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QKB 830 O-TYPE BWO is
114 inches in diameter;
weighs only 1% Ibs.

provides
smaller, lighter X-band signal source

New Raytheon tube combines advantages of back- } _'(
ward wave oscillators in rugged compact package QKB 830 GENERAL CHARACTERISTICS
ideal for airbornc and missile usc. (Typical CW Operation) |
The QKB 830 is especially suitable for local oscillator service =
in airborne, shipboard, or ground-based equipment such as Power Output ...... 15-30mW
anti-jam radar receivers. A wide-range tube, it can be tuned Frequency 8.5-9.6 kMc
from 8.5 to 9.6 kMc by varying a sin le electrode voltage. o -

y ying g Voltage Requirements
The small size and low voltages of the QKB 830 permit its Tuning Voltage ........ .150-250 Vdc
use as a direct replacement for mechanically tuned klystrons Focus Voltage ....... .300Vdc
in existing systems. It is also adaptable to many other appli- Filament Voltage .......... 63 V
cations requiring a voltage tunable source having provision ShOCK oo 50 G's
for low-voltage pulsed or amplitude modulation. COOLIME smrresm e oo immmsases ‘convection .
Write today for technical data or application service to Overall Length .......ccocoiiniinnnninees 7.5in. [
Microwave and Power Tube Division, Raytheon Company, | WEIgHE oo 1.5 Ib. Max.
Waltham 54, Massachusetts. In Canada: Waterloo, Ontario. L i

RAYTHEON COMPANY

MICROWAVE AND POWER TUBE DIVISION
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Gas laser generates micron wavelength infrared beam. Raytheon
device is excited by 28-Mc radio radio-frequency energy. See
p 39

BRITAIN’S COMPUTERMEN SEEK SALES. Report on new
equipment and marketing plans revealed at computer exhibition
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NOW — FCC type accepted — single
or dual automatic—for carrier powers
of 10, 12, 15, 20, 25, 50 and 100 watts.

Even in the most remote areas, wings aloft are
guided on their way by Aerocom’s new medium
range N.D.Beacon Transmitter.This transmitter
was designed and built to provide long, trouble-
free service with no attendants...even where

the total population is Zero.

AEROCOM’S

Dual Automatic
Package-Type Radio Beacon

for completely unattended service. This N.D. Beacon (illustrated) consists of two 100 watt (or 50
watt) transmitters with 2 keyers, automatic transfer and antenna tuner. (Power needed 110 or 220
volts 50/60 cycles, 465 V.A. for 50 watt, 675 V.A. for 100 watt.)

Frequency range 200-500 kes.: available with either crystal or self excited oscillator coil. High
level plate modulation of final amplifier is used, giving 97% tone modulation. Microphone P.T
switch interrupts tone, permitting voice operation.

The “stand-by” transmitter is selected when the carrier or modulation level of main trans-
mitter drops 3 db or more, in case of failure to transmit the identification signal or if carrier fre-
quency changes 5 kes. or more. Audible indication in monitoring receiver tells which transmitter
is in operation.

Unit is ruggedly constructed and conservatively rated, providing low operating and main-
tenance costs.

Also available in 400 watt, 1 K.W. and 4 K.W. Models, 200-415 kes.

AER COM 3090 S.W. 37th AVENUE @ MIAMI 33, FLORIDA
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LAMBDA

Convection Cooled
Transistorized Regulated Power Supplies

LA SERIES

0- 34VDC 5 AMP
0- 34VDC 10 AMP
0- 34VDC 20 AMP

20-105VDC 2 AMP
20-105VDC 4 AMP
20-105VDC 8 AMP

15-330VDC 0.8 AMP
15-330 VDG 1.5AMP
15-330VDC 3 AMP

' SPECIAL FEATURES

¢ Convection Cooled—No internal blowers ®* Remote programming over Vernier band
or filters—maintenance free ® Hermetically-sealed transformer designed
® Ambient 50°C to MIL-T-27 A
® No Voltage Spikes or overshoot on ® Easy Service Access
“turn on, turn off,”” or power failure ¢ Constant Current Operation—Consult Factory
L ® Short Circuit Proof e Guaranteed 5 years

CONDENSED DATA

DC OUTPUT (Rcgulated for line and load) Temperature ,
Model Voltage Range (1) Vernier Band (2) Current Range (3  Price (4 Coeflicient . . .......... Less than 0.025%/°C.
LA 50-03A 0- 34 VDC 4V 0-5 AMP $ 395 (1) The DC output voltage for each model is completely covered by four selector
LA100-03A 0- 34 VDC 4V 010 AMP 510 switches plus vernier range.
LA200-03A 0- 31 VDC 4V 0-20 AMP 795 (2) Center of vernier band may be set at any of 16 points throughout voltage range.
LA 20-05B 20.105 VDC 10V 0- 2 AMP 350 (3) Current rating applics over entire voltage range.
LA 40-05B 20-105 VDC 10V 0- 4 AMP 495 (4) Prices are hfor unmetered models. For metered models add the suffix “M' and
y = =W add §30.00 to the price.
kﬁ Sgggg %g;gg tgg ;8 x 8 88 ﬁk}g ggg (5) Il';x(‘cpt clor L,\so-og.;h LAIOlO-bOl.’M. LA200.03A whichdhavc AC i:put voltage of
: - g 1 100-130 VAC. 105-140 available upon request at moderate surcharge.
LA 15-08B 75-330 VDC 30V 0- 1.5 AMP 560
LA 30.08B  75330\DC 30V 0-3 AMP 860 AC INPUT 105-140 VAC, 60 = 0.3 cycle(®
b
Sy g, ..., e, Ml 0:0 et s T ] B ke e Brereant Cotar o atandrd commereial pover line tolcriofsy
Gions Trom 1081401 v AG. P4 YorE i ety

Size

LA 50-03A, LA20.05B, LA 8-08B  3%%” H x 19” W x 1434” D
LA100-03A, LA10-05B. LA15-08B 77 Hx19” W x 143" D
LA200-03A, LA80-05B, LA30.08B 10%3” H x 19” W x 16%” D

Regulation (load). .. ... Less than 0.10 per cent or 15 millivolts
(whichever is greater). For load varia-
tions from 0 to full load.

i i80r . ! . . L han 1 millivolt ith eith
AP Noies g;s,f,i:m?"gmu':éeﬁ\f’ rme Wi et Send for new Lambda Catalog 61

/A LAMBDA siccanonies cons. |

5156 BROAD HOLLOW ROAD, HUNTINGTON, L. I, NEW YORK 6518 MYRTLE 4-4200

Western Regional Office: 230 North Lake Avenue, Pasadena, California + Phone: Code 213, MUrray 1-2544
New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts « Phone: Code 617, HUntley 5-7122
Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. I.,, New York « Phone: Code 516, MYrtie 4-4200
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COHERENCE is one of the prime characteristics of a laser’s
light output. It is the characteristic which most distinguishes a
laser from other light generating techniques. Once coherence
is attained, light may be handled like radio waves. The Westing-
house sketch reproduced here is a conceptual picture of how a
laser tunes and reinforces light output into a single, spatially
coherent wavefront.

The 19 black circles are ions within the lasing material that
radiate light (indicated by the concentric thin circles about each
ion) in phase. This in-step radiation produces the developing
wavefront that progresses to the right of the drawing.

Principles of laser operation are explained this week in the
first part of a four-part series on lasers by Associate Editor Vogel
and Assistant Editor Dulberger. The article on p 39 discusses
laser materials, materials research and the development of lasers.
Applications will be reported next week.

PLASMA BREAKDOWN and ohmic heating circuits described in
this issue by C. D. Allen, G. A. Senior and S. M. Zollers, of RCA,
are used in the C-Stellarator at Princeton University Plasma
Physics Laboratory. This is the fourth article Erectroxics has
published on the various Stellarator circuits. Our July 3, 1959
issue had a description of the 250-Kc generator by R. L. Gamblin
(p 50), ohmic heating was described—also by Gamblin—on Oct.
9, 1959 (p 57), and a megawatt pulsed r-f generator was dis-
cussed by H. M. Hill, Jr. in our July 21, 1961 issue (p 70).

Coming In Our November 3 Issue

CIRCUIT DESIGN. For design of a simplified by the graphs pre-
typical transistor amplifier, the pared by D. McLaren of The
gain and stability factors are Martin Co. in Orlando. These
generally given and a complex graphs are based on computer
mathematical procedure is used solutions for the various resist-
to specify component values. ance and transistor beta versus
These calculations can be greatly gain and stability factors.
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METAL FILM RESISTORS OFFER 5
DISTINCT TEMPERATURE COEFFICIENTS
TO MEET ALL CIRCUIT REQUIREMENTS

RUGGED END-CAP
CONSTRUCTION
FOR LONG TERM
STABILITY

EXCEPTIONAL
RESISTANCE TO
MOISTURE AND
MECHANICAL DAMAGE

SURPASS MIL-R-10509
PERFORMANCE
REQUIREMENTS

SPRAGUE COMPONENTS

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 character-
istics include minimum inherent noise level,
negligible voltage coeflicient of resistance
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 charac-
teristic of molded-case Filmistor “C” Re-
sistors. This is especially important where
they are used to make highly accurate ratio
dividers.

Filmistor “C” Resistors are automatic-
ally spiralled to desired resistance values by
exclusive Sprague equipment. The metallic
resistive film, deposited by high vacuum
evaporation, bonds firmly to special ceram-
ic cores. Noble metal terminals insure low
contact resistance.

The resistance elements, complete with
end caps and leads attached are molded in
dense, high temperature thermosetting ma-
terial to form a tough molded shell for max-
imum protection against mechanical dam-
age, moisture penetration and repeated
temperature cycling.

Filmistor “C” Resistors, in 18, Y4, 1
and 1 watt ratings, surpass stringent per-
formance requirements of MIL-R-10509C,
Characteristic C. 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

RESISTORS

CAPACITORS

MAGNETIC COMPONENTS
TRANSISTORS

INTERFERENCE FILTERS
PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS

October 27, 1961

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

L2S0Me

SPRAGUE

THE MARK OF RELIABILITY

"Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co.
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“The light touch . . .

in automation and control”

. the

CLAIREX
Photoconductor

llustrated;

an “L" type j&

particularly
vseful in
transistor &
and other |
low-voltage
applica- >
tions,

from the
miniature

600 series.

Circuit
Component
Controlled by
LIGHT

For tabulated technical
daota en 25 differem
Cleirex Photeconducten
consult your new

® IRE Directery

o Electronic Buyers
Guide

o Electronic Design
Cataleg

® Radie Blectrenic
Lo

CLAIREX

CORPORATION

19 W. 26 St., New York 10, N. Y.
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COMMENT

Microminiature Component Sales

I have read with great interest
your August 4 (p 22) article “Mi-
crominiature Circuits: $1.2 Billion
in 1965?” However, I am quite
puzzled with the level of micromini-
ature component sales estimated for
1960 as shown on the second chart.
At $416 million they approach one-
half of total selected components’
sales of $968 million for 1960.

I can’t imagine such a high sales
volume for this segment of the com-
ponents market in 1960. Possibly
the answer lies in the definition of
microminiature components as ap-
plied to 1960 sales.

Plegse furnish, if at all available,
a detailing of components con-
tained in the $416 million figure, or
at least an explanation for the ex-
tremely high 1960 sales level of
such a recently introduced member
of the electronic components family.

CHARLES R. O’NEAL
General Electric Company
Owensboro, Kentucky

We got in touch with the infor-
mation source, and here is his
answer:

The primary purpose of the
charts was to describe the trend of
microminiaturization likely to oc-
cur in military electronics. The pro-
jections are interpreted to be the ul-
timate potential values for selected
years; whether or not this poten-
tial will be realized depends on a
variety of factors which are beyond
the scope of the projections.

Selected components  include
semiconductors, resistors, capaci-
tors, quartz crystals, transformers,
connectors, and relays. These are
the components that have proven
to be adaptable to high-density
packaging. Such devices are cur-
rently being assembled by a va-
riety of techniques and are being
marked in quantities today. Ad-
vance military planning anticipates
that microminiaturization will ac-
count for an increasing share as
the demand accelerates for ex-
tremely lightweight and high-re-
liability packaged circuits.

In order to establish a trend for
the projection, a rate of micromini-
aturization was assumed for 1960
and applied to the current level of
selected component sales. The pro-

jection for 1960 is merely an indi-
cation of the rate of penetration by
microminiaturization that would
have occurred if the full force of
high-density packaging had existed.

J. H. RIDDEL
Radio Corporation of America
Somerville, New Jersey

Plasma Engineering

It was very interesting to read
the articles in ELECTRONICS about
plasma engineering, because we are
occupied with plasma amplifiers
here.

