atomic layers. In addition, metal
surfaces are not clean when viewed
on an atomic scale. An apparently
clean, bright steel surface, for ex-
ample, will typically be covered by
a layer of iron oxide about 200
molecules thick. The oxide layer it-
self has unsatisfied bonds that at-
tract moisture, forming another
layer that depends somewhat on the
relative humidity but is always 2
or 3 molecules thick. These two
layers, shown in the sketch, are
sufficient to prevent metallurgical
bonding under normal environ
mental conditions.

The vibratory energy transmit-
ted to the weld zone by the trans-
ducer (Fig. 1) produces complex
tension, compression and shear
stresses. When these stresses
exceed the elastic limit of the mate-
rials being joined, plastic deforma-
tion occurs at the interface, dis-
persing adhered moisture, organic
films, and surface oxides. When the
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FIG. 1—Clamp-
ing force to hold

FORCE-INSENSITIVE
MOUNT

CLAMPING
FORCE APPLIED
THROUGH MOUNT

VIBRATION ¢
™ COUPLER \

weldment in place - 1
plus vibratory il
motion imparted TRANSDUCER
by the welding
tip are the =
essential elements WELOMENT
m wltrasonic ANVIL
welding PIVOT MOUNTING
TO WELDER FRAME
ELECTRICAL
ENency | uLTRASONIC
l PLASTICIZATION
TRANSOUCER ELASTIC META;E:EG'CAL
LIMIT

FIG. 2—Model
of ultrasonic MECHANICAL
welding process ENERGY
indicates how PLASTIC DEFORMATION

energy operates oy
materials being
welded to

produce a true
metallurgical bod.
Many combinations
of materials

OSCILLATING STRESS

I. TENSION

2. COMPRESSION

3.SHEAR

I.DISPERSES ADHERED
FILMS

2.DISPERSES OXIDE FILMS
3. PROVIDES GREATER AREA

-

T

OF SURFACE CONTACT

can be welded ELASTIC HYSTERISIS
{TEMPERATURE RISE THERMAL
30% TO 50% OF MELTING- PLASTICIZATION
ING POINT)
AL BE Cu GE AU FE M6 MO NI NB Pp PT SI A6 Ta SN Ti W U Zr
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GOLD 0 O 0 |
iron 8 sTEeL| @] (@)@ ® O LJLJ
MG 8 ALLOYS |@ o |
Mo 8 ALLOYS |@|@ ® '
N8 ALLOYS @@ |@ L J |
N8B & ALLOYS |@
PD & ALLOYS |@ ® |
PT 8 ALLOYS o |
FIG. 3—Material com- SILICON o
binations that have Ac 8 ALLOYS | @@ ®
bheen joined by ultra-
sonie welding. Many of Ta 8 ALLOYS |@ -]
the blanks are not TIN o
necessarily  impossible 71 & ALLOYS | @
but either have not been
tried, required higher w8 ALLoYS |@
power than was avail- URANIUM ®
able, or presented «
transducer pnroblem ZR 8 ALLOYS \!
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New 12" Wide-Vue

Another new member in this popular family. Needs
only 3.1 sq inches of panel area. Supplied in DC,
AC (rectifier), and VU types. Colors are standard BT,
black or your choice. Self-shielded core magnet Supn

type movements. Forty-seven stock ranges in six
types ... Model 1212C, DC; Model 1214C, AC and
VU. This very popular style of meter is also stocked
in 215", 314", and 414" sizes. See your electronic
distributor for the many stock ranges.

N
Q"\.\ 4 § l/,/

_______._.___.________.___-—.—____.___..__._.___.—...___-—_

WO /2){ Segmental (Expanded Scale)

SN 5 AC Voitmeters—3'2" and 41"
(2

Stock meter reads 100 to 130 AC volts. Other

ACVOLTS ranges supplied on special order. Frequency

range is 20-2,000 cps. Accuracy is +0.59, of

Ni : .
'"f",“ '»' center scale value at 25°C and 60 cps sine wave.

. Self-shielded core type movement ; rectangular
cases. Stock units are 31%” Model 1347C
(Wide-Vue Style), 414” Model 1349C (Wide-
Vue Style), and 414" Model 49C. See your
electronic distributor.

Wide-Vue Case Style

1% and 2% DC Meters From Stock

Rectangular 6” cases. Mirror scales on 19, me-
ters. Self-shielded core movement or external
magnet type depending on range. Order Model

1150-E and specify either 19, or 29, accuracy. D. . MICROAMPERES
Milliammeters and microammeters stocked in =
both accuracies; voltmeters, millivoltmeters, and \m;’);(,n

ammeters stocked in 29, only. See your electronic
distributor. For other than stock ranges, send us
your specifications,

Write on Company Letterhead for Completely
NEW 88-Page Catalog and Engineering Man-
ual No. 18. Gives Comprehensive Listings on
All Simpson Panel Meters,

o

SIMPSOM ELECTRIC COMPANY

5203 West Kinzie Street, Chicago 44, lil.
Phone: EStebrook 9-1121 (Area Code 312)

In Canada: Bach-Simpson Ltd., London, Ontario

INSTRUMENTS THAT STAY ACCURATE
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(ADVERTISEMENT)
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—""Z_LOOKING
n\\\ FOR

THE

IDEAL

AUTOMATIC
TERMINAL
» SETTER?

STOP.”You’ve found it. Name is
Electroset. Sets up to 4200 ter-
minals per hour. Very reliable.

Performance tested and proven
by leading electronics firms.

LONG RUNS: Model FST-1 — raceway-fed, for
split-lug, feedthrough, and other terminals. Up to
4200 per hour. All electric. (Model FST Automatic
Terminal Setter, not shown, a tube-fed model, achieves
even faster production rates.)

3
|

SHORT RUNS:
' Electropunch — sets
hand-fed terminals
twice as fast as conven-
tional methods, solves
terminal setting prob-
lems for as little as
$163. All electric. Foot-
switch operation.

What's your problem?
Black & Webster can help.
Send sample terminal
and requirements.
Write today for 14-page
catalog describing our
complete line of produc-
tion tools,

BLRCK E WEBSTER. INC.

Dept. E, 570 Pleasant St., Watertown 72, Mass.

i
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Contact the
BLACK & WEBSTER
representative
nearest you:

Geo. M. Chambers Co., 175 White Rock
Dr., Windsor, Conn.

A. W. Chester, P. O. Box 44, Lexington
73, Mass.

W. B. Conrad Co., 13438 Fenkell Ave.,
Detroit 27, Mich.

David W. Davenport Co.,
Ave., Cleveland 3, Ohio

Val Dodd, P. O. Box 222, Orange, N. J.

W. V. Goodson Co., 1118 Madison Ave.,
Toledo 2, Ohio

T. S. Higbee, 1007 McCartney St.,
Pittsburgh 20, Penna.

Lafayette Tool & Supply Co., 3355 N. W.
27th Ave., Miami 42, Fla.

Long Island Machy. Sales Corp., 568 W.
Hoffman Ave., Lindenhurst, L. I., New
York

Lorenz Company, 5222 Fairview Ave., St.
Louis 9, Missouri

Machine Tool Corp., 3210 Bloomington
Ave., Minneapolis 7, Minn.

McClean Machinery Co., 549 W. Washing-
ton Blvd., Chicago 6, lil.

Claude Michael, Inc., 703 West lvy, Glen-
dale, Calif.

Claude Michael, Inc., 550 Cowper, Palo
Alto, California

0. & B. Equipment Co.,
Parkway, Buffalo 14, N. Y.

0. & B. Equipment Co., 2649 Atlantic
Ave., Rochester 10, N. Y.

Fred A. Pease Co., P. O. Box 646, Aurora
Br., Denver 8, Colorado

Riley & Aleshire, Inc., 615 Greenwood
Ave., Jenkintown, Penna.

Wakefield-Krauthoff Co., 3709 W. Fond
du Lac Ave., Milwaukee, Wis.

Bud Watts Machinery Co., Inc., P. O. Box
5435, Memphis, Tenn.

Don Wheeler & Assoc., 929 Burnt Hickory
Dr., S. W,, Atlanta 11, Ga.

lenry M. Wood Co., 920 E. McMillan St.,
Cincinnati 6, Ohio

5713 Euclid

124 Jewett

work-piece surfaces are thus
brought into intimate contact over
an adequate area, a metallurgical
bond is created.

A small transient temperature
rise—30 to 50 percent of the melt-
ing point for like metals—results
from elastic hysteresis and defor-
mation. The plasticity of the met-
als is increased both by this tem-
perature rise and by the ultrasonic
vibrations themselves, as the proc-
ess model shown in Fig. 2 indi-
cates,

The creation of true metallurgi-
cal bonds without the melting of
parent metals is responsible for
many of the characteristics of the
process. For one thing, there ap-
pears to be no lower limit to the
thickness of material that can be
welded. Wires as small as 0.003
inch in diameter and foils 0.00017
inch thick have been routinely
welded without damage. Materials

ABSORBED LIO‘EJID OR VAPOR

METAL

+—i =1 MICROINCH, OR APPROX.
100 ATOMIC DIAMETERS

Surface of « smooth, clean metal
has peaks and vallies, an oxide
layer and a film of water. The sur-
face coatings are displaeed and the
peaks and vallies are plasticized in
wltrasonic welding

as thin as these can be welded with-
out burning through because heat
as such is not applied and thus does
not present a control problem.

Thin materials can be welded to
thick materials because there is no
great heat sink problem as there is
in thermal welding, where the
amount of heat required to melt the
thick section is often enough to
damage the thin section.

A wide variety of similar and dis-
similar materials can be joined, as
indicated in Fig. 3. Many of the
blank spaces in the chart are com-
binations for which welding has
not been attempted, or which ap-
peared to require higher power
than was available at the time, or
in which the tip problem had not
been solved. Aluminum, however,
can be welded to glass and copper
can be welded to steel.

Materials that have relatively

electronics



lirge coefficients of electrical or
thermal conductivity require rela-
tively large amounts of electrical
energy in resistance welding, and
good control is necessary to prevent
burn-through and yet assure ade-
quate melting., This limitation does
not apply in ultrasonic welding.
Some materials are too sensitive to
heat to be welded with a thermal
process; oxidation, grain growth,
recrystallization and other metal-
lurgical and mechanical effects are
undesirable by-products of some
thermal welding operations,

The local heat rise in an ultra-
sonic weld results from the com-
bined effects of elastic hysteresis,
highly localized xlip. plastic defor-
mation. ete. Although melting does
not occur, at least in monometallic
welds, the transient heat rise some-
times causes phase transformation,
recrystallization,  diffusion  and
other effects, depending on the ma-
terials being welded.

Bonds are Clean

An important factor is lack of
contamination of the weld area.
Fluxes, electrode shielding coatings
and adhesives are not required in
the process and thus there ix no
residue.

Surface cleaning is not critical
prior to welding since the vibratory
energy breaks down many common
oxide films and disperses other sur-
face films. Many of the more eaxily
welded materials can be welded in
the mill-finish condition, provided
only that the surface lubricant is
removed, [t is possible to produce
ultrasonic welds even through sur-
face deposits and coatings, but the
power requirements go up. Welds
have been made in  aluminum
through 0.0001 inch anodized coat-
ings,

Void free junctions are the rule
and there is relatively little inclu-
sion of foreign material. Thus low
noise. low ohmic connections are
typical, especially in joints of dis-
similar metals, where the low tem-
perature of the operation elimi-
nates or greatly reduces the forma-
tion of brittle, high resistance in-
termetallic compounds,

The low temperature of the proc-
esx also allows it to be used close
to temperature sensitive and even
volatile material. Preheating is not
required so there is no danger to
assemblies from thermal distortion.
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hy load your circuit —and your design — to ac-
commodate a low-impedance, overload-prone, often
unsensitive panel meter?

You can unburden both with a trio/lab “build-in” elec-
tronic meter that combines VI'VM high impedance and
sensitivity with unusual overload tolerance. Scarcely
larger than its meter movement, a build-in is econcmical
too — costs only a fraction of what it takes to compen-
sate a circuit for low meter-impedance and sensitivity.

After 8 pioneering years in producing build-ins, trio/lab
offers over 1400 standard vzriations of these remarkably
versatile instruments: single and multi-scales, single and
multi-ranges, normal and phase-sensitive modes, AC and
DC capabilities, and ruggedized versions to MIL spec.

Specify your scaleplate parameter, too: you thus mini-
mize “translation” error, always read “up-scale”, and, if
need be, can accommodate non-linear functions with ex-
panded or logarithmic scales. Won’t you let a trio/lab
build-in offer an unburdening hand? Soon?

Unburden Your
Circuits
with trio/lab “Build-Ins”
* VI'VM sensitivity

* meter-movement compactness
* remarkable economy!

Origina: Concepts in Instrumentation

TRIO LABORATORIES, INC.,, PLAINVIEW, L., NEW YORK
OVERBROOK 1-0400, AREA COQE 518, TWX HKVL 116886
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NEW PRODUCTS

DESIGN AND APPLICATION

FREQ
SOURCE

PC-40

pPC-45 N

- INPUT FREQ
(N, Nz) +N3

PC-40

=N
+Np 3

SCR AND GATE

Solid State-Magnetic Counting Element
LOW IDLE POWER REQUIRED

MANUFACTURED by Waugh Eng.
Div., Foxboro Co., 7740 Lemona
Ave.,, Van Nuys, California is the
PC-40 magnetic frequency divider
based on the principle of incre-
mental saturation of a magnetic
core. The flux state of the core is
changed from a minus flux density
saturation level to plus flux density
saturation in a prescribed number
of steps by close control of input
energy per step. A transistor
switch is used to detect core satura-
tion by comparing pulse impedance
of an input winding with a fixed
resistance in the transistor base
circuit. When the winding imped-
ance is very low, denoting satura-
tion in the direction of the input
pulse polarity compared to the fixed

m

Log Voltmeter
70 DB ON ONE SCALE

ANNOUNCED by Houston Instrument
Corp., P. O. B. 22234, Houston 27,
Texas, is the model HLVC-150 log
voltmeter-converter providing con-
tinuous ranges between 0.001 to
3.16 v, 0.01 to 31.6 v and 0.1 to 316
v. Lower linear db scale is move-
able over a range of =75 db to per-
mit readings relative to any
selected reference level. Qutput for
log recording is 1 mv per db with
0.2 db absolute accuracy over a 70
db range. Operation is with either

66

resistance, the transistor switches
on and is held in conduction until
the core is saturated in the opposite
direction. This operation resets the
accumulator core. The reset pulse
is used as the output. Division fac-
tor range is 3 to 11 with 25 turn
sdjustment, frequency range is d-c
to 7 Ke¢ random periodic, division
faotor stability is constant at
selected integral value over all en-
vironmental conditions, tempera-
ture is —65 to +160 F, shock is at
least 100 g for 10 ms, vibration is
20 g from 10 to 2,000 cps and the
unit is 1 X 1 x 0.6 in. The sketch
shows a typical use in division by
prime numbers.
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a-c or d-c inputs between 10 cps and
50 Ke, with input impedance of 10
megohms. The principle of loga-
rithmic conversion is shown in the
sketch. A selected load resistor
loads a potentiometer wiper to pro-
vide a close approximation to
logarithmic interpolation with an
error decreasing extremely rapidly
with the ratio of voltage across the
ends of the potentiometer. The unit
uses a 3-turn linear potentiometer
with 11 equally-spaced taps. Each
tap point is clamped by a special
tapped toroid in a manner to main-
tain the voltage at each tap twice
that of the lower tap, to provide
6.02 db tap spacing. The load re-
sistor provides loading between
successive taps accurate to =0.05
db. The process is repeated as the
wiper is driven by a servo to main-
tain constamt wiper output voltage.