I was especially interested in the
first photo of the second article
(August 4, p 33) because it seems
to me that Bell Labs uses a micro-
wave cavity very similar to ours

20 MM ouT—
X""‘: PUT

: { PLASMA SECTION "'éblim;}
~ 7 Y , A
f
R
2 ™ \GLASS
o TUBE

for measuring the shift of the res-
onant frequency. However, I think
it is very difficult to calculate the
absolute plasma density from these
measurements, so I would be glad
if you have any further information
about this technique. To help you
I enclose a drawing of our resona-
tor.

STURE KRONLUND
Chalmers University of Technology
Gothenburg, Sweden

Mr. Kronlund has been sent the
name of the Bell Lab’s scientist
shown taking resonant frequency
measurements of the cavity.

Alumni News

As a faithful #Zlumnus of The
Ohio State University, I feel com-
pelled to point out to you that there
is no such school as University of
Ohio, as mentioned in Crosstalk
(Sept. 8, p4). I am certain that my
alma mater is the university which
should have received the credit.

J. A. LYTLE
Milwaukee, Wisconsin

Reader Lytle is correct. The
name of his alma mater appeared
correctly in the article to which
Crosstalk referred (Sept. 15, p 49).

electronics



From the General Ceramics Division of
INDIANA GENERAL CORPORATION

Typical plug-in unit for
Lenkurt 46A carrier —
a transistorized system
providing up to 600
channels. General Ce-
ramics cup core assem-
blies can be seen clear-
ly in lower unit with
shield removed.

Close-up showing individ-

ual TC core. Unit includes

mounting hardware, ad-
| justable trimmer group

and bobbin to provide a
1 complete assembly.

’ I_-iighw“Q"_TC Cores Help Lenkurt Electric

INCREASE CARRIER RELIABILITY

General Ceramics advanced-design, temperature-compensated
FERRAMIC® cup cores are used extensively in Lenkurt Electric
Co., Inc. carrier systems. They provide the highest Q of any
commercially availahle material, plus convenient trimmer
design, improved shielding for close spacing, and unmatched
stability 0° C to 50° C.

These General Ceramics temperature-compensated cup
core assemblies, designed especially for filter applica-
tions, have an M#s-Q product equal to or greater than

OIVISION OF

INDIANA

B

GENERAL

CORPORATION

250,000. With Q values as high as 750, they are far
superior to old-style toroid-shape cores. All FERRAMIC
cores are guaranteed to have a positive temperature
coefficient of effective permeability and inductance,
linear within specified tolerances.

Seven sizes (International Series) from stock — .599”
to 1.425" O.D.; for frequencies up to 1 M.C. Standard
gapped inductance values 40 to 1,000 MH/1,000 turns.
For exact recommendations and fast off-shelf deliveries,
write, wire or phone. Ask for Bulletin 28, Dept. A-10.

GENERAL CERAMICS

Phone VAlley 6.5100 » Direct Distance Dialing Code 201

KEASBEY, NEW JERSEY, U.S.A,

TECHNICAL CERAMICS,

October 27, 1961

FERRITES AND MEMORY
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TAKE A SECOND LOOK

IT'S THE 2N174—PART OF DELCO RADIO'S POWER TRANSISTOR FAMILY WHICH HAS
PROVED ITS STUFF FOR YEARS IN HUNDREDS OF MILITARY AND INDUSTRIAL APPLICA-
TIONS: MISSILES, COMMUNICATIONS, DATA PROCESSING, AND ULTRASONICS, TO NAME A FEW.
THIS MULTI-PURPOSE PNP GERMANIUM POWER TRANSISTOR HAS THE HIGH PERFORMANCE AND
VERSATILITY TO MEET OR EXCEED THE MOST RIGID ELECTRICAL AND ENVIRONMENTAL

REQUIREMENTS.  DESIGNED FOR GENERAL USE WITH 28-VOLT POWER SUPPLIES, THE 2N174

4

MAY ALSO BE USED WITH 12 VOLTS WHERE HIGHER RELIABILITY IS DESIRED. MAXIMUM
EMITTER CURRENT—15 AMPERES, MAXIMUM COLLECTOR DIODE RATING—80 VOLTS, THERMAL

RESISTANCE—BELOW .6°C/W AND MAXIMUM POWER DISSIPATION—S0 WATTS AT 71°C, MOUNTING BASE TEM- .

PERATURE. THE 2N174'S LOW SATURATION RESISTANCE PROVIDES HIGH EFFICIENCY IN SWITCHING OPERA-

8

TIONS. € LIKE ALL DELCO TRANSISTORS, EVERY 2N174 MUST PASS AT LEAST A DOZEN ELECTRICAL
AND ENVIRONMENTAL TESTS—BEFORE AND AFTER AGING—BEFORE IT LEAVES DELCO RADIO’'S
LABORATORIES. THIS 200 PERCENT TESTING, COMBINED WITH FIVE YEARS OF REFINEMENTS IN
MASS PRODUCTION, MEANS CONSISTENT UNIFORMITY IN THE PRODUCT ... AT A LOW PRICE.
€ THE 2N174 IS JUST ONE OF MANY DEPENDABLE TRANSISTORS PRODUCED BY DELCO RADIO TO
SUPPLY ALL YOUR TRANSISTOR NEEDS. FOR MORE DETAILS OR APPLICATIONS ASSISTANCE ON
THE2N174 OROTHER DELCO TRANSISTORS, CONTACT YOUR NEAREST DELCO RADIO SALES OFFICE.,

Union, New Jersey Santa Monica, Californla  Chicago, lllinois Detroit, Michigan
324 Chestnut Street 726 Santa Monica Blvd. 5750 West 51st Street 57 Harper Avenue
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560

DIVISION OF GENERAL MOTORS ¢ KOKOMO, INDIANA n N
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ELECTRONICS NEWSLETTER

Math Proves Two-Color Perception Theory

SIMPLER coLoR Tv, multidimensional color sensory devices, learning
machines that adapt to color, new data displays—these and other
man-machine developments are expected to flow from mathemati-
cal verification of the two-color vision theory advanced by Edwin

H. Land, of Polaroid.

Starting with Land’s empirical
data, Huseyin Yilmaz, a physicist
at the new Sylvania Applied Re-
search Laboratory, Waltham,
Mass., built a mathematical model
of human color perception. It re-
portedly outmodes the eclassical
three-color explanation.

Yilmaz’ theory states that the il-
luminant to which the visual field
is subjected establishes a frame of
reference in color space. The brain
transforms to its own reference
frame by solving equations similar
to Lorentz transformations used in
relativistic mechanics.

Equations are almost identical to
Lorentz’. In place of relative ve-
locity v/e, Yilmaz has relative satu-
ration—saturation of the new
frame of reference/maximum sat-
uration to which eye responds.

Sylvania demonstrated by pro-
jecting two black and white nega-
tives on a screen. One projection
went through a reddish-orange
slide, the other through a yellowish-
green slide. Several colors produced
were not predicted by classical color
theory. The work is part of re-
search on information processing.
Formulation of human hearing and
smell will also be attempted.

IRE and AIEE Consider
Merger of Membership

MERGER of two major engineering
societies—Institute of Radio Engi-
neers and American Institute of
Electrical Engineers—is underway.
Boards of directors of both societies
last week approved the first steps.
Both adopted resolutions outlin-
ing advantages of consolidation and
appointed members to a study com-
mittee. The committee is to report
by Feb. 15, 1962. If society mem-
bers also vote approval, the merger
would be completed by Jan. 1. 1963.
IRE was founded in 1912 and
AIEE, in 1884. Interests and activi-

October 27, 1961

ties of the two groups overlap in
many cases, Some 6,000 engineers
belong to both. World-wide mem-
bership of the joint society would
be about 150,000,

Orbiting Needle Belt
Launched with Midas

AIR FORCE launching of an orbiting
needle belt last Saturday immedi-
ately triggered a wave of protests
from astronomers around the world
who fear it might obscure their
view of the heavens. One scientist
called it ‘“a major intellectual
crime”’.

Air Force defends the project,
called West Ford, as important to
science. A primary aim is research
in space dvnamics, another to test
effectiveness of orbital scatter. Two
such belts could provide communi-
cations between any two points in
the world. MIT says the widely-
spaced needles will not appreciable
affect astronomy.

The dipoele dispenser was
launched piggyback with Midas IV,
which will orbit independently. It
will be about a month before the

Death Ray Wanted

NEXT MONTH, the Air Force’s
Rome Air Development Center
will receive proposals for a de-
sign study of a radiation weapon.

The death ray will reportedly
be an optical maser’s high en-
ergy light beam.

ELECTRONICS reported Oct. 13
(p 4) the possibility of using
lasers as a missile defense. The
series of articles on lasers be-
ginning this week also discusses
weapons applications.

needle cloud will spread into a belt
circling the earth. Average separa-
tion between dipoles will be about
1,200 feet.

Advance Current Primes
Memory Steering Diodes

AMPEX Compter Products is produe-
ing large capacity ferritecore mem-
ory units with cycle times as small
as 1.5 microseconds.

Speed is obtained by use of 30-
mil cores, high-speed gating cir-
cuits and linear-select, partial flux
techniques. Currents are 200 ma for
read and 100 ma for write. A
primer current precedes regular
current by 25 to 50 nanoseconds in
current steering diodes, enabling
lower cost diodes to handle switch-
ing.

Units store 2,048, 4,096 and 8,192
56-bit words. Operating modes are
clear-read, read-regenerate and
split read write. A follow-on proto-
type cycles in one microsecond. Fu-
ture types may locate, read and
regenerate address cores in 0.6
microsecond.

Bacterial Batteries
Create Usable Power

CALIFORNIA company claims it has
obtained enough electricity from
bio-power device to operate radio
beacons at sea. Magna Products, of
Santa Fe Springs, reports it has
had device models in operation for
a year. One type is a cell which con-
tains bacteria feeding on nutrients
found in sea water. Second is a fuel
cell utilizing organic matter and
air. Third is a solar cell containing
photosynthetic organisms.

Company says development stems
from investigations of bacteria—
caused corrosion in oral wells and
pipelines at sea.

Nonprofit Satellite
Company Recommended

WASHINGTON—FCC-appointed com-
mittee of international communica-
tions carriers is recommending a
nonprofit corporation develop and
operate communications satellites
for the U.S. The carriers offered to
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put up $60 million of the $100-$200
million cost. System could be oper-
ating in 1965, with limited version
in 1964.

Domestic carriers, led by General
Telephone and Electronics, asked
FCC to extend time for reply to the
proposal to Nov. 27. FCC gave them
30 days, to Nov. 12, Several firms
want private, rather than public
ownership of satellites.

Meanwhile, congressional objec-
tions to possibility of a monopoly
arising from international carrier
operation of satellite system con-
tinued. Emanuel Celler, chairman
of the House antitrust subcommit-
tee said AT&T is likely to contrib-
ute 80 percent of cost and would
thus dominate the system. He asked
FCC to reject the proposal.

Process Control Bucks
Skepticism in Europe

MILAN—Many of the 300-plus sci-
entists and engineers attending the
recent International Automation
Conference in Turin expressed
skepticism about present capabili-
ties of automatic process control.

Cited were the lack of sensing
devices able to precisely measure
process variables and insufficient
knowledge of plant dynamics
needed to derive process equations.

Proponents argued that modern
high-speed computers now make it
possible to consider dynamic op-
timization of a process. The com-
puter does not have to act upon set
points of traditional controllers
and exercise static control, they
said, but can act directly on process
valves, eliminating conventional in-
strumentation.

Air Launching Would
Give Rocket Accuracy

FURTHER INFORMATION on the NAA-
Aeronutronic proposal to substi-
tute a B-52 and X-15 for first two
stages of Blue Scout launch vehi-
cles has been received. As reported
last week, method is aimed at sav-
ing two-thirds cost of guided
launches and half of current costs
for unguided launches.
Aeronutronic says the system
would give an unguided mission
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almost the same accuracy as a
guided one of the Blue Scout vari-
ety. Company, which builds Blue
Scout, did not speculate on use of
other vehicles.

Three parts of air launch system
would need no more electronics
than ground launch. The B-52
would carry compact checkout
equipment, X-15 a stable platform
and Blue Scout the regular auto-
pilot. Payload for deep space shot
is estimated at 50-60 pounds and
payload for orbiting at 300 to 800
miles, 50 to 125 pounds.

Educational Electronics
Joint Venture Formed

McGRAW-HILL Book Co. and Thomp-
son Ramo Wooldridge have agreed
to jointly develop and produce a
wide range of electronic teaching
equipment and related programs of
instructional materials. TRW is to
provide audiovisual, computer and
control devices and systems and
programming techniques; McGraw-
Hill is to prepare the programs.
Programs will be designed for
school, industrial, commercial, mili-
tary and home use. Both firms have
been active in educational electron-
ies, TRW in hardware and McGraw-
Hill in software. The book com-
pany is a subsidiary of the firm
which publishes ELECTRONICS.

New Lens May Beam
5-Mw of R-F Power

ELECTROMAGNETIC amplifying lens,
capable of radiating a 5-Mw beam
of microwave power was described
at a Chicago IRE meeting last week
by W. C. Brown, of Raytheon.

Brown dramatized possible use
by picturing a helicopter with a 30
to 50-foot dish antenna. Dish would
collect enough energy to drive mo-
tor in craft. Brown added that a
plane carrying an educational tv
station might be kept aloft, pilot-
less, a month for $5 an hour.

Lens positions an anode—much
larger than one used by a magni-
tron or Amplitron-—at the center
of the tube with its cathode at the
perimeter. Gain builds along the
tube’s axis, with the space charge
spiraling in a fluted helical gear
configuration.

In Brief . ..

SEARS ROEBUCK has introduced a
private brand 21-inch color tv
set priced between $449 and $549.

INTERPLANETARY transportation
systems and spacecraft orbits are
being studied by Lockheed under
$65,000 NASA contract.

FIVE-STORY HIGH sonar transducer,
weighing several hundred tons,
may be used in Artemis, Navy
project in advanced submarine
detection system. Transducer
would use Arma gyrocompass as
north-seeking reference.

AIR FORCE will station six flying
communications systems around
the world, under Project Talking
Bird. General Dynamics/Elec-
tronics is supplying single side-
band equipment.

ELGIN National Watch has received
$4 million in new production or-
ders for Bullpup, Sparrow, Side-
winder and Tartar missiles.

KEARFOTT has been awarded a $2.2
million contract for more than
300 N-1 gyrocompasses, which
are used in B-52 bombers.

POST OFFICE in St. Paul, Minn., will
be equipped with electronic mail-
sorting devices.

HUGHES has delivered to Signal
Corps first of a new helicopter
transportable system to direct
fire of widely dispersed Nike and
Hawk missile batteries.

AUSTRIA reports manufacture of
60,000 tv sets in first half of
1961, gain of 50 percent over
1960. Radio output dropped by
2,000, to 215,000.

AUSTRALIA’S Department of De-
fense is setting up four edp cen-
ters, has bought two of Minne-
apolis-Honeywell’s model 800
computers for one in Canberra.

TWA AIRLINES has bought a world-
wide, computer-based reserva-
tions handling system from Tele-
register Corp., for $6.5 million.

ADMIRAL’S new stereo portable pho-
nograph includes a microphone
that allows listener to sing along
with records.

electronics



A T-Marked SPEED NUT Brand Fastener...

SPEED CLAMPS"®go on fast,
trim weight and parts handling

Attachment of tubing is fast and simple with vibration-proof
Tinnerman SPEED CLAMPS. They are available in a wide range
of sizes and types, with or without attached SPEED NUTS or
neoprene flame-resistant cushions. They make firm, secure
attachments and allow substantial savings in weight, assembly
time and costs.

The complete line of Tinnerman SPEED CLAMPS includes
hose clamps, tube clamps, harness clamps, and an assortment
of special types to meet various requirements.

When buying clamps or spring-steel fasteners, look for the
T-mark...your assurance that you're putting Tinnerman quality
and total reliability into your products. For samples, litera-
ture. prices call your local Tinnerman Sales Office . . . listed in
the “Yellow Pages” under “Fasteners.” Or write to: Tinnerman
Products, Inc., Department 12, Box 6688, Cleveland 1, Ohio.

TINNERMAN

Look for the Tinnerman °T”

October 27, 1961

T- MARK ENGINEERED SPECIALS

TIME SAVING was the benefit when
this Tinnerman Harness Clamp was
used to fasten wire bundles to an air-
craft structure. Inset shows safe,
interlocking tongue and slot that
can't spring open accidentally, yet
opens readily for servicing without
removing clamp from bulkhead.

¢

) /i
PE

\

ASSEMBLY SIMPLIFICATION resulted g

from a switch to Tinnerman Hose
Clamps in this oil changer. One-piece
SreeDp CLAMPS are easy to apply,
quickly secured with standard pliers.
Savings in time and labor are sub-
stantial, excessive weight and parts
handling are eliminated.

GREATER RELIABILITY is attained by |
television manufacturers with Tinner-
man Deflection Yoke Clamps. They
eliminate the problem of misalign-
ment and brokenconnectionsresulting
from rough handling, cushion the tube
assembly under live spring tension.

= = = Re——

CANADA: Dominion Fasteners Ltd., Hamilton, Ontario.

GREAT BRITAIN: Simmonds Aerocessories Ltd., Tre-

forest, Wales. FRANCE: Simmonds S.A., 3 rue Salomon

de Rothschild, Suresnes (Seine). GERMANY: Mecano
Simmonds GMBH, Heideiberg,
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Gardner-Denver “Wire-Wrap"” machine with control system that utilizes punched cards to wire complex computer boards

Automate complex wiring systems with
Gardner-Denver @W’@Mp@Machines

Gardner-Denver has added new dimensions to the reliability
of complex electrical connections with automatic “Wire-
Wrap” machines . . . for both commercial and military
applications.

One machine wires complicated modular boards fast—in
almost any pattern you can think of . . . makes literally
thousands of connections in a small space. Machines are
used for both commercial and military applications.

And these connections are the most reliable in the world
—because they’re solderless wrapped connections. They’re
lastingly secure, conquer vibration failure and corrosion,
More proof of superiority? Over a billion connections with-
out a reported failure.

If you build electrical equipment that calls for complex
connections which must be reliable, write for an appoint-

. . Complicated back panel—automatically wired by "“Wire-
ment with one of our CTIE/UITINER S5 Wrap" machine contains 2480 wires and 4960 connections.

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW

GARDNER - DENYER

Gardner-Denver Company, Quincy, [llinois—Offices In principal U.S., Canadian and Mexican cities
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Ave.,, Toronto 16, Ontario

International: Gardner-Denver International Division, 233 Broadway, New York 7. N.Y.
International Offices: Buenos Aires, Argentina; Artarmon, N.S.W, Australia; Brussels, Belgium; Rio de Janeiro, Brazil;
Santiago. Chile; Barranquilla, Colombia; Lima, Peru; Ndola, N. Rhodesia; Salisbury, S. Rhodesia; Johannesburg, Transvaal
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\/\l///'//'tary— Commercial — Entertainment Rectifier Purchasers

NOW FILL

IN588 Series
IN1130 Series

TI RECTI
SELE

RSx8Y -

PIV —VOLTS

DIFFERENT
RECTIFIER

With Tl Broad Line Diffused Silicon Rectifiers

HERE’'S WHY: Start simplifying your rectifier purchasing now. Call your local
Tl sales office or nearby Tl distributor for complete details.

BROAD LINE For more technical Tl rectifier information fill out and mail
the coupon on this page.

IN530 Series
IN536 & IN1487 Series
IN253 & IN1124 Series
IN1124A Series
IN1581 Series
IN1612 Series

IN599 Series
IN607 Series

You get real savings in time and money with
single-source procurement from TI’s broad rec-
tifier line. Choose from more than 138 rectifier
types: Stud and axial top hats, high-voltage Send me complete product information and prices on Tl’s

types, potted stacks, epoxy economy rectifiers
) . . ine of rectifi ifi
L8 M e o rder, bre invoice: [] complete line of rectifiers [] Top Hat General Purpose Rectifiers

QUALITY ASSURANCE

[ High-voitage Diode Stacks ~ [] Epoxy Economy Rectifiers

With Tl rectifiers you buy confidence. Over NAME
fifteen million hours of controlled life test data
back-up your guaranteed Tl rectifier reliability. TITLE
IMMEDIATE LOCAL DELIVERY i
One call to your Tl distributor brings you immed- STREET ADDRESS
iate delivery from Jocal shelf stocks. Meet your
CITY STATE

tightest production schedules with Tl custom
service . .. and still pay only low factory prices.

COMPONENTS DIVISION [7) TEXAS l N ST RU M EN TS

CAPACITORS. DIODES.
INCORPORATED

RECTIFIERS. RESISTORS,

SEMICONDUCTOR NETWORKS,
SILICON CONTROLLED RECTIFIERS 13500 N. CENTRAL EXPRESSWAY
P. O, BOX 5012 « DALLAS 22, TEXAS




CALIBRATED

Thermistor
Mounts

For Greater Accuracy
in Power Measuring Systems

Model 675-A

Coaxial Thermistor Mount

The Model 675-A is a 200 ohm therms=
istor mount for use in the 100 to
4000 mc range. Its extremely long
thermal time constant virtually elim-
inates effects of ambient tempera-
ture changes. Calibration factor is
supplied to an accuracy of 2% at
400, 1000 and 1500 mec.

Models 811,
813 and 815

X-Band Power Standard

This 200 ohm thermistor mount-
coupler-temperature chamber com-
bination operates over any specified
200 mc band between 8.2 and 11.2
kmec. The thermostatically controlled
constant temperature chamber elim-
inates effects of ambient tempera-
ture changes. An NBS test report is
supplied giving the calibration fac-
tor to an accuracy of 1%.

Precision Power Bridges
Weinschel Engineering also manue
factures precision power bridges for
use with these thermistor mounts,
These bridges give accuracies to
0.19% of substituted power.

For complete specifications:
Write for Weinschel Bulletin #386

WEINSCHEL

ENGINEERING
KENSINGTON, MARYLAND
©49-0141 (Code 301)
TWX:KENS 446

L
Santa Monica,
631 Wilshire Boutevard,
TWX: SMON 7185

14 CIRCLE 14 ON READER SERVICE CARD

2o
-

WASHINGTON OUTLOOK

ARMY has tentative approval to begin production in fiscal year
ending July, 1963, of long lead-time components of Bell Telephone
Labs’ Nike Zeus anti-ICBM system. Preliminary estimates of
next year’s defense budget earmark $383 million for Nike Zeus
(photo). This is $130 million more than the project’s current
budget.

-

A final decision on Zeus’ future will depend on operational-type
tests scheduled for next spring in the Pacific. The Army’s cur-
rent Zeus plan calls for systems to protect six major metropolitan
areas. Each would consist of a control center and two missile
batteries. Production costs would total about $3.1 billion over
the next five years.

PRELIMINARY defense budget for next year also includes
funds to begin development of a new tactical ballistic missile,
to speed development of Minuteman ICBM railcar system and
to substantially increase production of Dougzlas Aircraft’s A-4D
attack plane.

The new missile will Rave a range of about 750 miles and will
be deployed by NATO forces. Whether the Army or Air Force
will be in charge of development is undecided. A-4D has been
tentatively selected as air support plane for Army ground forces
until the next-generation TFX fighter is developed under an
Air Force-Navy joint project.

EARLY estimates of next year’s defense budget total $53.7
billion, some $2 billion over fiscal 1962 appropriation. However,
odds are that in January the Kennedy administration will seek
a supplemental appropriation for the current year.

Military contract awards for this year add up to at least $24.5
billion—about $3 billion over last year. The services have been
authorized to place $25.4 billion worth of orders for production,
R&D, and construction.

In the quarter ending September 30, awards went over $6 bil-
lion, up about $1 billion from the previous quarter, the heaviest
rate of defense contracting since Korea. Over the next two
quarters, the rate will be close to $6 billion, then will shoot well
over $6.5 billion in the April-June quarter.
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This precision DC VTVM 1is also
a wide range, precision ohmmeter and ammeter!

1% accuracy
100 nv to
1,000 volts!

Also 2% accuracy, 1 pa to
1 amp full scale.

Measures 0.02 ohms to
5,000 megohms.

No zero adjustment. Fast
warm-up.

—— \‘_....—-»—-’. Floating chassis. $1,000 worth

of convenience for $400!

Haven’t you wished for one compact, simple in- maximum readability and overlap. The ohmmeter
strument that would make precision dc voltage, is a modified Kelvin bridge eliminating lead resist-
dc current and resistance measurements over a ance error; you measure resistance accurately on
wide range? hook-up wire sections as short as 6”.

The & 412A is it! In its VIVM circuit, the = Model 412A also includes a2 1 v or 1 ma recorder
412A uses an exclusive % photo-chopper instead output, and 3 separate probes. Call your & rep
of old-style mechanical vibrators—no drift, no 60 today for a demonstration on your bench. Price,
cps pickup. Input is floating, with resistance in- $400.00.
creasing from 10 megohms on the 1 mv range to
200 megohms on ranges above 100 mv. Current
and voltage ranges have a 10 db sequence for

HEWLETT-PACKARD COMPANY
1001A PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A.
CABLE **HEWPACK'* * DAVENPORT 6-7000

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

———

& 400L 1.OGARITHMIC ® 400H PRECISION - % 400D WIDE RANGE
VOLTMETER—$325 VOLTMETER—$325 VOLTMETER—$250

voltmeter covers 10 cps Extreme accuracy as high Highest quality, extremely
to 4 MC; accuracy high as as +1% to 500 KC, 2% to versatile. Covers 10 cps to
+27 of reading or 1% of 1 MC, £5% full range. Fre- i 4 MC. Highly sensitive, ac-
full scale. Voltage range

2 quency coverage 10 cps to curate to within +2% to 1
0.3 mv to 300 v, 12 ranges, 1-3-10 se- 4 MC. Large 5” meter with precision MC. Measures 0.1 mv to 300 V; max.
quence. Max. full scale sensitivity 1 mv. mirror scale. Voltage range 0.1 mv to full scale sensitivity 1 mv. Reads direct
Large 5” true log voltage scale, linear 300 v; max. full scale sensitivity 1 mv. in dbm. High 10 megohm input imped-
12 db scale, generous overlap. High sta- High 10 megohm input impedance mini- ance virtually eliminates circuit load-
bility, high input impedance. Also use- mizes circuit disturbances. Amplifier ing. 56 db amplifier feedback insures
ful as amplifier for small signals, or with 56 db feedback insures lasting high stability and freedom from change
to monitor waveforms. stability. Reads direct in db or volts. due to external conditions.