The latter is detected and compared
with a double-regulated, tempera-
ture-compensated zener reference.
The servo drives the scale pointer
and output potentiometer to pro-
vide output of 1 mv per db.
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Laser Detector

ULTRAFAST DIODE
MANUFACTURED by CBS Labora-

tories, High Ridge Road, Stamford,
Conn., the CP-1 solid-state laser
detector is a silicon diffused,
planar, surface-passivated light
sensor designed for ultra low leak-
age current at high reverse bias
and with ultrafast response time.
The n-type base is connected to the
collector lead of the header while
the emitter makes the top contact.
For single diodes, the base lead is
left open. Forward voltage is 1 v
at 5 ma, dark reverse current is
—10 na at —10 v, while photo re-
verse current is —20 na at —10
v measured using a tungsten lamp
at ~ 2790 K at an illumination
level of 100 ft candles (light-sensi-
tive area is about 1 x 107 sq. in.).
Breakdown voltage is —50 v at —10
ra, reverse recover time to 1 ma
is 4 nsec at forward current of
10 ma and reverse voltage of —6 v,
and the capacitance is 3 pf at zero
reverse voltage. The sketch shows
a typical application of the diode
to detect output from a ruby laser.
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Microwave Tube
MEGAWATT POWER

SYLVANIA ELECTRIC PRODUCTS INC.,
Mountain View, Calif., announces a
microwave tube capable of mega-

electronics



NEW FROM SORENSEN

INSIDE STORY on our new line voltage regulator
...simple, fast starting, dependable, transistorized,
competitively priced. For complete specs, write to:

A UNIT OF RAYTHEON COMPANY

RICHARDS AVENUE * SOUTH NORWALK e CONNECTICUT
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PRINTED CIRCUIT
DRILL for versatility

at

N EW. seSpindle feed control

provides infinite range of con-
trolled feed rates.

For prototype panels or high production
work, drill quickly and easily without
specialized labor or expensive tooling.
The Green D2 Pantograph Engraver

with D2-201 Pneumatic Attachment
provides manufacturers with a Printed |
Circuit Drill having unlimited applica-
tion flexibility. Check these features:
o Spindle speeds to
26,000 R. P. M.
@ Drill speeds and feeds
independently adjustable

o May be used for
profiling and engraving

drills

up to
@ Boards can be stacked

Ioo 4 deep for fast production

hOIES/mm_ o Operates on ‘‘In Plant”’

compressed air or

tank air (very small

volume required)
Whatever your requirements, the Model
D2-201 is the answer —complete and
ready to operate. Write or call today
for full details.

GREEN INSTRUMENT

COMPANY, INC.

Dept. 63 « 295 Vassar Street
Cambridge, Mass. « ELiot 4-2989
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watt-level peak power outputs
across an 18 percent bandwidth in
X-band. The tube, which is de-
signed to produce up to 15 Kw aver-
age power, utilizes a slow-wave
structure that is capable both of
propagating a wide range of fre-
quencies and dissipating large
amounts of heat.
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I METER
0O OFF MOVEMENT
150V

SEALE l INT BATT |, |
1

Electrostatic Voltmeter
EXPANDED SCALE

RECENTLY announced by Sensitive
Research Instrument Corp., 310
Main St., New Rochelle, N, Y., is
the model ESX expanded scale elec-
trostatic voltmeter enabling prac-
tical readings down to 2 v with an
input resistance of 1 X 10" ohms
minimum, The range goes to 300 v
with =1.5-percent full-scale ac-
curacy, capacitance is 220 pF and
frequency response is d-c and 25
cps to 0.75 Mc. The instrument is
an a-c/d-c 0 to 150 v full scale true
rms responding electrostatic volt-
meter with an adjustable built-in
battery power supply. Instrument
is switched for operation with
either electrostatic movement di-
rectly or batterv circuit added in
series (see sketch). Once stand-
ardized, any d-c voltage applied
from external source is in opposi-
tion to internal battery and deflec-
tion is from normal full scale back
to normal zero. The instrument
measures the difference between
internal power and external applied
signal. As a result, scale charac-
teristics are reversed and greatly
expanded in the area between 0 and
75 v, a portion normally unusable
because of insufficient resolution.
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Scalers and Timers

BAIRD-ATOMIC, INC., 33 University
Road, Cambridge 38, Mass. Employ-
ing computer-type solid-state logic
circuits for all counting functions,
the Cambridge series of scalers and
timers provide the accurate, reli-

able response required for a wide
variety of counting applications.
Transistorized circuitry is utilized
throughout, and each decade, input,
and logic circuit is packaged on a
separate plug-in circuit card.
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Data Display
COMPACT UNIT

METRIC SYSTEMS CORP., 736 North
Beal St.,, Fort Walton Beach, Fla.
Series 4001 is a line of converter-
display units, designed to accept
one of several binary code formats,
and translate to a six digit decimal
presentation. Unit is completely
self-contained, including power
supplies and removable indicator
section. Several remote indicator
banks may be driven by a single
converter,

CIRCLE 307 ON READER SERVICE CARD

Diode Clip
SPEEDS TESTING
TERADYNE, INC., 87 Summer St.,

Boston, Mass. The Daymarc diode
clip automatically locates the test
component in the contacts when it
is dropped from the hand. Four
contacts reliably permit error-free
measurements. Ease of loading
permits extremely high testing
rates. Diodes and components with
magnetic leads including glass re-
sistors, capacitors, etc., are rapidly
handled even with bent leads. Price
is $65.
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Image Rejection Mixer

MICROWAVE DEVELOPMENT LABORATO-
RIES, INC., 15 Strathmore Rd., Nat-
ick Industrial Center, Natick,

electronics



Mass., has developed an image re-
jection mixer, model 90MR16-1, op-
erating from 8.5-9.6 Gc in WR90
waveguide. The mixer, by phasing
out the image, provides 20 db image
rejection without the use of filters.
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Microphone
OXYGEN-MASK

ROANWELL CoRrp., 180 Varick St.,
New York 14, N. Y. Model ROM-
32(29) is a dynamic (moving coil)
type microphone with application
in both pressure breathing and de-
mand oxygen masks. Microphone is
tested to USAF specification MIL-
M-9434B. Unit's noise cancellation
feature permits intelligible speech
transmission in a 120 db ambient
noise field. The microphone has a
sensitivity of —64 db ref 1 mw
Newton/m* (10 dynes/cm®) taken
across a 5 ohm load; frequency
range of 200 cps to 5,000 cps.
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Thermocouple
REFERENCE JUNCTION

CONSOLIDATED OHMIC DEVICES, New
Hyde Park, N. Y. has developed
a series of 48 multichannel thermo-
couple reference junctions available
with negative or cold reference
temperatures far below ambient.
The 4800 series junctions were de-
signed to fill the need for absolute
accuracy in laboratory instrumen-
tation. The junctions are designed
around a cavity whose temperature
is stable to within =+0.05 F. The
stabilizing devices for the cavity
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Beryllium copper’s reliability

is vital to quality electronic
parts ... here’s why

S

Whether for switch contact arms, springs, connectors or other
items that demand dependable performance through thousands
of cycles . . . or satellite and rocket components that must meet
the extraordinary high reliability factor of 99.999996%, elec-
tronic designers choose BERYLCO® beryllium copper to meet
the challenge. The reason—designers know beryllium copper
can provide the unusually wide range of properties needed for
performance without failure. And it can be fabricated easily in
the non-hardened state and then heat-treated to maximum
properties—beyond those of any other copper base alloys. Its
dependability means true economy. Compare BERYLCO alloys
with other commonly used materials:

BERYLCO ALLOY COMPARISONS

Tensile Yield Strength | Proportional Electrical
) Strength 0.2% offset Limit Rockwell Co %c "-34‘
Material Temper PSI PSI PS! Hardness %% 1ACS
(000 omitted) | (000 omitted) | (000 omitted) (min.) (‘r’ni" )
(typical) (typical) (typical) .
BERYLCO 25 HT 185 165 114 c38 22
BERYLCO 10 HT 115 107 78 B95 48
PRESRONZE | 5pring 98 98 - B892 15
BRASS (70-30) Hard 76 63 — B79 28

If you manufacture electronic components, give them the
best—BERYLCO beryllium copper. Write today for the whole
story—or call a BERYLCO specialist to discuss your needs.

FIRST IN BERYLLIUM

THE BERYLLIUM CORPORATION

READING, PA.
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PACKAGEI]
SERVO ASSEMBLIES

Kearfott packaged servos combine all components (synchros,
resolvers, motor-generators, amplifiers, etc.) of typical position-
ing servos. Available in two basic versions: BuOrd configuration
with output shaft, and flat pack in-line configuration without
shaft; transistorized amplifier can be built into either. BuOrd
size 11 (with two size 5 components), size 15 (with up to four
size 5 components), and size 18 (with up to six size 5 com-
ponents). Flat pack type accommodates up to four wound com-
ponents. Component complement and precision gearing in a
wide range of ratios . . . to your specifications.

For complete data write,Kearfott Division, General Precision, Inc.,
Little Falls, New Jersey.

KEARFOTT

HIGHLY
RELIABLE

SHAFT POSITION-TO-DIGITAL CONVERTERS

Resistant to high shock, vibration, and temperature extremes.
Applications include latitude, longitude, azimuth, or conven-
tional angular shaft digplacement conversion ard decimal count
conversion. Kearfott’s exclusive drum design gives large con-
version capacity (typical unit 215) in small size. Combination
counter-converter assemblies for visual and e'ectrical readout
also available.

CHARACTERISTICS:

Part Number P1241-11A P1240-11A Y¥1240-11A ¥1241-11A U1240-11
Code Ciclic Binary Binary Deamat
No. of Drums 5 3 3 2 4
Range 0-32,768(2'5) (4)0to(+)999 O to 359.9 010359 01t0359.9
(—)999to(—)0

Bits per Revolution 16 20 40 40 40
Revolutions for

Total Range 2,048 100 90 9 90

For complete data write Kearfott Division, General Precision, Inc.,
Little Falls, New Jersey.

>

are of proportional control solid
state  construction, eliminating
problems due to noise.
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Tunnel Diode Pairs
A-C AND D-C MATCHED

GENERAL ELECTRIC (0., Syracuse,
N. Y., offers germanium tunnel
diode pairs a-¢ and d-e¢ matched
over a 10-deg temperature range.
They are characterized for use as
high speed voltage and current
comparators, as sense amplifiers
and in pulse modulation and sam-
pling systems. Models are available
with peak point currents of 1 ma,
2.2 ma, and 1.7 ma. A l-ma pair
will sense a 10-pa current change in
about 10 nsec,
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Tiny Connector

AMP INC., IHarrisburg, Pa.. is mar-
keting a subminiature connector
for coaxial cable and shielded wire.
The A-MP Coaxicon will handle
RG/U cable sizes as small as 0.075
in.
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Slotted Lines
FOR 26 TO 110 GC

TRG, INC., 400 Border St., East Bos-
ton, Mass., announces slotted lines

PE@I@H O N
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for use at 26 to 110 Ge. The probe



has a variable depth adjustment
and a built-in slide screw tuner for
optimizing the r-f coupling to the
waveguide. Precision linear bear-
ings and a smooth friction wheel
drive assure accurate control, and
long life of the probe travel, and
the travel measurement is indicated
on a dial with 0.01 mm divisions.
CIRCLE 314 ON READER SERVICE CARD
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Magnetic Reed Switch
NO-BOUNCE

HAMLIN, INC., Lake Mills, Wisc.,
announces  the HRC-1  mercury
wetted magnetic reed switch. [t
combines the advantages of no-
bounce and unchanging contact re-
sistance of a mereury wetted switch
with the size. speed and cost of a
standard 50-w dry reed switch. In
relays, where coil dimensions have
been designed for a standard dry
reed switch, the HRC-1 fits right
in place—the same as the dry reed
switch—without coil changes or ex-
pensive circuit modifications.
CIRCLE 315 ON READER SERVICE CARD

Calibration Supply
HIGH-IMPEDANCE

TENSOR ELECTRIC DEVELOPMENT CO.,
INC., 1873 Eastern Parkway, Drook-
lyn 33, N. Y. This supply, which can
be used as a source of precise
a-c or d-c voltage, has an output
impedance of 3,000 ohm max; 0.1
ohm at 100 v. Qutput is continu-
ously variable from 0 to 100 v (a-c
or d-¢) in four ranges. Input is
115 v (+10 percent) 60 cps., 65 w
and frequency is a built-in 60 cps
and d-c. Accuracy is 0.15 percent
of reading plus 0.01 percent of full
scale d-c and 0.2 percent of reading
plus 0.01 percent of full scale a-c.
CIRCLE 316 ON READER SERVICE CARD
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SIZET ]
WINDING-COMPENSATED
SYNCHRO RESOLVER

Precision, lightweight, high-accuracy components with applica-
tions in analog computars and automatic control systems. The
compensator winding provides feedback voltage for a resolver
isolation amplifier; the feedback foop automatically adjusts to
compensate for temperature and frequency variations. Function
error of the R980-018 is only 0.1%. A compatible transistorized
amplifier, Kearfott number S3100-01A, is available.