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

5028

complete precision voltage measuring equipment
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FOR MILITARY
& COMMERCIAL
SYSTEMS...

COMPONENTS FROM

where rotation has been
a science for 20 years!

At EAD, rotation has been a science since the
early days of electronics. .. 20 years ago...when
EAD first specialized in the design and produc-
tion of miniaturized rotating electrical equipment.

For the designer of military or commercial sys-
tems, this experience combined with EAD’s single-
minded insistence on constant product improve-
ment, means a line of standards and specials to
meet the most critical of today’s demands.

Rotation Is A Science At
EASTERN AIR DEVICES, Inc.

A DIVISION OF NORBUTE CORPORATION
397 Central Ave., Dover, New Hampshire

Send us your specifications. Let us submit our proposal
without obligation...Our service Is as rellable as our productsl
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MOTORS

Fractional, sub-fractional. Induc-
tion and hysteresis types with as-
sociated gear reductions. Available
in 50, 60, 400 cycles, single, dual
and variable frequency, dual volt-
age. Single-, two-, three-phase
operation. Horsepower from
1/3500 to Y. Dia. from 1" to 65",

ALTERNATORS

From 1” to 6%" diameters. Power
to 1000 VA. Wide frequency range,
Low harmonic content. Sine waves
with maximum 29 total distor-
tion. Single-, dual- (sine-cosine),
three-phase. Dua! frequency units,
for special applications, produce a
combination of frequencies.

SERVO MOTOR
GENERATORS

Avail. in Sizes 8, 10, 11, 15 & 18.
Damping servo motor generators
(tachometers) and temperature
compensated, integrating tachom-
eters — supplied as tachometers
only or with integral servo drive
motor. Special voltages, scale fac-
tors and different compensation
characteristics can be provided.

SERVO MOTORS &
INERTIALLY DAMPED
SERVO MOTORS

The basic actuating devices in AC
automatic control systems. Pro-
vide dynamic response, reliability
in extreme environments and high
efficiency. Supplied with leads or
terminals, with special voltage and
power ratings and with precision
gear heads for any reduction ratio.
Sizes 8, 10, 11, 15 & 18.

BLOWERS & FANS

Light weight centrifugal blowers,
ring mounted fans and vane axial
fans. Capac. to 1000 cfm. Special
designs available for high static
pressures. Single, double ended,
50, 60, 400 cycles, special frequen-
cies and variable frequency (50-
450 cycles, 360-1600 cycles, etc.)s

electronics



WHO SAID IT COULDN'T BE DONE?_

o T e — g
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Resistor and Pencil
Enlarged 6 Times

OHMITE'S

NEW ONE-WATT

Vitreous-Enameled

Resistor
With Axial Leads

Lots of people thought this tiny *“1-watter”” was impossible. But here
it is. And for the first time in this power rating, circuit designers can Now
get all the advantages of a wire-wound, vitreous-enameled resistor 4
with axial leads—high temperature operation, up to 350°C; +59, .
tolerance; low temperature coefficient; low “noise” level; stability; Sizes
and strong, welded construction.

Construction is the same as Ohmite’s 3, 5, and 10-watt sizes—in-
cluding ceramic core, uniform winding, tough Ohmite vitreous
enamel coating, and traditional Ohmite reliability.

Resistance values range from 1 to 6000 ohms. But you can find
out all about this exclusive Ohmite development by writing for.
Bulletin 147. Do it now!

COMPANY

3610 Howard Street
Skokie, Illinois

OHMITE MANUFACTURING OHMITE

NEW
1-WATT || 3-WATT || 5-WATT 10-WATT

Rheostats Power Resistors

Precision Resistors Variable Transformers
Tantalum Capacitors Tap Switches

Relays R.F, Chokes

Germanium Diodes Micromodules

L L

ALL FOUR FROM STOCK
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Chemical Division 3%

No hoses, seals or pumps! FC-75
Coolant helps reduce “"cube” of
new welding transformer by 75%

Electrical resistance welding
of tubing has been greatly im-
proved by 3M Brand FC-75
Inert Fluorochemical Liquid
Coolant. The Yoder Company
has introduced a welding
transformer using FC-75 that’s
only !4 as large as previous
models—yet can raise tube
output as much as 60%!

The original water-cooled
transformer required hoses,
seals, and pumps: FC-75 elim-
inated these accessories. One
water-cooled transformer was
a 3 foot cube in size. The new
comparable transformer now
measures only 9” x 21”7 x 36"!
The transformer primaries and
cores are submerged in FC-75.
As heat builds up, the coolant
liquid vaporizes, carries heat
to the transformer case, con-
denses, and returns to the
liquid state.

A secondary conductor sys-
tem is eliminated, secondary
impedance is greatly reduced,
and current travels directly
from the transformer to the
electrode. For example, on
one size, ampceres are up from
41,000 to 51,000, increasing
performance. Less input,
smaller generator, motors and
starters are required.

With FC-75 coolant, the
Yoder Transformer can be
pushed to capacity, with safe
internal temperatures of 300°
F! Corrosion and short cir-
cuiting are practically impos-
sible. Units designed to take
advantage of FC-75 coolant
offer you compactness, more
efficiency and less mainten-
ance. See the Properties Pro-
file for full specifications. And
write us today for more infor-
mation on FC-75 and FC-43.
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PROPERTIES PROFILE
on

3M INERT LIQUIDS

BRAND

FC-75 and FC-43

These unique dielectric coolants possess unusual
properties that can prove advantageous to the
designer of electrical devices and instruments, as
well as to the manufacturer. Increased range of
operating temperatures, improved heat dissipation
which permits miniaturization, and greatly in-
creased protection from thermal or electrical over-
load are possible with their use.

FC-75 and FC-43 are non-explosive, non-flam-
mable, non-toxic, odorless and non-corrosive.
FC-75 is stable up to 750° F., FC-43 to 600° F. Both
are completely compatible with most materials . . .
well above the maximum temperatures permissible
with all other dielectric coolants. Both are self-
healing after repeated arcing in either the liquid or
vapor state.

ELECTRICAL PROPERTIES

FC-75 FC-43

Electrical Strength 35KV 40KV
Dielectric Constant

(1to40KC @ 75°F) 1.86 1.86
Dissipation Factor

(1000 cycles) <0.0005 <0.0005

TYPICAL PHYSICAL PROPERTIES

FC-75 FC-43
Pour Point <—100° F. —58°F.
Boiling Point 212°F.  340°F.
Density 1.77 1.88
Surface Tension (77° F)

(dynes cm) 15 16
Viscosity Centistokes 0.65 min. 2.74
Thermal Stability 750°F.  600°F.
Chemical Stability Inert Inert
Radiation Resistance 25% 5%

change @ change @
1x108 1x108
rads rads

FC-75 and FC-43 have nearly equivalent heat capac-
ities in the liquid and gaseous states.

For more information on FC-75 and FC-43, write
today, stating area of interest to: 3M Chemical
Division, Dept. KAX-101, St. Paul 6, Minn.

MINNESOTA MINING E MANUFACTURING CO. 3!!!

electronics
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Now only from RCA

RCA 2N1708

World’s First

PLANAR

S1licon vy Switching Transistor

In the miniature T0-46 Package

ft

mmeamewss  planar-epitaxial

40% ul 1018 Headroom

PLANAR CONSTRUCTION for excellent
stability, high reliability. Collector cut-
off current reduced by a factor of 20 to
1 over mesa types. Uniform beta over
a wide current range. Maximum storage
temperature—300°C.

EPITAXIAL CONSTRUCTION for low
saturation voltage and improved switch-
ing times.

MINIATURE CASE for extremely high
density packaging. Uses same lead ar-
rangement as TO-18 package but re-
quires only 40 % of the TO-18 headroom.

BROAD SILICON LINE The new
2N1708 planar-epitaxial transistor is
another example of RCA’s advanced

silicon technology, application-oriented
to today’s performance and miniature
packaging requirements. The 2N1708
complements the other RCA silicon
planar switching transistor types: USA
2N706, 2N706, 2NT706-A, 2N708,
2N696, and 2N697.

Check the data on these outstanding
RCA types. For information on RCA
computer transistors and multiple
switching diodes, call your RCA Field
Representative. All these types are im-
mediately available in quantity. For
further technical information, write to
RCA Semiconductor and Materials Di-
vision, Commercial Engineering, Sec-
tion J-18-NN-4, Somerville, N. J.

RCA SEMICONDUCTOR & MATERIALS DIVISION—Field Offices. .. EAST: Newark, N. J., 744 Broad St., HUmboldt 5:3900 « (Cam-
den, N. J. area) Erlton, N, J.,, 605 Marlton Pike, HAzel 8-4802 + Syracuse, N. Y,, 731 James St., Room 402, GRanite 4-5591 «
Baltimore, Md., ENterprise 9-1850 + NORTHEAST: Needham Heights 94, Mass,, 64 “A" St, Hlllcrest 4-7200 » SOUTHEAST:
Orlando, Fla., 1520 Edgewater Drive, Suite #1, GArden 4.4768 « EAST CENTRAL: Detroit 2, Mich,, 714 New Center Bldg., TRinity
5-5600 « CENTRAL: Chicago, IIl., Suite 1154, Merchandise Mart Plaza, WHitehall 4-2900 » Minneapolis, Minn., 5805 Excelsior
Blvd., WEst 9.0676 « WEST: Los Angeles 22, Calif., 6801 E. Washington Bivd., RAymond 3-8361 « (San Francisco area) Burlin-
game, Calif,, 1838 EI Camino Real, OXford 7-1620 « SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, FlLeetwood 7-8167 »
GOV'T: Dayton, Ohio, 224 N. Wilkinson St., BA 62366 » Washington, D.C., 1725 “K" St.. N.W., FEderal 7-8500.

Available Through
Your RCA Distributor

- RCA announces the 2N1708, first and fastest silicon
computer transistor in the TO-46 package

RCA 2N1708

CHARACTERISTICS TEST CONDITIONS

Vea = 15volts; le = 0

vCE = 10 volts;
Vae = 0.35 volts;
Free-air Temp. = 100°C

lc”lﬂlll;l.|'ull
Igy = 10 ma;

lc = 10 ma; Iy, = 3 ma;
la; = 1 ma; Ve = 3 volts

40 nano-
seconds max,

k'lﬂﬂ;lg,"Slﬂ;
ls; = 1 ma; Vec = 3 volts

75 nano-
seconds max.

The Most Trusted Name in Electronics

RADIO CORPORATION OF AMERICA
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NEXT TIME ... USE TINY

Rlue Jacket

WIREWOUND RESISTORS

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

* All-welded end-cap construc-
tion with special vitreous-en-
amel coating for total protec-
tion against humidity, mechan-
ical damage, heat, corrosion
gives long-term dependablllty
under severe environmental
conditions

* Available in resistance toler-
ances as close as = 1%

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

Tiny axial-lead Blue Jackets are

specially designed for use with

conventional wiring or on print-
ed boards in miniature electron-
ic assemblies. Write for com-
plete technical data in Sprague
Engineering Bulletin 7410B.

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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Competition Stiffens Abroad

WORLDWIDE ELECTRONICS market
survey now in progress is pointing
out some of the strengths and weak-
ness of U.S. sales prospects in
many smaller nations.

Conducted by the Business and
Defense Services Administration of
the Department of Commerce, the
survey so far covers sixteen na-
tions. It concerns itself with the
market for U.S. microwave, for-
ward scatter and other radio com-
munications equipment and radar.
Nations covered to date range from
such heavily industrialized coun-
tries as West Germany to Nepal,
where telephone equipment in out-
lying regions is sometimes stolen
by hill tribesmen.

On-Spot Surveys

Tougher competition is clearly
ahead for the U. S. communications
and radar equipment manufac-
turers, according to the report. In-
formation disclosing this comes
from on-the-spot observations by
U. S. consular and embassy officials
at the request of BDSA’s Electron-
ics Division. Primary reasons for
the U. S. missing sales are initially
higher prices for U.S. products,
tariffs unfavorable to U.S. manu-
facturers and government prefer-
ence for domestic equipment.