Part Number 5R980-41 CR9 0980 001
R980-018
Excitatior. {volts) (max.) 60 26
CHARACTERISTICS Frequency (cps) 400 400
Total Nult Voltage {mv) 25 10
Max. Errcr from E.Z. (minutes) 5

5
Operating Temp. Range (°C) ~55t0 4125 -55to0 +125

For complete data write Kearfott Division, General Precision, Inc.,
Little Falls, New Jersey.

KEARFOTT

CHANNEL
TRANSISTURIZEI]
BUFFER AMPLIFIERS

These high-performance units are designed to drive Kearfott's
Size 11 R980 winding-compensated synchro resolvers. The
amplifier-resolver combination has stable gain characteristics
and negligible phase shift thrcugh an ambient temperatire
range of —50°C to +85°C. Extremely high resistance to shack
and vibration. Meet environmental requirement of MIL-E-5272.
Part Number §3100-01
Number of inputs 4 per channel

Input Impedance (ohms resistive at 25°C) 100,000
CHARACTERISTICS Voltage Gain 1+0.0005

Phase Shift (rotor output to input at 25 C) less than 15 min.

Max. Signal Output Voltage 16 voits

Gain Stability Over Operating Temp. Range 1+0.05%

For complete data write Kearfott Division, General Precision, Inc.,

> @ENE[@AL
PRECISIORN
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FREQUENCIES
FILTERED HERE

...CEC's TYPE 1-159 not exceed 7%, and one decade
VARIABLE FREQUENCY away is at least 65db. Further-

more, dial calibration is su-
BANDPASS FILTER. .. premely accurate—within 1% of
(shown above) is brand new. It frequency reading! The 1-159
islightweight,portable, is fully compatible with
operates on all-transis- all CEC Vibration
tor circuitry and has a Transducers and the
frequency range of 8 to 1-117 Vibration Meter
2500 cps. Bandwidth (shownatleft).Forcom-
between 3db points plete data, call your
does not exceed 4%, be- CEC office--or write for
tween 6db points does Bulletin CEC 1159-X2.

CEC

Transducer Division

CONSOLIDATED ELECTRODYNAMICS

PASADENA, CALIFORNIA ¢ ASUBSIDIARY OF BELL & HOWELL
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PRODUCT BRIEFS

COLOR TV CAMERA minimum of op-
erational control. Marconi’s Wire-
less Telegraph Co. Ltd.,, Chelms-
ford, Essex, England. (317)

MICROWAVE PHASE & TIME DETECTOR
infinitesimal resolution. Ad-Yu
Electronics Lab., Inc., 299 Ter-
hune Ave., Passaic, N. J. (318)

OSCILLOSCOPE split beam, general
purpose. Cossor Instruments Ltd..
Cossor House, Highbury Grove,
London, N.5, England. (319)

SECONDARY PRESSURE  STANDARD
fused-quartz. Texas Instruments
Inc., 3609 Buffalo Speedway, Hous-
ton, Texas. (320)

POWER SUPPLY constant voltage/
current. Lasers and Masers Corp.
of America, Hudson St., Mineola,
N. Y. (321)

ZENER VOLTAGE REGULATORS temper-
ature compensated. International
Rectifier Corp., 233 Kansas St., El
Segundo, Calif. (322)

SILICON RECTIFIERS in ratings to
40,000 v piv and 2.5 amp. Columbus
Electronics Corp., 1000 Saw Mill
River Road, Yonkers, N. Y. (323)

MINIATURE ACCELEROMETER high
natural frequency. Giannini Con-
trols Corp., 1600 S. Mountain Ave.,
Duarte, Calif. (324)

50 MA POWER SUPPLIES four models.
Trans Electronics Div.,, Burton
Mfg. Co., 8910 Winnetka Ave.,
Northridge, Calif. (325)

TINY SOLENOID weighs 10 grams.
Rocker Solenoid Co., 140 N. Marine
Ave., Wilmington, Calif. (326)

UPSIDE DOWN ELECTROLYTICS capaci-
ties from 35 pf at 450 v to 80,000 nf
at 5 v. West-Cap Electrolytic divi-
sion, 10124 Edes Ave., Oakland 3,
Calif. (327)

STORAGE REGISTER 10 line input.
ARA, Inec., 4130 Howard Ave,,
Kensington, Md. (328)

P-C CARD RACK for high density as-
sembly. Garde Mfg. Co., Cumber-
land, R. I. (329)

PULSE GENERATOR variable rise and
fall time. Rutherford Electronics

electronics



Co.. P. 0. Box 472, Culver City,
Calif. (330)

COAXIAL ISOLATOR 4.0 to 11.0 Ge.
E&M Laboratories, 15145 Califa
St.. Van Nuys, Calif. (331)

VERTICAL MOUNTS for microwave
antennas. Mark Products, Skokie,
. (332)

TRANSIENT STORAGE OSCILLOSCOPE
high speed. Calvert Electronics,
Inc., 220 E. 23rd St., New York 10,
N. Y. (333)

SUBMINIATURE JACK fully molded
housing. Carter Parts Co., 3401
Madison St., Skokie, I11. (334)

METALIZED MYLAR CAPACITORS mi-
crominiature. J. M. Frankel & Co.,
245, Av. Georges-Clemenceau, Nan-
terre (Seine), France. (335)

SCREW  TERMINATION CONNECTOR
flag design means space savings.
Berg Mfg. Corp., New Cumberland,
Pa. (336)

TRANSIENT VOLTAGE ARRESTORS and
signal input connectors. Electro-
Neutronics, Inc., 1401 Middle Har-
bor Rd., Oukland 20, Calif. (337)

ULTRASONIC GENERATORS output 250
w-2,500 w at 20 Ke. Acoustica As-
sociates, Inc., 10400 Aviation Blvd..
Los Angeles 45, Calif. (338)

CONSTANT TEMPERATURE ANEMOM-
ETER mfr’d by DISA Elektronik of
Herlev., Denmark. Zitzewitz Engi-
neering Associates, 700 N. Michi-
ran Ave,, Chicago 11, I1l. (339)

FLOW-TO-DIGITAL TRANSDUCER tur-
bine type. Diginamics Corp., 2525
E. Franklin Ave., Minneapolis 6.
Minn. (310)

TRANSDUCERS for altitude chamber
control. H. E. Sostman & Co., P.O.
Jox 60, Cranford, N. J. (341)

HIGII-GAIN ANTENNAS improve uhf
reception.  Technical  Appliance
Corp.. Sherburne, N. Y. (342)

MASS SPECTROMETER for research
and industrial uses. The Bendix
Corp.. 3130 Wasson Road, Cincin-
nati 8, 0. (343)

SHAFT POSITION ENCODER for rugged
use. Datex Corp., 1307 S. Myzrtle
Ave., Monrovia, Calif. (344)
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Northrop Space Laboratories needs impatient men

' At its inception, a new enterprise needs impatient men to mold it, Restless men whose
minds won't fit the confines of older, more complacent organizations.

Northrop Space Laboratories is just such an enterprise . .. newly formed, free from
preconceived ideas, with a broad range of programs planned in pure as well as
applied science, and the enthusiastic support of the Northrop Corporation to carry
them out. Men who join this group today will move upward with it, and give it direction
through the years of growth ahead. Key openings are available for:

Solid state physicists, to conduct fundamental research on many-body problems as
applied to an ultra high pressure program. The goals of this program are to study the

| electrical and physical behavior of materials under ultra high pressure, to investigate

the origin, history and structure of the moon and planets, and to find ways to utilize
their natural resources.

| Scientists, to perform research in nuclear and radiochemistry, and to conceive and

carry out investigations in the fields of activation analysis, dosimetry, gamma ray
spectrometry, surface phenomena, and numerous other areas.

Structural engineers, to do stress analysis and optimize the design of advanced
space structures.

A plasma physicist, to join our growing program in the measurement of plasma
properties, spectroscopy, diagnostics, accelerators, and power conversion devices.

A mathematician-physicist, to concentrate on systems analysis and operations
research applied to military and non-military space systems.

Physicists experienced in electro-optical imaging devices and laser theory; engineer-
ing mathematicians interested in detection theory, reconnaissance and tracking;

| electronic engineers who know their way around statistical communications theory

and noise phenomena; for new and original work in satellite detection systems.

For more information about these and other opportunities, write to W. E. Propst,

Space Personnel Office, 111l East Broadway, Haw- NORTH Rop

thorne, California.You will receive a prompt reply.
AN EQUAL OPPORTUNITY EMPLOYER
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workhorse of
reliability
testing

®
HOURS

AND TENTHS

This A. W. Haydon ET! is ideal for
applications where space is a prob-
lem. Less than 3” long, 114" dia, it's
production-test-proved to record up
to 9,999.9 hours at better than
99.9% accuracy—much more relia-
bility than what it's testing. The
23200 series for 60-cycle, or the
25200 series for 400-cycle run on 3
watts of 115 v., exceed requirements
of MIL-M-7793.These ETI's are tested
for service from —65° to +-250°F...
altitude to 80,000°...20g vibration up
to 2,000 cycles. To get full details,
write The A.W.Haydon Company today.

AWH:

GOMPANY

235 NORTH ELM STREET, WATERBURY 20,CONNECTICUT
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Literature
of the Week

SILICON LOGIC MODULES  Packard
Bell Computer Corp., 1905 Arma-
cost Ave., Los Angeles 25, Calif.
Brochure describes a line of sili-
con logic modules, (345)

PARTICULATE - SPECTRUM INSTRU-
MENTS Royco Instruments, Inc,
440 Olive St., Palo Alto, Calif.
Folder describes 4 basic instru-
ments for recording and analysis of
the particulate spectrum. (346)

MINIATURE WHITE ROOM Ultra-
sonic Industries Inc., Ames Court,
Engineers Hill, Plainview, N. Y.
Bulletin contains specifications, fea-
tures and uses for the White-Room-
ette. (347)

SILICON RUBBER Dow Corning
Corp., Midland, Mich. Brochure
09-011 on silicone rubber is edited
to assist the engineer to meet spe-
cific design problems. (348)

ANTENNA TEST SITE  Technical Ap-
pliance Corp., Sherburne, N. Y.
Four-page Form 2090Y describes
the company’s antenna evaluation
facilities and capabilities. (349)

PANEL METERS Assembly Products,
Inc., Chesterland, O. Bulletin 30
contains information on ultrasensi-
tive panel meters. (350)

CROSSBAR SCANNERS James Cun-
ningham, Son & Co., Inc,, P.O. Box
516, Rochester, N. Y. Engineering
bulletin covers SQ transistor
driven crossbar scanners. (351)

HIGH SPEED PRINTERS Anelex
Corp., 150 Causeway St., Boston 14,
Mass. A 12-page booklet contains
an overall cross-section of the com-
pany’s high speed printers and
printer systems. (352)

IMPULSE COUNTERS  Landis & Gyr,
Inc., 45 W. 45th St., New York 36,
N. Y. A 4-page bulletin covers a
line of Sodeco electromagnetic im-
pulse counting devices. (353)

WAVEGUIDE SWITCHES  Waveguide,
Inc., 851 W. 18th St., Costa Mesa,
Calif. Bulletin describes a line of
3- and 4-sided solenoid-driven, spdt
waveguide switches. (354)

MULTIPLE CAPACITOR  Gulton In-
dustries, Inc., 212 Durham Ave,
Metuchen, N. J. Technical bulletin

tiniest timer
for
reliability
studies

This A. W. Haydon ETl is essential for
applications where space is critical.
We don't know of any other ETI that
can touch it for size—only Y4 cubic
inch. It records hours to 999.9 or
9999, with over 99.9% accuracy ...
runs on a half watt, 115 v, 400-cycle
input...weighs 0.75 oz....exceeds

' requirements of MIL-M-26550. Tem-

perature range, —65° to +250°F...

' altitude 80,000"...20g vibration up to

l

2,000 cycles. The microminiature ETI
is designed for reliability test engi-
neering. For full details on this, and
its companion events counter, write
The A. W. Haydon Company today.

AWH:2

COMPANY

235 NORTH ELM STREET, WATERBURY 20,CONNECTICUT
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describes and illustrates the Fara-
dyne Mylar multiple capacitor
series. (353)

SKEW REDUCTION  Mincom Divi-
sion, Minnesota Mining and Mfg.
Co., 2049 S. Barrington Ave., Los
Angeles 25, Calif., has published a
brochure entitled “Reduction of
Tape Skew in Magnetic Instru-
mentation Recorders.” (356)

VARIABLE SPEED DRIVE PACKAGE
Fidelity Instrument Corp., 1000 E.
Boundary Ave., York, ’a. Bulletin
describes a v-s drive package with
a-¢ induction motor. (357)

TANTALUM CAPACITORS Electra
Mfg. Co., 800 N. 21st St., Independ-
ence, Kansas. Catalog describes a
wide range of solid electrolvte
tantalum capacitors. (358)

TRANSISTOR TESTER RD Instru-
ments division, Hickok Electrical
Instrument Co., 10514 Dupont Ave.,
Cleveland 8, O. A technical bro-
chure describes the model 1880 dy-
namic beta transistor tester. (359)

SCOPE PREAMP  Marbach Electron-
ics, P. 0. Box 2731, Cleveland 11, O.,
Las issued a bulletin on a high gain,
low noise, solid state a-c amplifier
for scope preamp use. (360)

INSTRUMENTS Beckman Instru-
ments, Inc., Berkeley Div., 2200
Wright Ave., Richmond, Calif. Vol.
1 No. 1 of Criteria describes a solid-
state printer and a high resolution
digital voltmeter. (361)

INSTRUMENTS Acton Laboratories,
Inc., 533 Main St., Acton, Mass. A
4-page brochure illustrates and de-
scribes a wide variety of precision
electronic instruments. (362)

ALUMINUM ELECTROLYTICS Gen-
eral Electric Co., Schenectady 5,
N. Y. GEA 6819C, 4 pages, covers
computer-grade Alumalytic capaci-
tors which feature up to 165,000 nf
in a single case size. (363)

CURRENT MEASUREMENT Elcor,
Inc., 1225 W. Broad St., Falls
Churech, Va. A current indicator
and integrator—two electronic in-
struments in one—is described in
CAT 4-362. (361)

CURRENT REGULATOR  CircuitDyne
Corp., 480 Mermaid St., Laguna
Beach, Calif. An 8-page brochure
shows circuit diagrams for new
Currector current regulator appli-
cations. (365)

June 8, 1962

Wanted:

Men with unmortgaged minds

Write Roy L.Pool, Engineering Center Personnel
Office, 1001 E. Broadway, Hawthorne, California.