Austrialia, for example, has a
protective duty of 45 percent ad
valorem on U.S. radar gear. Brit-
ish equipment is subject to a 273
percent duty. Although imports of
radio and radar gear by a govern-
ment department or branch of the
armed forces are duty free, some
departments insist on price quota-
tions that include the duty, making
that the tender price.

The rising Australian market for
transmitting equipment which went
from $300,003 in 1959 to more than
$2 million last vear saw United
Kingdom sales in 1960 of $1,870,-
570; other Commonwealth nations
selling $11,124 and U.S. sales
amounting to $235,583. Sales fig-
ures for components and tubes were
in about the same ratios.

In the Federation of Rhodesia

and Nyasaland, U.S. radio com-
munications and radar equipment
are subject to a five precent duty.
Commonwealth imports enter free.
In addition, a marked preference
is shown for British equipment.
Similar conditions prevail in the
Union of South Africa where duty
on U.S. imports are set at 15 per-
cent as against 5 percent for the
United Kingdom.

Swiss Buy in Europe

In Switzerland, where almost all
communications are government
operated, the marked preference
attitude is also evident. In some
categories of equipment which
Switzerland does not produce, U. S.
gear has nearly priced itself out of
the market with the result that
most broadcast and tv sales go to
West Germany. The Netherlands
is in second place.

In almost all the nations covered
by the survey, consular observers
say sales obstacles can be minimized
by working closely with local offi-
cials, by establishing top-notch
sales and engineering branch
offices and whenever possible estab-
lishing production facilities that
form an integral part of the foreign
nation’s economy.

Sales Reps Needed

The Swiss consular office, for ex-
ample, says potentialities of the
Swiss market can be realized fully
only if manufacturers maintain a
sales representative in Switzerland.
He must be familiar with the needs
of Swiss users and the government
department that operates the com-
munications systems. The high
reputation U.S. products enjoy in
almost all the nations surveyed
often helps sales prospects if ade-
quate planning is done.

The report indicates that simple
communications systems are in de-
mand in economically underde-
veloped nations. In nations of
higher economic development, more
complex communications equipment
is required.

In Mozambique, Kuwait, Nepal

electronics



and South Africa, for example,
most purchases of communications
equipment are confined to two-way
radio telephones. The majority of
users sre municipal, mostly police.

Where U. S. equipment is already
in use, the chances for continued
sales seem to be improved. In Ber-
muda, for example, where tariffs
are preferential for British equip-
ment some 80 percent of the com-
munications equipment is U.S.

In some of the more economi-
cally advanced nations, even those
capable of manufacturing their own
two-way equipment, U.S. equip-
ment can be sold. One reason for
this is that with the onset of more
complex operations, spectrum
crowding begins to be a problem.
New frequencies are authorized
before equipment exists locally to
meet the new requirements. In the
Netherlands, for one, crowding in
the low bands has led to new mar-
kets for two-way equipment above
400 Mec.

Radar sales and large communi-
cations installations abroad are
being made mostly for harbors and
rirports. In many cases, the com-
plexity of a nation’s economy is
independent of sales possibilities,
according to the report. Improved
harbor and air terminal facilities in
such cases are part of the nation’s
improvement programs and the
electronic equipment used in such
operations becomes a working toal
aiding the nation’s growth.
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OVENAIRE

IMPONEN
VEND

OFFER
DESIGN ENGINEERS

NOUE =/
RSATILTY -

This new line of component ovens
makes it possible for the

design engineer to control the
temperature of high precision electronic
components and packaged modules.
These ovens cover a wide range of sizes
and temperature stabilities.

All units are available in all standard
temperatures and voltages.

Ovenaire’s many years of design experience
plus a large inventory of basic parts makes
it possible for us to move with speed

on special requirements.

® Component boards for prototype or production
requirements are available on all models.

f

DESIGNEDCQRODUCED by

over\aire

® 706 FORREST ST. CHARLOTTESVILLE, VIRGINIA
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Today it would take ten super-klystrons to generate more than
a megawatt of average power. But now Eimac is ready to do it

22 electronics



with one.

Today, the most powerful klystron available can
produce 100KW of average power. But now Eimac
is ready to develop a klystron with ten times this
capability...a klystron that can generate more than
one megawatt of average power!

Impossible ? Not for the company that’s designed,
financed and built the world’s largest high voltage

October 27, 1961

DC power supply (325,000 volts at 10 amps steady
current). Not for the company that’s made more high
power klystrons than any other manufacturer. Not,
in short, for Eimac. Write for information about this
super-klystron capability to: Power AN
Klystron Marketing, Eitel-McCul- @
lough, Inc., San Carlos, California. <
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" Bendix Craftsmanship at work for you !
. o

- 4 =

AVAILABLE TYPES
Solenoid Focused

Type TWO-88 with frequency range of 39 Gc to 40 Ge
Type TWO-75 with frequency range of 40 Ge to 50 Ge
Type TWO-67 with frequency range of 49 Ge to 59 Ge
Type TWO-82 with frequency range of 50 Gcto 60 Ge
Type TWO-66 with frequency range of 61 Gc to 71 Ge
Type TWO-83 with frequency range of 65 Gc to 75 Ge
Type TWO-85 with frequency range of 70 Gc to 85 Gc
Type TWO-87 with frequency range of 85 Gc to 100 G
Type TWO0-90 with frequency range of 100 Gc to 120 Ge
Type TWO0-93 with frequency range of 120 Gc to 140 Ge

Available now permanent magnet focused type TWO-89
with frequency range up to 180 Ge

L B A4 A

LARGEST LINE OF MILLIMETER WAVE LENGTH BWO Bendix® BWO tubes

for higher frequency transmission. These Backward-Wave Oscillator Tubes
_exclusive with Bendix—generate microwave energy over the largest
continuous frequency range. Ideal for advanced multichannel telephone
and television systems, microwave spectroscopy, high definition short range
radar, highly directive communications, and many other applications
needing low power, voltage-tuned millimeter wave length radio frequency
energy. Write today for complete information. Electron Tube Products,
The Bendix Corporation, Eatontown, New Jersey.

ELECTRICAL DATA MECHANICAL DATA
Frequency Range................. 30 Ge-180 Ge (see specific type) Output Flange............. Special adapter to RG-98/U (50-75 Gc)
Anode VORRAEE . . . .ovivnureviirinreeneanaranns 1000-4000 volts Maximum Diameter.... ... .........ceeiiiiiiiiiiiiiiiiias 0.625"
Power Output. .. .Up to 20 mw average (depending on frequency) [T 1 T-11 1 T R 8"
Beam CUrPPENt. ... o ottt an oo 10 MA Mounting Position......... P —— W Any
Magnetic Field. .. .. oooeniiinniieneioiencrniaanes 2000 gauss WEIBHE. ..o ittty 5 o0z.*
Heater VOItABE ... ...vvveierennrnnsieiiinesenancaaernens 6.3 =10% *Without magnet (tube only). Magnets are available.

Red Bank Division

CORPORATION
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Now measure direct
capacitance at 60 readings
per minute, dissipation

factor to 20%

Capacitors in production quantities can now be tested quickly and accurately with the new high

speed, all electronic, El Model 6150 Digital Capacity Meter. MODEL 6150 SPECIFICATIONS

Capacitance or dissipation factor is automatically measured at 60 Test frequencies: 120 and 1000 cps
readings per minute and higher, and the result digitally presented Capacitance range: .01 ppfd to 1000 ufd
both visually and in coded form for direct driving of printing devices. Capacitance accuracy: .19 of reading *1 digit

Readings are actual values. Possibility of human error has been
reduced to a minimum.

Completely Automated Systems—The EI Model 10003 Capacitance
Monitoring System, shown above, combines the Model 6150 with a
digital printer to provide a simple, low priced, automatic capacitance

referred to the standard capacitor
Capacitance resolution: .019, of full scale
Speed of measurement: less than 1 second
per parameter

Al silan. Dissipation factor range: .019, to 20‘7(2;,
Applications include production lines of capacitor manufacturers, Dissipation factor resolution: .01% [C x}
military component evaluation programs, receiving inspection test g c
areas and other uses where large quantities of capacitors must be Dissipation factor accuracy: .05% + .01 [ i]%
ok r I Ct.s.
tested quickly and accurately. *1 digit
Ask your nearest EI field engineer for complete information on the Internal polarizing supply: O to 20 volts dc¢
new EI Capacity Meter. He is thoroughly qualified to help with your Voltage across unknown: 300 mv to 30 mv

component testing problems,

Another significant breakthrough in digital instrumentation from

Electro Instruments, Inc. /l

!
8611 BALBOA AVENUE, E‘ SAN DIEGO 11, CALIFORNIA

Engineers: Challenging opportunities now available. Contact Mr. Haryvey Fleming,



Britain’s Computer Men Seek Sales

By DEREK BARLOW
McGraw-Hill World News

LONDON—Britain’s computer indus-
try is consolidating as emphasis
switches strongly from machine de-
velopment to sales drives. This was
the predominant theme this month
at the Second British Computer
Exhibition. Prominent too was in-
creased activity by U.S. firms en-
tering the British computer market.

Despite the presence of twelve
computer manufacturers in the UK,
sales are slow. Only some 350 ma-
chines are installed compared with
over 1,000 on the rest of the conti-
nent. Reasons vary from tradi-
tional British conservatism to lack
of government support.

The industry feels that that sit-
uation is on the upturn, but slowly,
Indicative is the new government
computer investment program of
$45-60 million over the next ten
years. Program includes installa-
tion of EMIDEC 2400’s to handle
the state pension scheme involving
26 million persons and to control
provisioning for 200,000 items of
British Army motor transport
spares. An AEI 1010 computer will
control all Air Force stores.

In general, firms have few instal-
lations for the number of computer
models developed. a position that
may bring some rationalization
among manufacturers. Here is how
some manufacturers report sales:

e ICT—over 60 orders for their

1301, totaling $1R million.
e English Electric—nine sales
of their new high speed KDF
9 a month after introduction.
e Ferranti—total sales exceed
100 machines including three
$6 million Atlases.
e IBM—1401 orders top 100.
e Elliott—over 70 sales of the
803, including 10 to U. S.

British computers emphasize the
expandable system. Typical is the
Leo 111 computer developed by Leo
Computers Ltd. Price tag lies be-
tween $300,000 to $700,000 ac-
cording to system complexity. It
computes to any desired radix, time-
shares up to eight programs, incor-
porates microprogramed logical
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Dozens of computers and system mode

—

Is fill main floor and balct;ny of

exhibition hall as salesmen wait for day’s flow of visitors

control plus an expandable core
store of from 2,048 to 34,768 words.
Addition and subtraction times are
36.5 and 33.5 microseconds for 10-
digit sterling numbers. Character
generators display the register
contents on a crt screen.

In much the same class is the
AEI 1010 parallel machine with an
18 microsecond add/subtract time.
A central control unit controls sim-
ultaneous operation of up to 34 on-
line peripheral units.

Ferranti offers nine machines
including Atlas, which performs a
million complete instructions a sec-
ond and has an 0.3 microsecond ac-
cess time fixed store. Others are
the Orion timeshared 36 microsec
add/subtract fixed point machine,
a small $5,000 Sirius decimal ma-
chine with punched tape input/out-
put, the earlier Pegasus 1 and 11
machines, the high speed scientific
Mercury machines, Argus process
control computer and Apollo for
flow automation.

Three new models from English
Electric include an anglicized ver-
sion of the RCA 501 and a new fast,
general purpose, parallel machine,
KDF9, providing a one microsecond

add/subtract time. Feature of the
system is a nesting store designed
so that incoming data is available
on a “last in, first out” basis. The
store comprises sixteen registers
holding a column of data items. In-
coming data joins the column at the
top and displaces all other items
down one place. Information is
transferred out the top. This
speeds data location. System also
includes time sharing of four pro-
grams.

Third model is the process con-
trol KDN2, as vet unsold. Designed
from standard logic building blocks,
this small serial machine is de-
gsigned as a slave unit operating
at 6,000 instructions a second.

Visible at the show was increased
emphasis on low-cost simple edp
syvstems. A Creed Ltd. system,
priced at $18,000, is completely elec-
tro-mechanical. Designed specific-
ally for sales order transactions,
pushbutton keyboards record sales
orders, retrieve stored data from a
punched tape memory system and
initiate price calculations.

Another system for sales order
and invoicing transactions uses a
small time sharing computer devel-

electronics



oped by Pye Ltd. This provides
simultaneous sterling calculations
on invoices being prepared by six
electric typewriters.

Data links too are on the increase,
the British Post Office announcing
the granting of type approval to
three basic systems developed by
IBM, Bendix-Ericson and Auto-
matic Telephone and Electric Co.
Currently undergoing final develop-
ment are associated error detection
circuits to reduce the error rate on
British post office teletype lines.

Shift registers in the error de-
tector store the transmitted infor-
mation. Received signals are re-
turned to the transmitter. Any dis-
crepancy between transmitted and
received signals stops transmission.
The system will reduce the number
of undetected errors to one in 10°
characters.