Northrop-Norair needs men who can see with fresh eyes; men who owe no allegiance

to accepted ideas. Headstrong men, impatient for tomorrow.

If the shoe fits, come to Norair—where new lines of investigation open all the time,
and no new idea is ever out of bounds. Positions are immediately available for:

Engineers in electronic checkout systems who have worked with advanced design
and program development.

Engineers whose background is in supersonic aerodynamics, stability and control,
inlet design, ducting, and performance analysis.

Engineers familiar with airframe structural analysis.

Scientists specializing in infrared, optics, and electronic research.
Engineers to work in data reduction.

Scientists who know structures research and dynamics.
Scientists who have done supersonic aerodynamic research.

Scientists experienced in working with information and sensing systems, platforms,
infrared, sensors, flight controls, airborne computing and data handling systems.

Engineers familiar with programming, operations, and instrumentation for ballistic
missile flight test.

Reliability Engineers to assess the reliability and to optimize the configurations and
mission profiles of space systems.

Chemical Engineers to work on the development and applications of structural
adhesives for aerospace vehicles.

Metallurgical Engineers for research and development on materials and joining.

If you'd like more information about these opportunities and others soon to be avail-

able at Norair, write and tell us about yourself.

NORTHROP

AN EQUAL-OPPORTUNITY EMPLOYER
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PEOPLE AND PLANTS

EIA Elects Officers for 1962-63

ELECTRONIC INDUSTRIES ASSOCIATION
brought to a close its annual con-
vention in Chicago late last month
with the election of a new president
and the installation of a new board
of directors.

Charles F. Horne, of General Dy-
namics, was named new president,
succeeding L. Berkley Davis, of
General Electric.

Horne, senior vice president of
General Dynamics, New York, is
president of G-D’s Pomona and
Electronics divisions. He is a re-
tired rear admiral, having served as
a communications and radar officer.
He joined G-D’s former Convair di-
vision in 1953 as manager of its
Pomona operating division. In 1957
he became a Convair vice president.

New directors of EIA are:

Joe Friedman, Trav-ler Radio
Corp., from Consumer Products di-
vision.

M. H. Benedek, General Instru-

‘Cha'rles F. Horne

ment Corp., and R. J. Grigsby,
Grigsby Co., from Parts division.

Robert C. Coon, Sperry Rand
Corp.; J. J. Graham, ITT; Robert
W. Galvin, Motorola; and W. E, An-
dries, Jr.,, IBM, from Industrial
Electronies division.

M. W. Kremer, Sylvania Electric
Products; and J. L. Hanigan, Cor-
ning Glass Works, from Tube and

GPI Forms Scientific Advisory Group

General Precision, Inc., has formed a scientic advisory group consisting of
outstanding scientists and engineers from universities, research institutes
and the company. Purpose of the group is to guide basic and applied re-
search of General Precision and its divisions in advanced fields of science
and engineering, and to encourage the development of new programs and
products to mect the needs of modern technology. Chairman of the group
is Coleman duP. Donaldson (shown at left), president of Aeronautical Re-
search Associates of Princeton, Ine., and vice chairman is Raymond L.
Garman (at right), vice president and chief scientist at GPI

76

Semiconductor division.

New division chairmen and vice
chairmen are:

Morris Sobin, The Siegler Corp.,
chairman for Consumer Products
division. He succeeds Edward R.
Taylor, Motorola.

Ashley A. Farrar, Raytheon Co.,
chairman for Military Products di-
vision. He succeeds L. L. Waite.
North American Aviation Co., who
was made a new EIA vice presi-
dent. Two new vice chairman are
W. Preston Coderman, Litton In-
dustries, and Richard B. Long,
Quantatron, Inc.

Grafton P. Tanquary, Litton In-
dustries, chairman for Industrial
Electronies division. He succeeds
Russell Cox, Andrew Corp. New
vice chairman is Ralph E. Van
Hoorn, ITT.

Allen K. Shenk, Erie Resistor
Corp., chairman for Parts division.
He succeeds W. Myron Owen, Aero-
vox Corp. Owen is a vice president
dent. Two new vice chairmen are
J. A. Milling, Howard W. Sams &
Co., Inc.. and G. B. Mallory, P. R.
Mallory & Co., Inc.

George W. Keown, Tung-Sol
Electric Co., continues as chairman
for Tube & Semiconductor division
for another year. He is an EIA
vice president as well.

Doles Moves Up
At Eberline

ALBERT E. DOLES has been elected a
vice president and member of the
board of directors of Eberline In-
strument Corp., Santa Fe, N. M.

He was formerly technical di-
rector.

Radar Range Lab
Nears Completion

UNDER construction for the past
month, Cornell Aeronautical Lab-
oratory’s radar cross-section range
laboratory is now near completion.
1t is situated at the rear of present
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TI 2N964 NAND CIRCUIT CIRCUIT PROBER STAGE

Typical Performance (7 Stages): NPN-2N797 22 nsec
PNP - 2N964 19 nsec
GERMANIUM rrma
S5v .
PNP EPITAXIALS ""
10 g Dt
20 pt

7-4'.-' ,
adh Y £

it &)
Tl 2N797 2HSAAK) A .

~Pmal 300 N 2N79

1 1000 n -

LA - -

-
Typical propagation times measured Sv All diodgs IN917
NPN MESAS under simulated full-load conditions. or equivalent.

Increase vour switching circuit M
design flexibility with TI's 2N964 '
and 2N797 complementary tran-
sistors. The 2N964 PNP germanium

epitaxial series satisfies all vour

Check These Specifications Against Your
Present and Future Circuit Requirements

ultra-high-speed switehing require- TO-18
ments in the 3 ma to 100 ma range.
Provides high power dissipation and PARAMETER | TRANSISTOR TEST CONDITIONS RATING
ru_gged mesa cqnstruction combi'ned VeE(saD) INT97 lg -~ 05ma, Ic— 10ma 0.14 v max
with the epitaxial features of high- 2N964 Ig 1ma, I1g=—10ma 0.18 v max
gain bandvudtht short storage time | hre | 2N797 Ve =5V, lc = 30 ma, f=100mec | 6.0min
and low saturation voltage. B Form 2N964 Veg - —10v, lg=—20ma, f=100mc 3.0 min
the ideal c'ircuit’complement to the G ©ON197 | Veg=5v. le=0,  f=Imc | 40pfmax |
2N964 series with TI's new NPN 2N964 Veg = =10v,  1g =0 t=1lmc 4.0 pt max

T . q L - . — -
2N797 germanium mesa transistor. 5 2N797 lgy = 1 ma, lgz = —0.25ma, I¢ = 10 ma 40 nsec max
The 2N797 also features ultra-high 2N964 'lgr = —1ma, 1gz=025ma, 1¢=—10ma |30 nsecmax |
switching speed, low saturation volt- torr 2N797 gy = 1lma, gy = —0.25ma, Ic = 10ma 80 nsec max
age and high-gain bandwidth. This R A lgy = —1ma, 1gz =025ma Ig=—l0mas |60 nsecmax |
transistor is well suited for comple- Vae 2N797 lg=05ma, Ic=10ma 0.30 v min
mentary use with all high-speed PNP 0.44 v max
epitaxials. W Call today for imme- 2N964 g = —lma, lg=—10ma ggg"r’:'a’;
diate delivery. The 2N964 series = — o = — | il
(including 2N960, 1,2,4,5,6) and the hre 2N797 Vee =025v,  Ic = 10ma 40 min
2N797 transistors are available in | %A | Vee=—03v fg=-10ma | CCRLIPN |
quantity from your nearest TI Sales BV¢eo 2N797 lc =100wa, g =0 20 v min

. e | :

Office or Authorized TI Distributor. 2N = el L R

— TEXAS INSTRUMENTS
PRODUCTS 0 I NCORPORATED
DIVISION 13500 N CENTRAL EXPRESSWAY

18931 P O BOX 5012 «» DALLAS 22 TEXAS



How to develop |

0.01% accuracy

in a l
|
1

size 23 resolver

|
First develop a size 23 resolver for

naval fire control computers. Next de-
velop one for the B-58’s navigational
system. Then combine the best features
of both, add a couple of new ideas,and
produce the Size 23, 0.01 % Resolver.
That's what Ford Instrument did. With
the result that this new resolver has a
maximum variation of transformation
ratio (with input voltage from 0.3 to
6 volts) that is only 0.02% of 6 volts.
Far as we know, this is the most accu-
rate resolver made today. Most dura-
ble and trouble-free. Priced right, too.
Conforms to Mil-E 5272A. Specify
this resolver for application in analog
computers, automatic control systems,
and data transmission systems for co-
ordinate conversion, precision phase
shifting, and similar operations. Bul- .
letin 23TR-61-1 gives full specifica-
tions. It's yours for the asking. Write: |

FORD INSTRUMENT 0.

DIVISION OF SPERRY RAND CORPORATION
31-10 Thomson Ave., Long island City 1, N.Y.
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laboratory buildings in Buffalo,
N. Y.

Estimated to cost $186,000, the
structure is the first stage of a
$500,000 expansion program an-
nounced last December by Ira G.
Ross, CAL president. Four radar
range test areas will be housed in
the 400 ft by 50 ft building which
will feature a center core area with
two floors of laboratory and office
space.

Endres Organizes
New Company

RICHARD 0. ENDRES, who recently re-
signed as president of Rese Engi-
neering, has formed a new com-
pany. The new organization,
Computer Instrumentation Corp.,
has purchased the magnetics test
equipment product line from Rese
Engineering, and will continue de-
sign, manufacturing and sales op-
erations of the line without inter-
ruption.

Initial operations of the new
company will be in space leased
from Rese Engineering in the Rese
building in Philadelphia.

General Instrument
Sets Up Division

GENERAL INSTRUMENT CORP., has an-
nounced formation of a separate
International division based in

i
|
|
|

ELECTRONICS
IN MAINE

Excellent female labor supply
Dependable . . . highly productive

-
QUEBEC

MONTREAL
OTTAWA ®

TORONTO
ROCHESTER

.
SYRACUSE
BUFFALO

o PITTSBURGH
PHILADELPHIA

NEW YORK (285 MILES)

4
TRENTON
’

Near major research centers,
markets and sources of supply

Modern Plants
Lease-purchase for as little
as 55¢ per sq. ft. per year

An independent research organi-
zation reports that lower overall
operating costs contribute to main-
taining firms in a competitive indus-
try position. Raytheon, Dielectric,
Sylvania and other firms have large
facilities in Maine. May we give you
more facts on electronics in Maine?

Write for electronic facts:
Lioyd K. Allen, Commissioner
Maine Dept. of Economic Development
State Capitol Room 211H Augusta, Maine
CIRCLE 210 ON READER SERVICE CARD
electronics



New York. It will be responsible l

for: 1) all the corporation’s exist-
ing operations in Europe, the Far
East and Latin America, previ-
ously handled on a divisional or
product line basis, and, 2) expan-
sion into new electronic markets
(including Africa) and new prod-
uct lines overseas.

Heading the new group will be
Kenneth C. Moritz (picture on p
78) as vice president, International
division. He was formerly vice
president-marketing of the Semi-
conductor division.

PEOPLE IN BRIEF

Abraham L Dranetz, formerly v-p
of Gulton Industries, Inc., has set
up an independent consulting serv-
ice in Scotch Plains, N. J. Gerald
M. Monroe leaves National Data
Processing to join Martin Co.’s
Space Systems div. as program di-
rector, lunar systems. Zoltan P.
Szepesi, of Westinghouse elec-
tronic tube div., appointed fellow
engineer. James B. Huffman., ex-
Hoffman Electronics, now mgr. of
quality control for Electronic
Communications, Inc. Ernest H.
Pallme, previously with Palomar
Scientific, named v-p engineering,
by Chicago Aerial Industries. Syl-
vania Electrie Products Inc. pro-
motes Gordon L. Fullerton to v-p
and g-m of the receiving tube op-
erations of the Electronic Tube
div., and Eugene E. Broker to g-m
of the Parts div. Three members of
Anaconda Wire and Cable Co.
management elected v-p’s by the
board of directors: Frank B.
Dickey, Robert E. Mcllvane, and
R. Bruce Van Wagner. Joseph W.
Auer advances to applications en-
gineer at Vitramon, Inc. Giannini
Controls Corp. hires Charles H.
Odom, ex-Television Utilities
Corp., as senior project engineer
of the Conrac div. Phillip H.
Mounts, from Litton Industries, to
Amphenol-Western Connector div.
as manufacturing mgr, Ralph 8.
White, Jr., leaves management
consulting to take post of presi-
dent and director of Pacific Elec-
tro Magnetics Co., Inc. Formerly
attached to Clevite Corp., Eugene
Hoffman is named mgr. of ma-
terials engineering of U. S. Sonics
Corp.

|
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PI Recorder captures Antarctic Whistlers

If you know how to listen, you can kear a thunderstorm halfway around the world.
The “Whistler” that you hear as a momentary descending tone in your headphones is a
fascinating phenomenon of electro-magnetic radiation that originates with a bolt of
lightning and propagates outward along the earth's magnetic lines of force through an
ever-changing system of ionized ducts. Traveling at only about one tenth the speed of
light, the Whistler sweeps out as far as 25,000 miles into space before returning to earth
laden with scientific information.

During the most recent Antarctic expedition* performed by Stanford University's
Radioscience Laboratory, Whistlers were captured by a P! tape recorder fed directly by
a simple audio amplifier and antenna system. Because Whistlers and related phenomena
range widely in frequency, from 10 cps to 20,000 cps, incoming signals were recorded
on both FM and direct record tracks, thus catching this entire range at the slow,
tape-saving speed of 72 ips. Analysis of the tape discloses a surprising wealth of
information on the regions visited by the Whistlers. For example, the recorded time lag
between the originating lightning bolt and the returning Whistler reveals the density
of the electrons in the rarefied gas along its distant path.

In the Antarctic, “survival of the fittast” applies to both man and machine. The Pl
recorder was given the tough assignment of recording 50 miles of tape, 24 hours a day,
3 times an hour on schedule, regardiess of adverse operating conditions, and was
expected to survive and function despite frequent moves by helicopter, ice-breaker, and
snow-cat. For this and other demanding applications, P! recorders offer a unique,
space-saving stacked reel design, rugged and reliable all-solid-state electronics, and
the performance you'd expect from a ladoratory machine several times the size. Would
you like to know more? Write for Bulletin 64.

* Supported by National Science Foundation

PRECISION
INSTRUIMENT

SAN CARLOS, CALIFORNIA / LY 1-4441%
P.1. Invites inquiries from senior engineers seeking a challenging future,



you can get fine,
seamless tubing in
Beryllium-Copper

Alloy No. 25

Sizes from 0.010” to 0.625” O.D.

Wall Thicknesses from 0.065” to
as thin as 0.0005” in smaller sizes.

Tolerances from +0.0005” to
+0.00005” when required.

Beryllium-Copper Alloy No. 25 has
excellent spring characteristics as
well as high strength, superior elec-
trical conductivity and good form-
ing properties.

Starting with precision-drawn tub-
ing instead of bar stock when mak-
ing Beryllium-Copper parts saves
fabrication time, tooling mainte-
nance and production costs.
Whether you make the parts in
your plant or entrust the job to
Uniform'’s craftsmen, it is wise and
economical to start with fine seam-
less tubing drawn to close toler-
ances by Uniform Tubes. Write for
Bulletin 61 for complete details.

UNIFORM TUBES, INC.

COLLEGEVILLE 2, PA.
Huxley 9-7293 TWX-CGVL 1044

IMPROVE RELIABILITY
A new series of low-level
ACROSTAT DC Preampli-
fiers, epoxy potted, self-
contained, operate from
115V = 109 AC, 2 watts.

Model 104 amplifies sig-
nals of 1 micro-mierowatt
with a power gain of 330,-
000 in a single stage from
thermocouples, strain

gages, Hall devices, and
other low-level DC sources.
Input, output and AC sup-
ply are isolated and float-
ing. Null stability is better
than 10 microvolts over
moderate environments,
and 50 microvolts over
severe environments.

15360 TELEGRAPH RD.

Price only $139.00 cach, 1-35 unils; quantity discounls; immediale
delivery. Request Technical Bulletin No. 10.

L\ P acromas’

I NC ORP ORATED

Phone: 538-4242, Area Code 313

LOW-LEVEL DC PREAMPLIFIERS

D>

2 mexromat

Teletype:

DETROIT 39, MICH. DE 970

Coto-Cails
for Contact Capsules

Nom.
Nom. |[Amp/
TYPE |DC-V |Ohms|Wotts|Turns

s | 100
S 12 | 360 .40 | 250
24 | 1400

M 7112 | 175] 70] 2%
24 | 820 .
T 6 | 100
12 | 400
£F | 24 |1600| 35| 125
32 | 2800
\ 18 | 4600
| 6 | 150
U 12 | 600| .24 125
) / 24 | 2500

Coil Windings

WIRE SIZES

#6 to #56
CLASSES

w A B, Fand H

Write for
Bulletin and Prices

Since 1917 Coto-Coil has wound all
types of coils for every application.
Complete design and engineering
service is available,

.
l COTO-COIL CO., INC.,
U U_ UI 865 Pavilion Avenue
Providence 5, R. I.
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You Get Things Done With
| Boadmaster Visual Control

¥v Gives Graphic Picture of Your Operations—
Spotlighted by Color

ﬁ’Fuc's at a glance — Saves Time, Saves
Money, Prevents Errors

¢ Simple to operate — Type or Write on
Cards, Snap in Grooves

% tdeal for Production,
Scheduling, Sales, Etc.

7~ Made of Metal. Compact and Attractive.
Over 750,000 in Use.

Full price 34950 with cards

FREE 24-PAGE BOOKLET NO. C-10
Without Obligation
Write for Your Copy Today
GRAPHIC SYSTEMS

YANCEYVILLE, NORTH CAROLINA
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OPP?RTUNITIES

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ATTENTION: COMPANY SEE PAGE  KEY #
AMERICAN ENKA CORPDRATION 82 1
ENGINEERS, SCIENTISTS, PHYSICISTS Enka, N, Car
5 ATOMIC PERSONNEL INC. 82 2
This Qualification Form is designed to help you advance in the elec- Philadelphia, Penna.
tronics industry. It is unique and compact. Designed with the assistance BOEI;‘eGa'fi(:‘, J:‘fmnq'o" 22 3
of professional per I g t, it isolates specific experience BRISTOL COMPANY 82 4
. . o A h q Waterbury, Conn
in electronics and deals only in essential background information. COLLINS RADIO COMPANY o1 5
Dallas, Texas
The advertisers listed here are seeking professional experience. Fill in DOUGLAS AIRCRAFT €O. 85+ 6

Missile and Space Systems Div.

the Qualification Form below. Santa Monica, Calif

E. |. DuPONT DE NEMOURS & €O., INC. 116* 7
Wilmington, Delaware
STRICTLY CONFIDENTIAL EITEL-McCULLOUGH INC. 83° 8
San Carlos, California
Your Qualification form will be handled as “Strictly Confidential” by GENERAL ELECTRIC €O 83 9
. 3 0 Defense Systems Dept
ELECTRONICS. Our processing system is such that your form will be Syracuse, N. Y
forwarded within 24 hours to the proper executives in the companies 'NTE':":AT;%:?I-NBUVHNESS MACHINES CORP. 15 10
W . . T,
you select. You will be contacted ot your home by the interested INTERNATIONAL BUSINESS MACHINES CORP. 82 1n

Space Guidance Center
Owego, New York

LOCKHEED CALIFORNIA CO 51 12
Div., of Lockheed Aircraft Corp.,
Burbank, California

MARTIN COMPANY 116 13
Orlando Division
Orlando, Florida

MILPAR, INC 82 14
Sub. of Westinghouse Air Brake Co.
Falls Church, Virginia

companies.

WHAT TO DO

. Review the pasitions in the advertisements.
. Select those for which you qualify.
. Notice the key numbers.

VLW N -

. Circle the corresponding key number below the Qualification Form. MICROWAVE SERVICES INTERNATIONAL, INC 18 15
. Fill out the form completely. Please print clearly. Mo‘:;g::'.e'm"ce‘w Jersey - e
. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, Chicago, I

CONTINUED ON PAGE 84
EEEEEENEENEEENENEMN

Box 12, New York 36, N. Y. (No charge, of course).
C R N N N R N N NN N B NN RENEEEEREE

tcut here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE ELLL)
(please print or type)
Personal Background Education

NAME ... PROFESSIONAL DEGREE(S) .................0000vennennnnnnn

HOME ADDRESS . .....................000uvuuiinn . MAJOR(S) ... e

Ay .. ZONE. ... .. STATE............. UNIVERSITY . ..ttt

HOME TELEPHONE ................. ... .................. DATE(S) .. .o e e

FIELDS OF EXPERIENCE (Please Check) — CATEGORY OF SPECIALIZATION
Please indicate number af months
D Aerospace D Fire Control D Radar GG L CIGI L LS )
Exsorionte  Exporionts

D Antennas D Human Factors D Radio—TV ('zonﬂu) (':onm)
RESEARCH (pure, .

[ asw (D tntrared [] simuiators fundamental, basic) ...... ......
RESEARCH

D Circults D Instrumentation D Solid State (Applied) .00 L oo
SYSTEMS

D Communications D Medicine D Telemetry (New Concepts) = ..... 5 000004
DEVELOPMENT

D Components D Microwave D Transformers (Model) . ..o. el
DESIGN

D Computers D Navigation D Other .............. (Prodvet) ..., ...,
MANUFACTURING

D ECM D Operations Research D ................... (Product) ..., ...,

|
D Electron Tubes D Optics D ................... rs::.\lr)ice) ,,,,,,,,,,,,
. . . . SALES
D Engineering Writing D Packoging D ................... (Proposals & Products) ......  ......

CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
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Space Guidance
Systems

o Solid State Physicists
(Radiation Effects Studies)

Reliability Statisticians
Logic Designers
Circuit Designers

Programmers

Quality Engineers

Control Systems Engineers

Mechanical Engineers (Heat
Transfer/Stress Analyst)

® Contract Negotiators

IBM SPACE
GUIDANCE
CENTER

At its Space Guidance Center in
Owega, New York, IBM is respan-
sible for vehicle guidance and can-
tral systems far manned aircraft,
satellites, space craft, submarines,
and ather vehicles. Accamplish-
ments include: successful test flights
of the rugged |IBM camputer used
in the all-inertial AChiever guid-
ance system that directs the TITAN
intercantinental ballistic missile to
its target; an advanced memary
system farthe NASA Orbiting
Astranamical Observatary; guid-
ance computers for flight testing
with the SATURN space vehicles.

The IBM Space Guidance Center
is situated in pleasant surraund-
ings with ample housing, good
schaals, and fine recreatianal fa-
cilities. The campany-paid benefit
pragram features braad educa-
tianal  appartunities. Relacatian
expenses are paid. IBM is an Equal
Oppartunity Emplayer.

Far full details an career appar-
tunities, please write, autlining
yaur interests and backgraund, ta:

Fred Guth, Dept. 55452
Space Guidance Center
IBM Corporation
Owego, New York

INTERNATIONAL BUSINESS
MACHINES CORPORATION
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EMPLOYMENT
OPPORTUNITIES

The Advertisements in this section include all em-
ployment opportuniiies—executive, management,
technical, selling, office, skilled, manual, etc. Look
in the forward section of the magazine for addi-
tional Employment Opportunities advertising.
Positions Vacant Civil Service Opportunities
Positions wanted Selling Opportunities Wanted
Part Time Work Sclling Opportunities Offered

Employment Agencies

Employment Services

Labor Bureaus

— RATES —

OISPLAYED: The adsertising rate is $40.17 pet
inch for all adsertising appearing on other than
aocontradt basis, Cont:act tates quoted on request

An advertising inch is measired L7 vertically on
& cohunn—3 colnmns-—30 inches to a page

Subpet to Ageney Commission

UNOISPLAYEO: §2.70 per line. minimum 3 fines.
To ﬂu_ure advance payment count 5 average words
as a line.

Box numbers—count as 1 line

Discount of 10% it full payment is made in ad
vance for 4 consecutive insertions.

Not stihjeet to Agency Commission.

FIELD
SERVICE
ENGINEER

Europe

International Division of major U. S.
Corporation has immediate opening

for a Field Engineer to coordinate
maintenance of airborne electronic
equipment at Customers’ Depots in

Europe. Degree not required. Prefer
Doppler or microwave experience.
Permanent position NOT associated
with U. 5. Government contracts. Range
$7,400 to $8,100 plus overseas allow-
ance. Please write complete back-
ground details. An equal opportunity
employer.
1-9063, Flectronics
Class. Adv. Div., PO, Box 12, N Y.
36, N Y

sl eddlsseLsDLslL888888808080800888880

g,

ELECTRONICS ENGINEER

The Research Oivision of a major producer of
synthetic fibers and dielectric materials has an
attractive opening for a B.S. or M.S. in electrical
engineering or physics with 2.6 years experience to
work in electronic instrument design and develop.
ment related to nh%sical measurements in the field
of polymer and fber physics, Experience with
strain gauges, thermocouples, and other trans.
ducers desirable, Must have knowledge of tran-
sistors as well as conventional vacuum tube cir-
cuitry.

Pleasant working and living location near Ashe-
viille, N. C. Excellent henefit program; 5 day work
week: moving expenses. Send complete resume, in-
clading salary requirements to Employment Man-
ager, Enka. N. C,

AMERICAN ENKA CORPORATION

POSITION VACANT

Communications Engineer — To supervise
technical assistance to schools participating
in the Midwest Program on Airborne Tele-
vision Instruction. Desire graduate Elec-
tronic or Electrical Engineer with experience
in UHF TV reception or UHF air-ground
communications. Send resume and salary
requirements to DeW, Schatzel, Director of
Engineering, MPATI, Memorial Center. Purdue
University, Lafayette, Indiana.

Ao AAsAAsAaaansaAaaAsllall

Caaasasanaasasanadddd
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PHYSICISTS

Melpnr's more than 17 years of
outstanding achievements, excep-
tional opportunities continue to be
created at

MELPAR

Excellent assignments in our ex-
panding RESEARCH DIVISION
tor—

MICROWAVE PHYSICIST

Engage in research in millimeter
wave propagiation through solids,
higher order mode transmission
amd  problems involving general
clectromagnetie  theory

I'h.D or MS and 2
required

years experience

ADVANCED CIRCUIT PHYSICIST

Advanced cirenit physicist for
ereative rescarch in function syn
thesis and quantum mechanies, in
cluding material in »solid, liguid
ind gaseons state
1'hD. reguired

Write in confidence to—

J. HAVERFIELD

Employment Manager

MELPAR, INC.

A Swhsidiary of Westingheuse Air Brake Co
3322 Arlington Blvd.
Falls Church, Va.

An equal opportunity employer

y

35

Leading manufacturer
and control systems requires men, preferably 25 to

accepted products to wide variety of
markets

Openings in various areas of the country.
cessful applicants take comprehensive three-months
course at headquarters.
All replies confidential; every inquiry answered.

Write: Charles F. Johnson, Mgr. of Sales Training

Engineering or Science Graduates
to be trained as

INSTRUMENT SALES ENGINEERS
with
The Bristol Company

of automation equipment

years old, to sell high quality, nationally

industrial
Suc-

Salary and expenses

The Bristol Company
Waterbury 20, Conn,

*

, Suite 1207L, 1518 Walnut St., Phila. 2, Pa.

For professional, individualized
fee-paid service write for onfi-
dential application.

A national employment agency
for the Nuclear & Scientific Fields.

ATOMIC PERSONNEL, INC.

MANUFACTURERS’
REPRESENTATIVES

IN THE ELECTRONIC INDUSTRY

SAMUEL K. MACDONALD, INC.

manufacturers representatives over 25 years

1531 SPRUCE STREET, PHILA. 2, PA.

Territory:
Pennsylvanio @ New Jersey
Delaware » Marylond

Vi

Other Offices:
Pittsburgh
Baltimore

inic @« West Virginio Washingteon, D.C.

rict of Columbia

electronics



TO ENGINEERS AND SCIENTISTS
LOOKING FOR GREATEST PERSONAL

%,
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INVOLVEMENT IN MAJOR SYSTEMS FOR SPACE:

COMMON SENSE SAYS, “LOOK TO THE HEAVENS”...OR DOES IT?