Trend in computer components

and circuits is towards smaller
cores and faster circuits with in-
creased branching factors.

Typical is a high-speed logic cir-
cuit developed by Mullard with a
branching factor of 30 and a delay
of only 30 millimicroseconds per
stage. The circuit uses alloy dif-
fused transistors.

Another Mullard logic circuit ob-
tains a stage delay of only eight
millimicroseconds and a branching
factor of three using only one
transistor and diode.

Single core per bit memory sys-
tems with better than two micro-
seconds cycle time are now being
offered by Plessey as standard pack-
ages. Store capacities vary from
1,024 up to 16,384 words of 56 bits.
Cores are 0.050 inch and access time
is 0.35 microseconds.

Under development are 50 nano-
second tunne! diode memories and

superconducting stores using con-
tinuous film, for missile applica-
tions. Typical examples shown by
Mullard and Plessey achieve a 300
to 400 a cubic inch component den-
sity. Circuits are formed by vacu-
um deposition. Silicon monoxide
and aluminum form the capacitors.

Some eyvebrows were raised by
RCA licensing agreements. English
Electric gets a one-shot manufac-
turing and sales rights deal for the
RCA 501; Compagnie des Machines
Bull will revamp and sell the 301;
International Calculators and Tabu-
lators Ltd. gets knowhow which ap-
parently will allow it to develop a
301-type machine. Also moving in
on longer established firms such as
IBM and National Cash are Honey-
well—sending its first 800 in Janu-
ary—and Clary, whose DE 60 will
be marketed by Block and Anderson
Ltd.

Russians Building Huge Radiotelescope

SOVIET UNION i8 nearing completion
of the east-west arm of a large
cross-shaped radio telescope. The
device is located outside Moscow at
the radio astronomy station of the
Lebedev Institute of Physics of
the USSR Academy of Sciences.

Each arm is one kilometer long
and 40 meters wide. An arm con-
sists of 37 towers, spaced at ap-
proximately 28.57-meter intervals.
Each tower is 22 meters high and
supports a 40-meter parabolic truss.
The 1-Km-long radio mirror is
formed by stringing 430 parallel
wires along the trusses the length
of the arm.

Each parabolic cylinder arm con-
stitutes 40,000 sq meters of effec-
tive surface area. It can be turned
toward the required part of the sky
at a command from the control
panel.

The University of Sydney Radio
Astronomy is planning a telescope
with longer arms (1 mile or
1,609.334 meters) but not as wide

Rocker-like mounts of parabolic
arms turn antenma on command
from control panel (Sovfoto)

as the Soviet instrument (40 ft or
12.192 meters).

The longer dimensions of the
Australian telescope will provide
greater resolution than the Soviet
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device while the greater area of the
Soviet telescope will provide greater
gain. For this reason, the Soviet
telescope will probably investigate
natural celestial radiation.



First Synchronous Satellite Goes Up in 62

NASA’S FIRST ATTEMPT to place a
satellite into a high-altitude (22,-
300 mi) orbit, syvnchronous with
the rotation of the earth, will take
place during the last quarter of
1962. The satellite will be the Na-
tional Aeronautics and Space Ad-
ministration’s Syncom, an experi-
mental active communications relay
station, to be built by Hughes.
Although ultimately high alti-
tude satellites will hover one spot
on the earth, the first series of
Syncom satellites will not be in sta-
tionary orbit. They will move in an
elongated figure-eight pattern 33
deg north and south of the equator
over a given longitude over the At-
lantic Ocean during a 24-hr period.
To achieve this orbit, a control

- COMMUNICATIONS
ANTENNA

VERNIER
ROCKETS -

NITROGEN
GAS JETS ~=

v
TELEME TRY
ANTENNAS

system developed by Hughes will
be activated after the three-stage
Delta vehicle has spun up to about
160 rpm and boosted the spacecraft

Haystack Hill Research Antenna

Model by North American Awviation shows how Haystack Hill near
Tyngsboro, Mass. will look when completed at end of 1962. The research
antenna will serve as test bed for development of large transmitting and

receiving equipment for satellite relay systems.

As impressive as its

size, 120 feet diameter, is its planned precision: Distortion is not to exceed
0.075 inch over its entire quarter-acre of area. Lincoln Labs. which has
a major role in design and construction, will manage the facility for the

Air Force

28

to synchronous altitude. If all goes
well, this should occur off the south-
east coast of Africa about 5% hrs
after launch. The apogee rocket
motor in the satellite then will be
fired to give the vehicle sufficient
velocity to place it in a nearly cir-
cular synchronous orbit.

The angular velocity of the satel-
lite will be slightly less than the
earth’s rotation, and Syncom will
drift back westward to a specified
longitude over the Atlantic. Ver-
nier rockets and gas jets will be
fired to achieve near-synchronism
with the earth, orient the satellite
and adjust the orbit. These control
jets can be used during the Syn-
com’s life to correct changes in the
orientation or orbit should they
occur.

Syncom will be cylindrical, 25 in.
high, 28 in. dia., and weigh about
55 1b, excluding the attached solid
propellant apogee rocket motor.

Solar angle sensing cells, located
on the side of the cylinder, provide
information via telemetry, in real
time, from which necessary adjust-
ments in orbiting and orienting the
satellite will be made by command
from the ground.

The shell will carry an array of
3,960 solar cells to supply power
and to charge nickel-cadmium bat-
teries. The system is designed to
provide 20 w of power at 27.5 volts
for one year.

Duplicate telemetry and commu-
nication systems (including com-
mand systems) are provided for re-
dundancy. The communication
system operates on a power of 2 w.

A slotted array antenna project-
ing from one end of the spacecraft
will receive and transmit the tele-
phone and telegraph communica-
tions. Four whip antennas will be
used to transmit telemetry data.
These are attached at the opposite
end of the spacecraft, projecting
outward 90 deg apart in turnstile
fashion.

Communication signals, tele-
phone and telegraph, will be sent
to the satellite at 7,500 Mc. The
signal will be amplified by a light-
weight traveling wave tube and
retransmitted to the ground on
1,850 Mc. Telemetry will be on 136
Mc. In addition to relaying real-

electronics



time data on the attitude of the| ﬁ_

satellite, information will be te-
lemetered relating to the solar cells, |
the communication systems, jet re- |
action system, and spacecraft tem- |
perature.

Ground facilities for Syncom will
be Army’s Project Advent stations.
The Army Advent Management
Agency will conduct the communi-
cations experiments in cooperation
with NASA.

Next year will be a big year for
communication satellites. AT&T’s
Tel-Star, active relay, will be
launched into an elliptical (600
mi — 3,000 mi) orbit in the second
quarter; Army’s Advent will be put
into a 6,000-mi orbit in the sum-
mer; NASA’s Relay (being built by
RCA) in an elliptical (900 mi -_|
3,000 mi) orbit in the third quar-
ter; and Syncom in the fourth. A |
passive Echo 100-ft balloon will go l
into a 700-mi orbit some time in
1962,

Gamma-Ray Messages
Might Work in Space

GAMMA RAYS are a nuisance by-
product of nuclear reactors, re- |

quiring heavy shielding for protec- | 3

tion of men and sensitive materials.
But in space, they may provide a
source of communications power
“for free”. So thinks J. W. Earkens,
of Aerospace Corp. Gamma rays in
space would not be scattered and
absorbed as in the atmosphere.
Using gammas from nuclear power
systems for spacecraft would avoid
special electric power sources and
wave generating equipment.

Breadboard Kits Give
Students Lab at Home

TAKE-HOME LABORATORIES for elec-
trical engineering students are now
on full-scale trial for 200 juniors
at MIT. Designed by Prof. Rich-
ard D. Thornton, the book-sized cir-
cuit kits allow students to do lab
work at home and relieve strain on
laboratory facilities. Students
bring home-wired circuits into the
lab for measurements and observa-
tion. A three-inch oscilloscope is
being developed to supplement the

| ',_;(

breadboard kit.
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3 Photomicrograph courtesy of Dr. Kenneth T. Brown

Pl RECORDER
TAPES THE TWINKLING OF AN EYE There are transducers in the

retina of the eye more sensitive than any yet devised by science. When light falls upon the rods and
cones, electrical potentials are generated and transmitted by way of other cells to the brain.

To record the potentials from cells at various depths in the retina, a neurophysiology laboratory in
San Francisco uses a Pl magnetic tape recorder with FM electronics. For analysis or classroom in-
struction, the tape recordings can be played back repeatedly, at fast or slow speeds, into oscilloscopes
or pen recorders. The model PS-207 used by this laboratory is a 7-channel high performance instru-

mentation type recorder, yet is fully portable—only 65 pounds—and rugged enough for industrial use.

Other medical uses of this instrument include the recording of heart sounds, pulse pressures,
EKGs, and electromyograms. It can be taken direct to the patient or project, without signal trans-
mission line loss. Voice commentary may be recorded along with the variables under study. For
details, write for the current PI brochure.

PRECISION INSTRUMENT COMPANY
101l Commercial Street ¢ San Carlos California
Phone LYtell 1-444| . TWX: SCAR BEL 30
Representatives in principal cities throughout the world




~eliminate
work
| marking

y

with a DI-ACRO

ROL-FORM DIE

Workmarking from forming sheet
materials in press brakes and punch
presses is greatly reduced and in
many metals completely eliminated
when formed with the Di-Acro
Rol-Form Die. Hardened and pre-
cision ground rolls pivot smoothly
in the die block to fold material
without strain. You save costs by
discarding elaborate and time con-
suming preparation and work
methods, reducing polishing time,
eliminating scrap parts. You also
cut costs in press brakes and punch
presses by reducing the number
of dies needed and the set-up time.
One Di-Acro Rol-Form Die with
a 60° upper die forms any angle to
60° and any thickness of metal to
14" just by adjusting the ram or
bed of the brake. Where ultra-
high finish material is to be formed,
nylon inserts can be used in the
die block to further reduce the
possibility of work marks.

The Rol-Form Die is offered in
inches to 12 feet for use in all sizes
and models of press brakes and
For ordinary press brake
forming ask about Di-Acro

Consult the yeilow pages of

! maure | your telephone book under
Yolow Poges || Machinery-Machine Tools for

- Jthe name of your nearest

five styles and in lengths from 6

punch presses.

Standard Press Brake Dies. g g@%ag
Di-Acro distributoror write us.

pronounced die-ack-ro

di.acl'o

PRECISION
METALWORKING
EOUIPMENT

DI-ACRO
CORPORATION

Formerly O’Neil Irwin Mfg. Co.
4310 Eighth Avenue
Lake City, Minnesota

30 CIRCLE 30 ON READER SERVICE CARD

|

Molecular electronic computer left has 6.8-cu in. volume, weighs 10 oz.
Transistor computer, right, is 150 timeg larger, 48 times heavier, uses 8,500
conventional components and does same job

Molecular Computer Occupies

By JOHN M. CARROLL,

Managing Editor

DAYTON, 0.—LAST WEEK a micro-
miniature general-purpose digital
computer using 587 molecular elec-
tronic circuits was shown jointly
by the Air Force Aeronautical Sys-
tems division and Texas Instru-
ments, the contractor.

The experimental unit, built in
nine months under a contract to
reduce molecular-electronic manu-
facturing methods to practice, has
a 6.3 cu in. volume and weighs 16
oz. It consumes 16 w.

The computer is compared by its
designer to the LGP-30. 1t is a
serial, binary, fixed-point machine
with a word length of 10 bits and
sizgn. It uses synchronous logic
timed by an external 109-Kc clock
although pu'se chuping is done in
the computer. It is addressed by an
external digital keyboard or paper-
tape reader. The keyboard delivers
pure binary input and the clock
signals.

Three types of semiconductor
networks are used: 382 flip flops,
168 NOR circuits and 37 logic driv-
ers. Flip-flop shift registers pro-
vide 16 words of instruction storage
and 16 words of temporary storage.
The computer is a single address
machine using an 8-bit instruction
word. Fifteen commands are avail-
able. The machine has an accumu-
lator, A and R registers. The A
register is in temporary storage.

The individual networks, 0.250
by 0.125 by 0.030 in. are assembled
by welding eight to 16 together in
encapsulated stacks or modules.

There are 47 modules each occupy-
ing 0.057 cu in. and weighing 0.04
oz. The modules are inserted in a
copper grid or matrix that is in
turn mounted on a copper or alumi-
num heat sink 70 cu in. in volume.

Each transistor stage requires
about 25 mw. Supply is 10 v. How-
ever, using series 51 Solid Circuits,
introduced simultaneously with the
computer, an improved computer
could be built dissipating 2 to 4
mw per transistor and operating
from 3 v. Such a computer could
operate from 200 to 400 Ke. Using
a 6-v supply, operation at 400 to 800
Ke would be possible.