All of the glamour that surrounds hardware in
orbit often obscures one very meaningful fact. As
much as 80% of a complete space system is, and
remains, on the ground.

Here's another fact. Within General Electric, tech-
nical competence for the ground-based portion of
space programs concentrates here in Syracuse,
New York.

For instance, the highly reliable radio-inertial
guidance system our engineers developed for
ATLAS (now operational with the USAF) is the
same system that has been used for booster guid-
ance on 75% of America’s space shots.

Another system, utilizing an entirely different
set of engineering concepts, is MISTRAM*. Its
current function is to introduce a revolutionary
magnitude of precision into ICBM trajectory meas-
urement. Important future ramifications lie in ex-
tending the system to global ranges, satellite track-
ing, space guidance and hypersonic traffic control.

Still other programs such as GEESE (General
Electric Electronic System Evaluator), the vast-
scale Air Weapons Control System 412-L. Theoret-
ical and Applied Space Physics, Radiation Effects
Research, and many more, provide rugged exercises
in technical ingenuity.

*MISTRAM's basic system concept involves a
geometric arrangement of 5 ground radio receiving
stations. Missile position, trajectory and velocities are

AN ADDED THOUGHT

This much diversity in one organization generates
a uniquely flexible type of career environment,
You can plot and re-plot your best avenue of ad-
vancement, without having to leave the company
in order to do so.

IMMEDIATE OPPORTUNITIES
IN THESE AREAS:

Communication Systems / Operations Analysis /
System Equipment Analysis / Weapons Integra-
tion / Applied Mathematics / Telecommunications
Systems Design / Programming Analysis / Engi-
neering Writing / Antenna & Microwave Compo-
nents / Equipment Evaluation / Information
Processing & Display Systems / Human Factors

For a prompt reply, mail us a copy of your resume
(or an informal outline of your education and ex-
perience) in full confidence. Address to Mr, P. W.
Christos, Div. 69-WW.

An Equal Opportunity Employer

m DEFENSE SYSTEMS DEPARTMENT

A Gepariment of the Defense Electronics Division

continuously calculated with great accuracy from phase
differences in a beacon signal received from the missile. G E N E R A L E l E c T R I c
Radar is used only to orient the radio receiving
antennas in the general direction of the missile. ]
Northern Lights Office Bldg., Syracuse, New York,

June 8, 1962



What do they
mean by

“an engineer’s
company?”

Some very successful companies are “sales oriented”’—others,
equally successful, receive their primary impetus from account-
ing, legal or business-management directions. Probably because
of the highly technical nature of its product, Motorola has always
been a company wherein engineering has been the moving force.
At any management conference at Motorola, you’ll find men
think like engineers, and talk like engineers, because so many
in the management echelon are engineers.

At Motorola the engineer achieves full professional status—
because he is working in an environment where the state of the
art has progressed to the point where only an ‘“‘engineering
oriented” management can direct the flow of achievement.

In this dynamic atmosphere, of course, the challenges are great
— but equally rewarding for truly qualified engineers. Would you

like to talk to us?

Radar transmitters and receivers

Radar circuit design

Electronic countermeasure systems

Military communications equipment design
Pulse circuit design

IF strip design

Device using kylstrom, traveling wave tubge
and backward wave oscitlator

Display and storage devices

WAY RADIO COMMUNICATIONS
VHF & UHF recewer

Transmitter design and development
Power supply

Systems engineering

Antenna design

Selective signaling

e e 00 0> o e s 0 00 00

Excellent opportunities also available in Phoenix. Ariz.: Riverside & Culver City, Calif..

Transistor applications
Crystal engineering
Sales engineering

Design of VHF & UHF FM communications
in portable or subminiature development
Microwave field engineers

Transistor switching circuit design

Logic circuit design

T.V. circuit design engineenng

Home radio design

New product design

Auto radio design

Mechanical engineering

Semi-conductor device development
Semi-conductor application wotk

& Minneapolis, Minn,

MR. W. H. HAUSMANN

Engineering Personnel Mgr. Dept. D
4545 Augusta Blvd., Chicago 51, lll.

84

AN EQUAL
OPPORTUNITY
EMPLOYER

M OTOR OLAinc.

|

FOR POSITIONS AVAILABLE

(Continued from page 81)

NATIONAL AERONAUTICS AND SPACE

ADMINISTRATION 17°

Washington, D. C.

NATIONAL CASH REGISTER CO. 116, 118
Dayton, Ohio

NORTHROP CORP. 73
Norair Div.
Hawthorne, California

NORTHROP CORP. 75

Space Laboratories
Hawthorne, California

PAN AMERICAN WORLD AIRWAYS INC. 93°
Guided Missiles Range Division
Patrick AF8, Florida

PHILCO WESTERN DEVELOPMENT LABS. 85
Palo Alto, California

SCOPE PROFESSIONAL PLACEMENT

CENTER 18
Waltham, Massachusetts

| P 9005 18+

P 9063 82

* These advertisements appeared in the 6/1

issve.
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“Put Yourself in the
Other Fellow’s Place”

TO EMPLOYERS

TO EMPLOYEES

satisfying a current need.
less of whether it is favorable or
usually expected.

not, is

MR. EMPLOYER, won’t you remove the mystery
about the status of an employee’s application
by acknowledging all applicants and not just
the promising candidates.

MR. EMPLOYEE you, too, can help by acknowl-
edging applications and job offers. This would
encourage more companies to answer position
wanted ads in this section.

We make this
helpful cooperation
employees.

This section will be the more useful to all as
a result of this consideration.

suggestion in a spirit of
between employers and

Classified Advertising Division

McGRAW-HILL PUBLISHING CO., INC.

330 West 42nd St., New York 36, N. Y.

Letters, written offering Employment or apply-
ing for same are written with the hope of
An answer, regard-

electronics



D'SCOVERERS WERE ADVENTURERS F'RST The complexities of the nation's space ag2

communications and control problems are a daily challenge at Philco Western Development Laboratories,
where major contributions to frontier exploration have been made in some of the nation's most important
satellite programs. Here are some of the fields of adventure: Polystation doppler tracking systems, appli-
cation of millimeter and optical techniques and pseudo random noise, space vehicle stabilization and
control, space-borne signal processing circuitry, space-borne antennas, space vehicle structures, micro-
miniaturization, advanced ground antennas, man-machine relaticns. If you want to combine adventure
with career . .. and add to the technology that will be tomorrow’s discovery, Philco WDL is the place to do it

Write in confidence for information on how you can find your career at Philco WDL, with the additional re-
wards of ideal living on the San Francisco Peninsula, professional and monetary advancement commensurate
with your ability. Requirements include B.S. or advanced degree (electronics, physics, mathematics), U. S.
Citizenship or current transferable D.O.D. clearance. Address Mr. Patr.ck Manning, Dept. E-6.

PHILCQO wesTern DEVELOPMENT LABORATORIES

A SUBSIDIARY OF 3875 Fabian Way, Palo Alto, California
‘,\ .
(W_/‘@/Or%ﬂw an equal opportunity employer 1258 R

85



SEARCHLIGHT SECTION Bli5ayadtt]

Classitied Advertising

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE

DISPLAYED RATES——— UNDISPLAYED
The advertising is $27.25 per inch for all $2.70 a line, minimum 3 lines. To figure ad-
advertising other than on a contract basis. vance poyment count 5 average words as a line,
AN ADVERTISING INCH is measured 78" vert. BOX NUMBERS count os one line additi .

on a column, 3 cols.—30 inches—to a page. X .
EQUIPMENT WANTED or FOR SALE ADVERTISE- DISCOUNT of 10% if full payment is made in
MENTS acceptable only in Displayed Style. advance for four consecutive insertions. Over 62 years of de-

Send NEW ADVERTISEMENTS or Inquiries to Classified Adv. Div. of Electronics, P. O. Box 12, pendable ON.TIME

N.Y. 36, N. Y. Freight Forwarding
= ugA PEDESTAL
WW; 84-MP 618

Service.
We u./elca.me your PROMPT DAY PIKUP
mquiry. and DEUIVERY
Full azimuth ond elevotion sweeps 340 degrees
in azimuth. 210 degrees in elevotion. Accurate
to | mil. or better over system. Complete for
full tracking response. Angle acceleration rate
AZ, 9 degrees per second squared EL, 4 degrees
per second squared. Angle slew-ng rate: Al
20 degrees per sec. EL. 10 degrees per sec.

SCR 584 RADAR AUTO-TRACK
3 CM & 10 CM. Our 584s in like new condition,
ready to go, and .n stock for immediate delivery,
Used on Atlantic Missile Range, Pacific Missile
Range, NASA Wallaps Island, A B.M.A. Write
us. Fully Dese, MIT Rad, Lab. Series, Vol 1
pps. 207210, 223, 284-286.

300 TO 2400MC RF PKG.

300 to 2400MC CW, “Funeable, Transnitter 10 to
0 Watts. Ourput  As now §375

AN/TPS—1D RADAR

CIRCLE 465 ON READER SERVICE CARD
OUR BUSINESS

SO0 kw. 122001359 mes. 160 nautical mile
Can mount up 10 o 20 fr. dish. Angle tracking search range 111 and A, Scopes, MTI, thyra I S C U T T I N G
rate: 10 degrees per sec. Includes pedestal tron mod 126 nagnetron.  Complete System

drives, selsyns, patentiometers, drive motors,
control ampildynes. Excellent candition. Quan-
tity in stock for immediate shipment. Ideal for
missile & sotellite trocking, ontenno pattern
ranges, vodor system, radio oﬂronomy, any
project requiring accurate response in elevation
aond azimuth.

Complete description in McGrow -Hill Rodmhon
Loboratory Series, Valume 1, poge 284 and
page 209, and Volume 26, page 233.

T
AL

AN/TPS 10D HEIGHT FINDER

250 KW X-Barnd, 60 & 120 mile ranges to
G000 feet,  Complete

AN/APS—158 3 CM RADAR
Airborne radar, 40kw output using 723A mag
netron. Model 3 nulser. 30 in. parabola sta
bilized antenna. PI'Q scope. Complete system
$1200 each. New

10 KW 3 CM. X BAND RADAR
Complete RIP Yead including transmitter, re
celver, modnlatar. Uses 2742 magnetron. Fally
deserihed in MIT Rad. Fab Series Vol 1. pps
2 MEGAWATT PULSERS 616-625 and Vol. II, m»s 171-185 275 Com

Manufacturers of small electrical
or mechanical units, however intri-
cate, with high labor content will
find our cost-cutting services in-
teresting.

Our complete overseas facilities
in Japan, Hong Kong, etc,, provide
unlimited services by skllled work-

: Sroum &7

(A) 31 KV at 60 amps .002 Duty Cyelo Ideal ,mp“ Ttaddar_Sysa 05 ers, under trained SuPeerSlon for
for 5J26 at 500 KW $950. PHILCO MICROWAVE LINK the manufacture of complete units

(B) 30 KV at 70 amps .001 Duty Cyele. | 7KMC Systerr Type CLR-6, Also in stock or sub-assemblies to your most
$1250 w/pulse output trans. Repeaters, 12 and 23 Channel Multiplex rigid specifications. All transac-

Large Quantity. Fxee. Cond

MIT MODEL 9 PULSER tions held in strictest confidence.

1 MEGAWATT—HARD TUBE CARCINOTRON Submit sample or blueprint for
Output pulse power 3KV at 40 amp. Max :';!"‘ “!,I A“"“\ Freq. 5000 to 4000 mes  CW firm quotation. Get the facts about
d|mv ratio: .02 Usce GC21 pnlse tube. 1ulse m‘l‘:{’q“':[ 0 Wetts minimum. - New, with full our cost-cutting services -— save
duration .23 to 2 mivrose Input 115 volts 60 1
('\'(;lvs AC. Includes power supply in separate ; 0,305 ‘"VA-BOO Kle‘TRON , dollars and build prOﬁts
cahinet and driver.  VPullv puaranteed as new 7 to a3 (continuonsty turnahle). 10 KW
condition. Il Dese. MIT. Rad. ab.Series (W50 dh Gein output UG-435 A/ Flange OVER 25 YEARS EXPERIENCE IN ELECTRONICS

"ulse (lenerators T8 cach

INTERCONTINENTAL INDUSTRIES, INC.
555 W. Adams Street Chicago 6, Illinois

Established 1938
CIRCLE 466 ON READER SERVICE CARD

RADIO RESEARCH FOR RESEARCH — DEVELOPMENT
RIISTRUMEIT co & EXPERIMENTAL WORK
L 0v95 IOJJ:?O different gleetrgnie rgartts:twavte-
5§50 FIFTH AVE., NEW YORK Bulscrs, "antennas.. Dutse Xmifs; magnetrons.
{F and sulse amplifiers, dynamotors, 400 cycle
JUDSON 6-4691 ARicts AT K e dRCTIoN OF MIGINAL coST!
COMMUNICATIONS EQUIP CO.

343 CANAL ST., N Y, 13, WO 6-1045
CIRCLE 460 ON READER SERVICE CARD CHAS. ROSEN (Fomerly at 131 Liherty St.)

CIRCLE 467 ON READER SERVICE CARD

. : SMALL AD but BIG STOCK TUBE SPECIALS
s of choice test equipment 3CX100A5 (2C39B) . . . Tested and fully
. and surplus electronics guaranteed . ..............oooii.ioai. $9.95 ea.
v Higher Quality—Lower Costs 2C39WA...Brand new sealed cartons $14.50 ea.
’ Get our advice on your problem
ENGINEERING ASSOCIATES ELECTRO SALES CO.

500 KW PULSER

5C22 Hyd. Thyr. Modulator. 22KV at 28 Amps.
W/HV & Fil Supplies. 3 pulse length rep rates
2.25 usec 300 pps. .77 usec S50 pps. 4 usee
2500 pps. 115V 60 ey. Wil deliver nominal
225 KW X Band using 4350 magnetron,

L BAND RF PKG.

20KW peak 990 to 104MC. Pulse width .7 10 1.2
micro sec. Rep rate 180 to 420 pps. Input 11°
vae, Incl. Receiver $1200,

2.