Texas Instruments president
P. E. Haggerty said a pulse-code
telemetry encoder is under devel-
opment using both linear and non-
linear circuits that will provide a
50-to-1 size reduction and a 15-to-1
weight reduction over conventional
units,

He stated that with 300 stand-
ard semiconductor network types
available, 12,000 electronic engi-
neers whose work is government
supported (10 percent of all such)
could be freed from circuit design
to tackle problems of cost reduction
and reliability at a net savings to
the government of $300 million.

According to Harrell V. Noble,
technical director of ASD’s Elec-
tronic Technology Lab, Texas In-
struments and Westinghouse Elec-
tric are both participating in the
Air Force molecular-electronics
program. Texas Instruments work
deals largely with nonlinear cir-
cuits and entails development of
manufacturing methods. The work

electronics



Five geries 51 flip-flop counter net-
works and equivalent conventional
etched-circuit board.

6.3 Cu Inches

has tended to be computer-oriented
and, indeed, TI and North Ameri-
can Aviation are known to be work-
ing jointly on general-purpose guid-
ance computers using molecular
electronics.

Noble said Westinghouse has
worked on both linear and non-
linear circuits and in production of
dendritic silicon and germanium.
The latter technique is said to pro-
vide an excellent surface for epi-
taxial growth.

Also in the Air Force molecular-
electronics project, Georgia Tech is
cataloging and making mathemati-
cal models of solid-state materials
exclusive of semiconductors while
the University of Michigan is de-
veloping mathematical models of
Air Force circuit needs.

To the Air Force, molecular elec-
tronics includes building up semi-
conductor circuit blocks epitaxially
as well as diffusing ecircuits into
blocks. Motorola is looking into the
epitaxial approach.

Others are also working with
epitaxy and single, double and
triple diffusion.

TI’s new series 51 networks are
all made from a standard silicon
wafer, only vacuum-deposited alu-
minum interconnections make the
difference between the six basic
circuit types.

Contained in hermetically sealed
packages | by % by 1/32 in.,, the
networks will withstand —55 to
125 C. Power requirement is 2 to
4 mw at 3 v. Six-volt operation is
possible. Delay ranges from 75 to
450 nsec. Fan out from 4 to 25 is
available.
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Polarad inspectors

see .001" vanes

magnified like this
with STEREOZOOM® MICROSCOPES

These are micro-grid vanes for the higher frequency microwave
electron tubes made by Polarad Electronics Corporation, Long
Island City, N. Y. Bausch & Lomb StereoZoom Microscopes
play a critical part in their inspection. Because only B&L Stereo-
Zoom Microscopes provide infinite choice of magnification, any-
where within the entire range of the instrument. Just a turn of
the Zoom knob shows their .001” vanes at the ideal magnifica-
tion for checking continuity, spacing, surface finish, or con-
tamination by foreign materials.

Work shows up vividly, in natural 3D detail. And there’s unob-
structed working distance (up to 7”) to simplify Polarad’s
precision assembly of tube parts. That’s why Maurice J. Cun-
niffe, manager of Polarad’s Microwave Tube Laboratory, says:
“The StereoZoom Microscope is an essential component of our
laboratory facility.”

Why not mail the coupon and find out how StereoZoom Micro-
scopes can help you?

BAUSCH & LOMB INCORPORATED

61422 Bausch St., Rochester 2, N. Y.

[J Send new B&L StereoZoom Catalog D-15.
[0 Schedule a demonstration at my convenience.

Made in America. to the
world’s highest standards.

BAUSCH & LOMB NOME, Tite cueecaeeeiiectiieeeceieeeeereesnnseeonersenesenns
V CoOMPANY .....ceeceeeeneeennrreicniccnrrerrencreasens
SINCE 1853
AARESS aeverersreimeemessemmammmnsssvisssssessessssnessssnasiaved®
City ressssssemmssssssssamnions Zone ........ State ..............
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Helps you to . . .

Achieve top reliability
in electronic circuits

Here is practical handbook help for the selec- I
tion and use of component parts in the design
of electronic equipment of maximum, practical
reliability. For each component part. the set
gives a description of types available. recom-
mended applications,
and environmental cau-
tions that must be ob-
served. Primary em-
phasis is given to com-
ponent parts having a
coordinated tri-gervice |
military specification—
parts that can be safely
used without getting
speeial permisszion. In
addition. this set covers
component types for
which single-service spe-
cifications or industry
standards and specifica-
tions are described in
detail.

ELECTRONIC
COMPONENTS
HANDBOOK
LIBRARY

Editors
KEITH HENNEY and
CRAIG WALSH and

ITARRY MILEAF

(vol. 3)

Your guide to
proper choice
of such
components as:
Volume 1

RESISTORS @ RELAYS
e CAPACITORS
® SWITCHES

Volume 2

POWER SOURCES and
CONVERTERS @ FUSES
and CIRCUIT BREAK-
ERS @ ELECTRICAL
INDICATING INSTRU-
MENTS o PRINTED
WIRING BOARDS o
SOLDER and FLUXES
e CHOPPERS @ BLOW -
ERS ® RF TRANS-
MISSION LINES

Volume 3
TRANSFORMERS and

Technical Writing
Serviee, MeGraw-Hill
Book Co., Inc.

3 vol. 783 pp., 8V x 11,
523 illus., 225 tables

INDUCTORS @ CON-

NECTORS e WIRE $35.00

mgAcASBLETBgE. EASY TERMS: Pay $7
LS o "

SHIELD ® HARD- in 10 days; then $7

WARE monthly

lere, for designers of electronic equipment,
are data on a variety of component parts to
enable them to use these components so that
maximum reliability is attained in the com-
pleted unit.

For each component the library offers a
general description of the kinds available.
This includes information on their advantages
and disadvantages under various conditions,
where they should and should not be used,
and effects on each of unfavorable environ-
ment—heat, humidity, altitude, pressure,
shock, vibration, ete. Extensive information
appears in the form of charts, tables. and
diagrams that cover characteristies, toler-
ances, dimensions, and mechanical construc-
tion.

r— 10 DAYS' FREE EXAMINATION ~

McGraw-Hill Book Co. Dept. L-10-27

327 W. 41st St. New York 36

Send me the ELECTRONIC COMPONENTS HAND-
BOOK LIBRARY for 10 days’ examination on ap-
. In 10 days I will (check one) O send you
the full price of $35.00; or O $7.00. then $7.00 a
month untl) the full price is paid. Otherwise I will
return the Library postpaid. We pay delivery costs if
you remit with this coupon; same return privilege.)

Company

Position

For price and terms outside U. S.
write McGraw-Hill Int’l, New York 36

@
by
5
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Business Computers Talk Back

Movable levers of Unicall input
unit are placed in positions corre-
sponding to letters or numerals of
message to be sent

SPOKEN REPLIES to coded inquiries
can be obtained in a few seconds
from a new input device operating
with a remote real time computer.
First public demonstration of this
commercially available data set,
called Unicall, was made by Reming-
ton Rand during dedication of their
Univac Engineering Center.

Through joint efforts of Bell
Labs, Western Electric and Rem-
ington Rand, the data set was de-
signed for use with long distances
telephone facilities such as AT&T’s
Telepac or its Wide Area Telephone
Service. Principal application ap-
pears to be simplifying and ac-
celerating the updating of changes
in inventory, production, distribu-
tion and sales in business and in-
dustry.

Forty sliding levers on the input
unit are positioned to correspond
to individual letters or numerals in
the message. This selects a unique
combination of three audio tones
for each message character. Three
identification characters precede
and one end-of-message or more-to-
come character follows each mes-
sage block.

After setting in the message, the
operator dials the computer facility
on the set’s telephone. The compu-
ter’'s acknowledgement signal trips
a character scanning mechanism in
the input unit, which reads the
coded data into the phone line. Mes-
sages of up to 40 characters are
transmitted at 20 characters a sec-
ond. Depressing a more-to-come
key enables the operator to send
the balance of longer messages on

subsequent transmissions.

A 150-word vocabulary designed
to meet the needs of the particular
application is stored on a magnetic
drum at the computer site. When
the message is processed, a Univac
real-time computing system selects
a reply from the drum and sends a
verbal response to the inquiring
Unicall station. Parallel searching
permits simultaneous handling of
hundreds of inquiries with a single
drum.

Unicall rents for approximately
$30, sells for $1,350.

Radio Sounds Alarm and
Tunes in Civil Defense

GENERAL ELECTRIC has designed an
alarm-radio that will sound a
buzzer in case of enemy attack or
emergency, then turn on the radio
for information. Demonstrated to
the government Office of Emer-
gency Planning, the set would be
alerted by OEP’s proposed National
Emergency Alarm Repeater sys-
tem. A 240-cycle signal on power
lines operates switches. Set uses
two of GE’s Compactron tubes.

Satellite Communications
Ground Stations Readied

AT&T EXPECTS work on a $7 million
satellite communications center at
Andover, Maine, to be completed by
December 1. The center will house
terminal and tracking equipment.

Construction feature is a radome
made of inflated, 1/16th-inch rub-
berized material. It will be 200 feet
in diameter, 160 feet high. The ro-
tating steel and aluminum antenna
will weigh 250 tons and be 177 feet
long and 94 feet high.

Sylvania reports that site facili-
ties for Project Advent are three
weeks ahead of construction sched-
ule and will be completed this
month. The facilities will house
electronics telemetry, tracking and
communications equipment at Fort
Dix, N. J., and Camp Roberts, Calif.
Sixty-foot parabolic reflectors with
multiple feeds will be used for
tracking.
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STANDARD
POLARAD
FIELD
INTENSITY
REGEIVERS

MODEL FIM-2
1,000 to 10,000 me

Hundreds of| Polarad Calibrated Field Intensity Receiv-
ers are in use today throughout the world. Why?

...because the FIM series, in production since 1956, of-
fers +=1db accuracy because of its self-contained signal
generator.

...because the Model FIM-2 is the only single unit micro-
wave system capable of measuring rf interference and
susceptibility. It has been designed for measurements in
accordance ‘ ith all military RFI specifications.

MODEL FIM-L FEATURES

FREQUENCY RANGE: 1gcto10gein 4 tuning units; 2 more tuning
units under development will extend frequency to 20 ge.

FREQUENCY DIAL ACCURACY: *1%

SENSITIVITY : 20 microvolts

MAXIMUM RF INPUT: 3 volts

IMPULSE BANDWIDTH: 5 me

IMAGE AND SPURIOUS RESPONSE REJECTION: 60 db

OUTPUTS: Video, audio, recorder

SIGNAL GENERATOR OUTPUT POWER: 0.223 volts to 5 micro-

volts (for susceptibility measurements)

SIGNAL ATTENUATION: 0 to 80 db in 1 db steps

=== POLARAD

| SERV'C ELECTRONICS CORPORATION

43-20 34th Street. Long Island City 1. N.Y.

Representatives in Principal Cities (See your yellow pages)

‘ ®pec

9

9000000000000 00000000000000000000000000000800080000

...because the FIM-2 is an integration of two instru-
ments in one, it is always available in your laboratory as
either a sensitive microwave receiver or an accurate sig-
nal generator.

...because UNIDIALS® tunes both the receiver and signal
generator simultaneously; and, the front-panel meter
indicates average, peak, slide-back peak or quasi-peak
value of rf signals, the Polarad of FIM-2 is the most
convenient instrument in use today.

ooooooo-oooooooooooo-oo-ooono-0'oonou--o-oo"'.oo-oooo-o-ooo'vvvq

8
MAIL THIS CARD FOR SPECIFICATIONS 1-2 34 56 78 9

POLARAD ELECTRONICS CORPORATION:

Please send me information and specifications on:

O Model FIM-2 Calibrated Microwave
Field Intensity Receiver

O Model R Microwave Receiver
(see reverse side of page)

O Notes on Microwave Measurements

My application is

POLARAD

Name

Title Mall Station Dept
Company

Address

City Zone State




34,200

Now the most complete Microwave Re-
ceiver has the highest frequency cover-
age (if we are permitted the redundant
superlative).

As microwave work advances into
higher and higher frequencies, the
Model R keeps pace. Now Polarad has
added frequency coverage from 45.3
to 84.2 gec. It’s done, by the way, with
a unique set of mixers incorporating
integral crystals; and a local oscillator.
Polarad’s development engineers have
designed the Model R Receiver with
the most capabilities that can be put

POLARAD

me

1S now 4
the top 4w
frequency 4
that can 4s
be detected 4w
by the 4
POLARAD MODEL R s
MICROWAVE RECEIVER 4 400 to 84,200 mc

in a single box. The Model R is an
AM-FM receiver; a pulse receiver; and
a sensitive microwave power meter all
rolled into one. It has a direct reading
frequency dial, UNIDIAL® tuning con-
trol, AGC and AFC, as well as audio,
video, recorder and trigger outputs.
Hundreds and hundreds of Model R
users know Polarad will continue to
keep their basic microwave test re-
ceivers as advanced as their own re-
search. Have you checked the many
jobs a Model R can do for you? Ask
your local Polarad representative.