434 Potterson Road  —  Dayton 19, Ohio 1608 Milwaukee Ave. Chicago 47, 1Il.
BR 8-8080
can deliver Amphenol CIRCLE 462 ON READER SERVICE CARD ™ (iRciz 468 ON READER SERVICE CARD
o D) i GLASS TUBING
iﬁ.} > Bendlx PYREX - NONEX - URANIUM WANTED
Cannon BULB & CYLINCERS Old Daven products of 20 or more years ago
WRITE FOR FREE MONTHLY LIST —Daven TV receivers, amplifiers, resistors, ad-
CONNECTORS HOUDE GLASS COMPANY vertisements, trade literature, etc. Write
FIT IINGS & CLAMPS PHONE COLFAX 4.4800 Richard Newman, Daven Division of General
P.O. Box 206 Keyport, N. J.

Mills, Inc.,, Livingston, N. J.

We stock more thon 5,000,000 MS/AN

CONNECTORS . . . of 50,000 variotions! CIRCLE 463 ON READER SERVICE CARD

tn PRODUCTION QUANTITIES . . . wo sell CIRCLE 472 ON READER SERVICE CARD
BELOW "O.E.M.” PRICE offer TUBE & COMPONENT

IFMRELEAE "OFF-::;SH:::"|O?::;|v::._,::w,, F R E E — c AT A LOG Yo'ur Inquiries to Advertisers

Will Have Special Value . . .

000 LR GO G BARRY ELECTRONICS —for you—the advertiser—and the publisher, if
WILGREEN INDUSTRIES, Inc. sou mention this publication. Advertisers value

102 Warren Strest, New York 7. N, Y. highly this evidence of the publication you read.

Al LLLPP88880000008000808800008000

PP PP 000000000008 808080P 0000888000080

512 BROADWAY WAlker 5-7000 z::)l::ﬂod advertisers enable the publishers to secure
= : advertisers and-—n dvertisers mean mor:
WOrth 4-2490-1-2 ~ Wire: FXK NEW YORK 12, N.Y. TWX- NY 1-3731 lnformnl‘i((;n]%(;)snlore p:g(rl%;s‘t)r Eerlﬁerles;r\'icum

more value—to YOU.

P 00P0L00800 00000808 000800088859848]
CIRCLE 461 ON READER SERVICE CARD CIRCLE 464 ON READER SERVICE CARD
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June

ELECTRONIC

WAR TERMINATION

WRITE OR WIRE FOR INFORMATION ON OUR
COMPLETE LINE OF SURPLUS ELECTRONIC
COMPONENTS. ALl PRICES NET F.O.B.

PASADENA, CALIFORNIA

SIMPLE DIFFERENTIAL
WITH BALL-BEARING
SUN GEARS

The 1:1 reverse ralie
spur gears are 48.taoth,
32 pitch  brass  with
316"  available face
On ane side, the shaft
s 23.64"  dia. far
11/16” and has @ pin hale, then increases in
dia. ta 377" far the remoining 3/16” of length
On the other side, the shoft is .377 dia. VAT
2-13/16” dia. is required to cleor the bady.
Stack no. A6.115 eoch $15.00

1/100 SECOND TIMER, INTERVAL,
115 VAC, 60 CYCLE _ . E

mfgd. by Standard Electric © g

Time Co. accuracy = 005 sec. M

w DC cluteh first hand speed

—I RPS—totalizes 60 scconds

short hand smallest gradua.

tions .01 sec. 115 VAC, 60 f

oshms. Dbrake solenoid 27.5 X

VDC dial—white backaround w black chaiacters

¢lock motor to ciose set of contacts at one secong
intervals contact rating | amp. 28 VDC. non-induc.

tive. Manual reset. outside dim. 3%, s0. 1n
RICE ....$25.00 EACH

400-CYCLE
MOTOR 29
GENERATOR, <~

. <
PU-20 W{,’

A
)

The generator assembly consists of a 1400.
waff,  120-volt, 400-cycle inductor-alternator
and a 400-watt, 27.volt D.C. generator. The
alternator rotor and the D.C. generator arma-
ture are mounted on a common shaft, which
is dual-belt-driven by a 3-H.P., 1750-R.P.M.,
115/230-volt, single-phase  60-cycle electric
motor. Weatherproof output box is mounted
on top of the stator shell. |t contains a
rheostat, adjustable resistor, two pin jacks for
plugging in an A.C. voltmeter. Size: 28" w.,
33" L., 18" H. Weight, approx. 250 Ibs.
Price $175.00

8-DAY ELAPSED-TIME SURPLUS
AIRCRAFT CLOCK

Here’s on accurote time contral
center thot Il help you win your
next rallye not only tells
wyou the date and time of doy
nght tc the second, it's o stop
watch thot gives you elapsed
time in seconds, minutes, ond

hours! The 24-hour clock simplifies add ng ond

subtrocting clapsed time for your novigotor. Monu
foctured by Elgin Wotch Co. fc exacting militory
specificotions, 1t will remoin occurate in spite of
rood bumps and vibrotions. Uses no electricol con
nections. Does the jab of high.cast equirment,

Jeweled/Sweep Second Hond/Luminous Hands ond

Numerols/25-Hour Diol/Block Foce ond Plostic

Cose/3%” Mounting

Cost the Government $185.00

Only $39.95 Postpoid

SPERRY
VERTICAL
GYRO

Port  £673073, Motos
115 volts, 3 phose, 400
cycle, B wotts, 20,000
RPM.  3-minute runup, synchro
360°, pilch B5°. Synchro excitotion
400 cycle, 150 m.o. Verticol accurocy =Y
Weight 3% Ibs. Approx. dim. 5,7 L., 4"
W.. 4" H Price $35.00

pickoffs, roll
26 volts,

8, 1962

INVENTORIES

C&H

SALES CO.

2176-E Eost Colarodo St.
Pasadena B. California

MUrray 1.7393

VARIABLE SPEED BALL DISC
INTEGRATORS sol 52Nl Shofrs

Beoring Supported)
Na. 145 Farward & Revarse 2Y,7.0.27/. input
shaft spline gear 12 teeth 9/32"” dia. %" lang
Output shaft 15/64” dia. x 15/32” lang. Cantrol
shaft 11/32” x %" long. Cast aluminum can-
structian.  Approx. size ’x

37 x 2y, $17.50

Na. 146 Farward & Reverse 4.0.4.

Input shaft 5/16” dia. x LA

lang: Output shaft 15/64" dia

x 9/16" lang. Cantral shaf

11/64” dia. x 11/16" lang. Cost

aluminum construction. Apprax.
size 447 x 4"y 47, $18.50 ea.

SMALL DC
MOTORS

{approx. size
aver 3Y,7
x 1%,7 dia.:
5067043 Delco
10,000 rpm.
5067126 Delco PM, 27 VDC, 125 RPM
Governor Cantrolled 15.00 eo
5069600 Delco PM 27.5 VDC 250 rpm 12.50
35069625 120 rpm, mir. Delco, 27 VDC gov
ernor controlled . $15.00
5069230 Delco PM 27.5 VDC 145 pm 15.00
5068750 Delco 27.5 VDC 160 rom w. brake 6.50
5068571 Delco PM 27.5 VDC 10,900 rpm
{1x1x27)
5069790 Defco PM, 27 VDC, 100 RPM,
Governor Controlled 15.00 oo
#5069800 575 rom, mfr. Delco, 27 VDC, PM
reveniible governor controlled, equipped with 27
VDC clutch .. 5 $17.50
5072735 Delco 27 VDC 200 fpm governor con
trolled 15.00
SBAI0AY18 GE 24 VDC 110 rpm 10.00
SBA10AJI7 GE 27 VDC 250 rpm reversible 10.00
SBAYT0AJS2 27 VDC 145 rpm reversible 12.50
SBA10AJS0. G.E.. 12 VDC, 140 rpm 15.00
S8A10FJ4018, G.E. 28 VDC, 215 rpm,
10 or. in., 7 amp. contoins brake
SBAT0F)421, G.E. 24 VDC, 4 rpm, reversible,
€& nr in.. 65 omp 15.0n

400 CYCLE PM GENERATOR

115/200 volts AC. 1
or 3 phase, 200 wotls
4,000 r.p.m. Approx
dimensions: 4%,” dio

3" long; %" shoft
AN connector. $75.00

12 vDC PM 1" x x 27,
$7.50

5.00

15.00

DIRECTIONAL INDICATOR, TYPE C5C

Migr. Summers Gyro
scope  Company. 115
volt A.C., 400 cycle, 3
phase. Contoins direct
reoding gyro with cog
ing mechanism and
power foilure indicotor.
Hermeticolly seoled
cose. 5" diel, 0 to

MINNEAPOLIS-HONEYWELL RATE GYRO

(Control Flight)
Port no. JG7005A. 11%
volts  A.C., 400 cycle
single phose potentiom
eter toke off resistonce
530 chms. Speed 21.000
i.p.m. Angulor momen-
tum 2%  million, CM%/
sec. Weight 2 1bs. Di-
mensions 4.7/32 x
3:29/32 x 3-3)1/64.

Price $22.50
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SELSYNS- _
SYNCHROS

1CT cont. Trans 90/55V 60 cy
DG Diff. Gen. 90/90V 60 cy...
1F Syn. Mtr. 115/90V 60 cy.....

THDG ... ...............

1SF Syn. Mt. 115/90V 400 cy...

23TR4 torque receiver -

23TRé tarque receiver

23CT6 control transfarmer

23CX6 contral tronsmitter. .

23TX6 torque transmitter

70G differential generator. ..

2)1F1 Gen. 115/57.5V 400 cy...

2)1F3 Gen. 115/57.5V 400 cy...

2NFAY Gen. 115/57.5V 400 cy

201G 57.5/57.5V 400 cy.. ..

2JIHY Diff. Gen. 57.5V 400 cy

2)5D) Cont. Trans. 105/55V 60 cy....

2J5F1 Cont. Trans. 105/55V 60 cy

2J5H1 Gen. 115/105v 60 cy....

2)15M) Gen. 115/57.5V 400 cy.

5CT Cant. Trons. 90/55V 60 cy. e

50 Diff. Mtr. 90/90V 60 cy..............

50G Diff. Gen. 90/90V 60 cy.. .. .. .

5F Syn. Mtr. 115/90 VAC 60 cy.....

5G Syn. Gen. 115/90VAC 40 cy.. ..

S5HCT Cont. Trans. 90/55V 40 cy.

550G Diff. Gen. 90/90V 400 cy..

6DG Diff. Gen. 90/90V 60 cy.

6G Syn. Gen. 115/90VAC 60 cy.

7G Syn. Gen. 115/90VAC 60 cy........

C56701 Type 11-4 Rep. 115V 60 cy...

C69405-2 Type 1-1 Tronsm. 115V 60 cy....

C69406 Syn. Tronsm. 115V 60 cy. ..

C69406-1 Type 11.2 Rep. 115V 60 cy. ..

C78248 Syn. Transm. 115V 60 cy.

C78410 Repeater 115V 60 cy.. ........

FPE 49.7 Diehl servo motar, 115 volts,
60 cycle, 10 watts .

20.00
20.00
12.50
20.00

30.00

400 CYCLE, 3 PHASE GENERATOR
Type AG, frome 364Y,
7.5 kw, 3428 rpm, pf
.95 Stor connected
120/208 3 phase, 22
amps. Delto connected
120 volt single phase
6 omps. Self excited.
Complete with ‘control
box, voltoge regulotor,
AC voltmeter ond fre-
quency meter. Shoft 17
dio., 2 long; overoll
dim. of unit: 2176x187x
20”.
Price $395.00 eoch

SENSITIVE INTEGRATING GYROS
This is the famous HIG Gyro
which is being used in missile
guidance systems, rodar stahi-
1zation and fine control sys-
tems  Goverament cost op-

Sy proximotely $1500.
. PRICE

$50.00

400 CYCLE PM GENERATOR
Mfad. by T K M Electric Corp.
Modal #A-12
120/208 volts, 400 cycle, 1 or 3 phase, 1 kva,
ot 0.8, rpm 8.000. Apprax. dim. 6% x 51,7,
Internol spline drive. Price $100.00

HONEYWELL VERTICAL GYRO
MODEL AG7044A17

115 wvolts, 400
cycles, single
phose, 35 wotts.
Pitch ond roll
potentiometer
pickotfs 890
ohms, 40 volts
max. AC or DC.
Speed 20,000
Pm, ong. mo-
mentum 12,500,000
gm-cm  2/sec. Erec-
tion system 27 VAC,
400 cycles, time 5 min. 10 1»°; caging mecha-
nism operotes on 24 VDC. $49.50

DIRECTIONAL GYRO

Mfg. Sperry Port 656519
115 VAC 400 N 3 phose

$35.00 eq.
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6189 /12AU7WA 1.50
6197 .. 7
6201 '12AT7WA 1,85

SPECIAL PURPOSE TUBES |
OA2.:i:i.uve. 1.50 [ 725A. ........ 10.00 | 5651WA.::r... 2.00 E
¥ V.50 | 726A. . ... . 5.00 | 5763.. 175
X 00| 7268 ... .. ... 00 | 5777.. 150.00
; h 50| 5778 150.00
I 200 | NL-760.. ... .. 00 | 5783 .. ... .. 2.25
. .00 | 802. . ..... 7.50 | 5784.......... 2.50
. . N 5787.... I;.so LU
. I 200 | 5796, .. .00
. I 50 | 5800/VX-41. .. 7.50
. RK-60/1641 . 30 | s803/vx.ss. . s.00 | NEW YORK, N. Y. Feb. 1962:—
......... . 00 HY-69. .00 00 | S814A. . 13
1824A ... .. 12,50 | 4E27A ... ‘27,50 | BL-75... .. i 50 | 5829.. ... .. X i i
YBISA . ... 3.00 4J72.. }8833 L ) 00 | S836.......... 50.00 3 Ur;vers;l Pl{(e];‘g gorg., 42 White
1B63A. . ...... 10,00 4J34.. -77 . I ¥ 50, . v . LY.
1C/3822 5.00 | 4J50. 100.00 l‘-I:‘;:OO.,. i 30 | 5840 2.50 t}: e;)]‘ (;' 'f thei ar:rzlounces
7. I H.. I 45 . .. 6. e publication o eir 5 age
100TL. .. X 75 | 5852 ... 5.00 | P . pag
FG-105.. ... 25.00 813 .. ... 12,50 | 5876.... ... . 8.50 ‘ Spring 1962 catalog. With publica-
F-123A . 5.00 814 350 5879 .. 15 | . .
FG-172 .. 2500 815 ... 500 5881/6L6WGB. 2gglt10n of the catalog, they inform
3 B I, 2. 5 5 . : 0
o 2500 826 ‘3‘§§ oa 15 | their customers that “normal in-
FG-235 50.00 ' 828 2,50 5894 18.85 | ; .
2ic. 1000 e '°‘°8 oy 1100 ventory includes over 1,500,000 re-
444 350 | 832, 2,50 | 5931 5UAWG . 2.0 7 75
245A 350 822A 250 | 3931 suawe . 295 | lays in approximately 30,000 types.
2498 10.00 | 833A 37.50 | 5948 1754....100.00 | In most cases stock is sufficient to
249€C 5.00 83%....... .. 2.50 | 5949/1907.....50.00 | . . . .
250R . 10,00 837 .. .. X 00 | give immediate delivery of produc-
250TH 25.00 | 838 . i . i
251A 5°‘°8 ::1 ..... . tion quantities.
254A s 5 )
FG-258A ... .100.00 849 I . .
259A °o 851 | This catalog is, therefore, not
;23:‘ g'_gg s : just a listing of items available ‘on
SA ‘§~§g o ; order’ but, by and large, it is an in-
283A 3.50 885.. . i i in- i i
2834 SR : 'dlcatlon of in s'tock items (either
Qak-288 250.00 891R . | as complete units or as ready to
HF-300 35.00 913 .
3008, 5.00 920 . | assembly components).
304TH 35.00 927 y
"""" 304TL.... ... 35.00 931A ) } . .
...... 307A. ... .50 1000T. i 082 The average shipment is made
A ... 50 R 0 S .
A otk e et 2}:,,‘3‘2?‘3;31 within 48 hours. Where coils and
6106. ... 1.50 a1 .
115 Gkast. 50,00 } frames require assembly, or relays
30/3C45. . 6.50 | requi i i Suate
et wa 1323 | require s‘peClal testing or ad‘Jus‘t
g:;g . g-gg ment, shipments are made within
6161 ... ... 3500 | one week to ten days.
6186 /6AGSWA . 1.50

Universal is
to assemble, adjust and thoroughly

completely equipped

6;07 /6X4AWA . . 1.50
¢y oo 373 | test any type of relay. Assembly
] 6233 ..100.00 1341 y imi
........... :33: 10 3557 Foir 5o 1 125.00 and test facilities have been imi-
........... i i 48 50.0 , ,
........ 394A . 3.00 | 5559 /FG57 10.00 | 6263..... ... 9.00 tated b& some re]a& manufaCturers'
~~~~~~~~ B b MRS SR o interest s taken |
........... o 1 .| 299.... .37.5
........ J98A /5603 . . 3.00 5586. .. 150,00 | 63\6’BL800A 100.00 ' persona ".l ex"es L .a it _ln
........ 401A/5590. ... 1.00 5608A 6.00 | 6322/8L25....12.50 | every order. This interest is main-
....... 403B/5597. ... 3.00 5636. 2.25  6336.. 8.75 | . .
....... :g;:/sau . ;;g :gzgv.... g.gg gaau 1275 | tained as the order is processed.
....... 0.0 . ., 344/ K2 00.00 . .
...... :oaA/leoza ... 275 5647..... 3.50 6350..0 - .o And, it continues even after the
"""" é‘{ge‘j:‘“' ‘ 7‘:::°§ AR I,:%% b3s2 - customer receives the merchandise
-414 . . .. 90. 5656..... 5. 6390.. .. i 1 1
2:?:"§§§°““’°‘°g 63 "°g 4 innsaas until he makes sure that it satisfies
/ 2. . 9.5 65/ ¥ N 35.00 | 6438 . .. i
418A . ... 9.50 5667..... 125.00 his needs.
| 420A/5755 ... 5.00 5670..... 1.00 . .
LA dg, 421A/5998. ... 7. e All merchandise is guaranteed,
g‘sl%cﬂv‘.ﬁﬁfi 3 ;g: subject to customers’ inspection and
6XAW.. .. ... 1.50 approval, and may be returned
6X4WA .00 . .
g:m:;, ...... 5‘23 within 30 days for replacement or
------- ool credit
TAK7 . ... ..... 1.00 .
TMP7......... 5718 1.50 ‘
10KP7 . .. ..... 5720/FG33.. .17.50 1 H
T2AT7WA o aN/Eead. . e The catalog is full of 1temi to fill
5725/6AS6W.. . 1.50 i
i S everyday relay requirements’.
ICQI:JY7 ........ :;27 ::gzlw ‘;‘25
........ 28, 7. . .00 .
FG-17. ..., 5749/6BA6W.. . 1.00 Catalog E-162 may be obtained by
HK-24. ....... 5750/6BE6W... 1.50 ge .
25T......... 5751/12AX7W . 1.35 | 9005.. writing directly to:
ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED UNIVERSAI RELAY
‘
e WESEOER -€NGInCELS ., ORP.
r Cal : ]
. in order $10 42 White Street, New York 13, N. Y.
Tetsshona: ELK GROVE, CALIFORNIA Min order'$ — '
SUPPLIERS OF ELECTRON TUBES SINCE 1932 er 5-6900
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ARMAG:PROTECTED
DYNACOR®
BOBBIN CORES
AT NO EXTRA COST!

Tough-as-tortoise-shell Armag ar-
mor is an exclusive Dynacor de-
velopment. It is a thin, non-me-
tallic laminated jacket for bobbin
corcs that replaces the defects of
nylon materials and polyester
tape with very definite advanlagt' 3

—and, you pay no premium for
Armag cxtra protection.

Tough Armag is suitable for
use with normal encapsulation
techniques on both ceramic and
stainless stecl bobbins. It with-
stands 180°C without deteriora-
tion—is completely compatible
with poured potted compounds—
has no abrasive effect on copper
wire during winding—fabricates
casily to close-tolerance dimen-
stons—inner layer is compressible
to assure tight fit on bobbin—does
not shrink, age or discolor.

Write for Engincering Bulletins
DN 1500, DN 1000A, DN 1003
for complete performance and
specification data covering  the
wide range of Dynacor low cost
Standard, Special and Custom

Bobbin Cores—all available with
Armag non-metallic armor.

*TRADEMARK

SPRHGUEé»

THE MARK OF REUABIUTY

SPRAGUE ElE(TRI( (OMPANY

35MARSHALL ST, ¢ NORTH ADAMS, MASS.
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@1962 McGRAW-HILL
YEARBOOK
of SCIENCE and
TECHNOLOGY

JUST PUBLISHED — All the concepts,
theories, and findings of the most
extraordinary ‘‘science breakthrough”
year in history —brought to you by the
very men who helped make these re-
markable achievements possible.

*» Includes sections on space, including
Colonel Glenn’s orbital flight — intellec-
tronic machines —underwater and |

ocean-bottom projects — the mind o
of man -~ many other important ¢
areas in physical, life, and earth RN

sciences and engineering. 558

pages, 7% x 10: 580 illustrations;

over 300 contributors; $17.50.
ot
=g

ELECTROMECHANICAL
ENERGY CONVERSION

Just Pub. Covers relation of electromagnetic
field theory to study of eloctromechanical
encrgy devices. Features application of the
roneralized machine as a model in analysis
of performance of many of the standard ro-
tating machines. By Samnel Seely. Case fnst.
of Tech. 329 pp.. 224 ilux. $10.75

PRINCIPLES AND PRACTICES
OF ELECTRICAL ENGINEERING

Just Pub.—8th Edit. Covers engineering
fundamentals underiying today’s eleetrical
installations and practice: generation, trans-
mission. utitization of power: motors, trans
formers, nieters, controls, cte.: circunils=: eloee
tronies. By Alexander Gray. Revised by
;. A. Wallace, McGI Tniv. Sth Ed. S8 pp..
245 lux., $9.50

CAREERS
IN ASTRONAUTICS
AND ROCKETRY

Just Out-Unique guide. Shows personal
qualifications, educational requirements, train-
ing programs, and specific job opportunities

in everything from rocketry and missile engi-

neering to space science and technology.

Covers chemistry of propellants, geosciences,
mathematics, computing, communications,
tracking, propulsion, vehicle design, support
equipment, etc. Shows what government, in-
dustrial, and research organizations offer
promising careers,

By C C. ADAMS and W. VON BRAUN,

in collaboration with FREDERICK |, ORDWAY I11,
232 pages, illus., $6.95

FREE EXAMINATION COUPON

McGraw-Mill Book Co., Dept. L-6-8

327 W. 4ist St., N.Y.C. 36

Send me book(s) checked helow for 10 days® exam

ination on approval, In 10 days I will vemit tor

book(s) 1 keep plus few cents for delivery costs,

and return unwanted book(s) postpaid. (We pay

delivery costs if you remit with this coupon

samoe return privilege.)

) McGraw-Hill—Yrbk. of Sci. & Tech., 1962,
17.50

) Seely—Electro. Energy Conversion, $10.75
] Gray & Wallace—Prin. & Prac. of Elec. Eng..

. 50
0 Adams & Von RBraun—Careers in Astro &
Rocketry, §6.95

(PRINT)
I E 11T R R R
Address ... oo .
CHY cooviiieien e Zone...... State ..
COMPANY ... oivr e iiaienens B850 P
: [ ]
POSition ... e aooaotn .
For price and terms outside U.S. []
N. Y.

write McGraw-Hill Int’l., Y. C. L-6-8 ¢
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FRED STEWART:
Promotion Manager
B. ANELLO:
Market Services Manager

ADVERTISING REPRESENTATIVES

DENVER (2):
J. W. Patten
Tawer Bldg., 1700 Broadway,
Alpine 5-2981 (area code 303)
ATLANTA (9):
Michael H. Miller, Robert C. Jahnsan
1375 Peachtree St. N.E., Trinity 5-0523
(area code 404)

NEW YORK (36):
Donald H. Miller, Henry M. Shaw,
George F. Werner
500 Fifth Avenue, LO-4-3000

(area code 212)

BOSTON (16):

William S. Hodgkinson, Donald R. Furth

McGraw-Hill Building, Copley Square,

Congress 2-1160 {(area code 617)
PHILADELPHIA (3):

Warren H. Gardner, William J. Boyle

6 Penn Center Plaza, LOcust 8-4330

{area code 215)
CHICAGO (11):
Harvey W. Wernecke, Robert M. Denmead
645 North Michigan Avenue, Mohawk 4-5800

(area code 312)
CLEVELAND (13):

HOUSTON (25):
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Prudential Bldg., Holcomb Blvd.,
Jackson 6-1281 (area code 713"
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Frank Le Beau
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“Headquarters for Business Information”

McGraw-Hill Technical and Business Publications

American Machinist/Metal- Electrical Wholesaling
working Manufacturing Electrical World
Aviation Week and Space Electronics
Technology Engineering Digest
Business Week Engineering and Mining Journal
Chemical Engineering E & MJ Metal and Mineral

Product Engineering
Purchasing Week
Science Week
Textile World

Chemical Week Markets

Coal Age Engineering News-Record Overseas only:

Construction Methods and Factory Automobile International
Equipment Fleet Owner (English, Spanish)

Ingenieria Internacional
Construccion (Spanish)

International Management
(English, Spanish
Portuguese editions)
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(Great Britain)

Construction Daily Industriat Distribution
Contro! Engineering National Petroleum News
Electrical Construction Nucleonics
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Electrical Merchandising Week Platt’s Oilgram News
Electrical Newsletter Platt’s Oilgram Price Service
Electrical West Power
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BRUSH INSTREUMENTS D

Engineered
chart paper

Engineered details make the difference in chart paper. And only Brush chart paper
is engineered as an integral part of the rigid specifications for today’s Recording
Systems. Imitation papers cannot match the special processing of paper surface to
minimize pen friction; the unusual dimensional stability and tensile strength; the
perfect alignment attained by winding and then rewinding the rolls; the carefully
controlled printing conditions. Eliminate chance—specify Brush and you’ll know g
your records will be accurate, permanent, easily read and reproduced. Stocks :
available from branches and sales representatives throughout the U. S. and Canada. Write for
samples of actual tracings on Brush Chart Paper. Ask for “Brush Engineered Recording Supplies”.

‘—-l.)rUSh INSTRUMENTS

1SION OF CI_EVITE ERAS AND PERKINS, CLEVELANO 14, OHIO

Srush
S
ey
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The de=zlopment of RCA Coszaded
Imoge Tubes follows the develop-
ment oad production of the RCA-
6914 ond the RCA-6929 single
stoge Image Converter Tubes show
ot right.

Another RCA First

INTENSIFICATION

to100000X

...with RCA
Cascaded Image Tubes

RCA, world Icader in photoclectronics, now
offers a wide choice of Cascaded Image Tubes
for light detection at very low levels of light.

Completely at home cven in near darkness,
RCA Cascaded Image Tubes can deliver the
ultimate in accurate images of scenes with as
little as 107" foot candle illumination on the tube.
In astronomy, for example, these tubes are used
in the spectroscopy of very faint stars. Stars
many light years away can be photographed in
| 100th of the time normally required.

RCA Cascaded Image Tubes also provide a
new tool for study of the atom and its nucleus.
The Cascaded Image Tube provides a means for
improved identification of particles by per-
mitting photography of sclected nuclear events
within 1 microsecond of the time of occurrence.

RCA can design and make the
Cascaded Image Tube you need

RCA can design and build Cascaded Image
Tubes with very high sensitivity—out to the
threshold of absolute darkness—for operation in
various regions of the spectrum.

Talk over your needs with your RCA Indus-
trial Tube Representative. He can help you draw
upon the same rescarch and development capa-
bilities that have made RCA photo-multipliers,
phototubes, and other photoclectronic devices
famous for a gencration. Or, write: Marketing
Manager, RCA Industrial Tube Products, Lan-
caster, Pennsylvania.

RCA FLECTRON TUBE DIVISION

The Most Trusted Name in Electronics

®

INDUSTRIAL TUBE PRODUCTS FIELD OFFICES:
OEM SALES: Nework 2, N. J., 741 Brood St., HU 5.3 » Chicogo 54,
Suite 1154, Merchondite Mort Plozo, WH » Los Angeles 22,
Colif., 6801 E. Woshington Bhhd., RA 3 R1s61 » Burlingome, Colif., 1838
El Comino Reol, OX 7-1620. GOVERNMENT LIAISON: Horrison, N. J,,
415 South Fifih Sr., HU 5.3900 » Doyton 2, Ohio, 224 N. Wilkinson St.,

BA 6-2366 « Woshington 7, D. C., 1725 "K'’ $t., N\W., FE 7.8500.