10000 000000000000000000000000000000000000000000000000000000000000

SPECIFICATIONS

FREQUENCY RANGE: 400 to 84,200 mc covered in 9 plug-in tun-
ing units. A broadband tuning unit covering 2000 to 75,000 mc is
available for antenna pattern measurements.

SENSITIVITY: To —85 dbm depending upon frequency range.
FREQUENCY DIAL ACCURACY: *1%.

RANGE OF LINEARITY: 60 db with AGC.

I-F BANDWIDTH: 3 mec.

VIDEO BANDWIDTH: 2 me.

Postage

o Postage Stamp
Will be Paid

Necessary

by
Addressee

BUSINESS REPLY CARD
First Class Permit No. 18, Long Island City, N. Y.

4 MAIL THIS CARD

e COLARAD

43.-20 34th Street. Long Island City 1. N. Y.
Representatives in Principal Cities (See your yellow pages)
©pEC

POLARAD ELECTRONICS CORP

43-20 34th St., Long isiand City 1, N. Y.
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If it interests this special engineering mind...

Eastman.Kodak Minicard record with 6 legal-length documents, coded index data

it’s in electronics:

To sell the electronics engineer, you must contact a fast-moving. highly curious and constantly Pp— |
probing mind. In a single day, an electronics man may face problems in research, design,
production or management; he may work in any one or all four areas, You must reach a
mind which nelver gets its fill of information. Only electronics magazine has an editorial staff that
constantly scours the nation and the globe to report and interpret authoritative information in all
four areas. That's why electronics’ readers are uniquely loyal. That's why this OEM engineering
audience forms the major advertising and sales target for the nation’s leading electronics manu-
facturers. Take a look at a recent issue and see! 112

@ A McGRAW-HILL PUBLICATION, 330 West 42nd Street New York 36. N.Y.
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I1BM General Products Division in San Jose, California

Long-range community development will
make your new plant in Santa Clara County,
California a secure, profitable investment.

Thinking years ahead is a basic element of plant-site
selection. Many firms such as IBM, who are thinking
ahead, have chosen this progressive area as the ideal
location for their new plant.

Plant-site teams are impressed with the Master Plan
for Santa Clara County where the forecast for com-
munity expansion is now projected to 1985. This pro-
gram is continuous. Planners regularly review their
forecasts to insure an orderly development.

THINK! Productive all-year mild climate . .. prom-
ising talent from excellent colleges and universities
... good business climate ... manufacturing, educa-
tional, and research center of the West ... strategic
location at the southern tip of San Francisco Bay.
This is Santa Clara County.

Wherever you move, look at the community growth
plan first. Experts who counsel industries on plant-site
planning are quick to confirm this advice.

Before you decide, “Think 1985” and look at Santa
Clara County, California.

Santa Clara County
PLAN AND FORECAST FOR 1985
Send today for your free copy of this in-
formative brochure. The important facts it
contains are presented to assist you in a
scientific approach to plant-site selection.

GREATER SAN JOSE CHAMBER OF COMMERCE .
DEPT. 1B, San Jose 13, California
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... Voted "One of America's 10 most beautiful piants."
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MEETINGS AHEAD

ELECTRON DEVICES, PGED of IRE;
Sheraton Park Hotel, Washington,
D. C. Oct. 26-28.

AlR TRAFFIC CONTROL Assoc., ATCA:
Deauville Hotel, Miami Beach, Florida,
Oct. 30-31.

RADIO FALL MEETING, EIA, IRE; Hotel
Syracuse, Syracuse, N. Y., Oct. 30-
Nov. 1.

DATA PROCESSING, Automatic Systems,
Current Developments, Oct. 30-Nov. 3.

HIGH MAGNETIC FIELDS, International
Conf., Air Force Office of Scientific
Research; Massachusetts Institute of
Technology, Cambridge, Mass., Nov.
1-4.

INSTRUMENTATION Conf., Louisiana
Polytechnic Institute, Campus, Ruston,
Louisiana, Nov. 2-3.

MAGNETICS, Non Linear, AIEE, IRE;
Statler-Hilton Hotel, Los Angeles,
Nov. 6-8.

RADIO INTERFERENCE Reduction and
Electronic Compatability; IRE, Arm-
our Research Foundation; Illinois Inst.
of Technology, Chicago, Nov. 7-9.

EXPLODED WIRE Phenomena, Electrical,
Air Force Cambridge Research Labor-
atories; Hotel Kenmore, Boston, Nov.
13-14.

MAGNETISM & Magnetic Materials,
IRE, AIEE, AIP, ONR, AIME; West-
ward Ho Hotel, Phoenix, Arizona,
Nov. 13-16.

MATERIALS and Design Exhibition
Conf.; Earls Court, London, Nov.
13-18.

RELIABILITY Symposium, Electronie

Systems, IRE, Linda Hall, Library
Auditorium, 5109 Cherry, Kansas City,
Mo., Nov. 14.

NEREM, Northecast Research & Engi-
neering Meeting, Commonwealth
Armory and Somerset Hotel, Boston,
Nov. 14-16.

ELECTRICAL MANUFACTURERS, National
Assoc., Annual; Plaza Hotel, New
York City, Nov. 16.

coMPUTER Conference. Eastern Joint,
PGEC of IRE, AIEE, ACM; Sheraton-
Park Hotel, Wash., D. C., Dec. 12-14.

IRE International Convention; Coli-
seum & Waldorf Astoria Hotel, New
York City, Mar. 26-29, 1962.

ADVANCE REPORT

May 3-4, 1962, International Congress
On  Human Factors in Electronics.
PGHFE of IRE, Lafayette Hotel. Long
Beach, Calif. Papers in the following
areas. automatic control. biological
science, communications. computers,
cybernetics. information theory. math-
ematica, medicine and psychology. Pro-
spective authors iwill submit, prior to
Jan. 1. abstracts not exceeding 300
words to J. W. Sendcrs. Technical Pro-
gram (Chairman, Minneapolis-Honeywell
Regulator Co., 2600 Ridgeway Road,
Minneapolis 40, Minn. Initial eraliation
of prospective papers shall be made on
the basis of the abstracts.

electronics



Low Cost Cubic S-70 Data System Reads 100 Channels /Minute

Because of the high operating speed of the reed relays (used in the digital voltmeter) the new
Cubic S-70 Data System gives readings 6 times faster than any others using stepping switch
voltmeters. The Cubic S$-70 monitors up to 100 separate channels, provides instantaneous large
digital readout on the voltmeter, and prints out a permanent record on paper tape of 100 readings
a minute. Yet it costs only $4650, a fraction of the cost of most data systems now in use. Price
includes the Cubic V-70 Reed Relay Digital Voltmeter, the Cubic Scanner to rapidly sample 100
channels, and an 11-column printer. An ac-de converter or a pre-amplifier may be added at
slight additional cost. The reed relays in the voltmeter assure vou of at least a decade of flawless
service without periodic maintenance. This is a simple, pre- =
packaged, standard system made up of production modules. @ Cu blC
You simply plug it in and start recording data. For more O
details on the S-70 Data System, write to Department E-111. . isals 1, oav TR EOEIT

OTHER OFFICES: LOS ANGELES, CALIFORNIA—ROME, ITALY (CUBIC EUROPA &, P.A) » REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES
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How do you talk to a man to sell him something when he can be working in any or
all of the areas of research, désign, production and management in the dynamic elec-
tronies industry ? Obviously you can’t follow him unless he keeps in touch with you. That’s
exactly what electronics’ 52,721 subscribers do. They PAY to read electronics because they
want and need it in their work. As they progress they voluntarily contact us week in and
week out...more than 61,721 changes in titles, addresses, etc. during 1960 ...and that’s
where electronics’ membership in the Audit Bureau of Circulation — where subscribers
actually pay —reaps dividends for the advertiser.

Illustrated below are major steps in the career of Mr. Dorman D. Israel, a charter
subscriber to electronics. Mr. Israel has paid approximately $160.00 to receive electronics
since it was established in April, 1930. Mr. Israel estimates that he spends between 60
and 100 hours a year studying the pages of the publication. (The average subscriber

he paid to read electronics

As chief engineer

Mr. Dorman D. Israel
as radio design
engineer .



currently spends 5 hours 25 minutes every month.) Mr. Israel has obviously invested a
considerable amount of time as well as his money in electronics over the past 31 years.

Only paid circulation has the drawing power to keep track of key people in America’s
most dynamic growth industry. Only electronics reaches so deep into the industry. And
only electronics reaches all four major buying influences in the industry — engineers in
research, design, production and management, working in any or all four areas. Place
your advertising alongside editorial material for which the buyer has demonstrated a
need...in ABC publications such as electronics.

As Executive Vice President

Emerson Radip g Pho
nogra
Corporation “3

@ ; A McGraw-Hill Publication, 330 West 42nd Street, New York 36, N.Y.

all the way to the top

As vice president in
charge of engineering
| and production

As development engineer




PHILCO EPITAXIAL SILIGON MESA

FIRST T0O COMBINE
120 V (BVeczo)
0.5 V(SAT)
150 mc. f;

2N2087 NPN
CORE DRIVER
LINE DRIVER

2N2087: ABSOLUTE MAXIMUM RATINGS

Storage Temperature ~65 to 4+300°C.
BVcer (RZ1002)
120 volts

Collector Current I¢
Total Device Dissipation (case 25°C.)....2 watts
Total Device Dissipation (case 100°C.)...1 watt You would expect Philco, as inventor of industry’s

Yotal Device Dissipation (free air 25°C.).0.6 watt most capable germanium logic transistor—the MADT,
ELECTRICAL CHARACTERISTICS (@ 25°C.) to design silicon memory components with extra capa-
Characteristics| Conditions | Min.| Max. bilitv, too. And Philco has done it. 2N2087 and
hee | Vee=1V. | 40 120 2N 2086 Philco epitaxial silicon mesa transistors offer
=150 ma. incomparable combinations of parameters that may

Vee 150 ma. ' L 1.2 | well be the special design solutions you require.
15 ma. | The 2N2087 combines 120 BVcgo, 40 hpg min,,
Vce(SAT) ; =150 ma. . 0.5 V. max. Vcg (SAT), 150 me¢ min. fr, 12 pf max.

_ ;(5) ::: Cob, and 100 nsec max. ts.

Vee=10V. The 2N2086 combines hgg of 20 min., 0.7 max. Vcg
Vea=10V. (SA'I )y 120 B\'( *BO» 150 mc min. fT’ 12 pf max. Cob)
e = Oma. and 100 nsec max. t,.

Ve =60V, These new Philco epitaxial silicon mesa transistors

Ji™ =E5RS. deliver optimum drive for computer memory planes,

¥° :fg\s’:’c . serve as medium power switches in airborne control

R =100 systems, and are ideally suited to a wide variety of

lc =20 ma. other applications such as small power supplies, servo

pulsed amplifiers, and automation controls. For complete in-
formation, write Dept. E102761.

Both types 2N2087 and 2N2086
are immediately availabte from
your Philco Industrial
Semiconductor Distributor.

927720«4 5o Qaaf{/ the Wertd Cver
LANSDALE DIVISION, LANSDALE, PENNSYLVANIA
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Ruby laser’s helix flash tube excites the ruby that it encircles (Minneapolis-Honeywell Regulator Co.)

LASERS:
DEVICES AND SYSTEMS-PART I

Laser generation of coherent light expands
available spectrum. Space, military, scientific and
communications requirements push device refinement

By SY VOGEL, Associate Editor, and LEON H. DULBERGER, Assistant Editor
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FIG. 1—Flashtube excites Cr** atoms in ruby to higher energy state.

state, Cr** atoms emit coherent light (Raytheon)

LIGHT AMPLIFICATION by stimulated emission of radia-
tion (LASER) has extended the range of controlled
electromagnetic radiation to the infrared and visible
light spectrum.

Systems applications of lasers are being explored for
communications in space. on earth and undersea. Mili-
tary surveillance and weapon systems, mapping, medical
and computer technology may include lasers in future
developments.  Spectroscopic rescarch, navigation in
space and other applications will be investigated.

Several of the laser’s output characteristics are of
primary consideration in these applications. The laser
provides a coherent light output, in much the same
sense that an r-f oscillator exhibits definite time and
phase relations in its output waveform.

The output light from a laser is essentially obtained
at a single monochromatic frequency. Again the r-f
oscillator provides an analogy.

Output is a beam of highly parallel light rays, which
permits travel over extreme distances with little diver-
gence. External optics can maximize this characteristic
and focus the beam to a cross section of micron dimen-
sions.

Light intensity can reach millions of times that of the
sun on a relative bandwidth basis.

With proper focusing and output in the infrared spec-
trum, a beam hot enough to pit carbon and pierce
metal can be generated.

The first operating laser was a solid-state design pro-
duced by T. H. Maiman. It employed a synthetic ruby
crystal doped with chromium, CR.O, in ALO. The
crystal was machined to optical tolerance, with both
ends of the resulting rod silvered to enhance reflection.
Bathed in white light from an clectronic flash lamp, the
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green content provided energy to the crystal. This stimu-
lated emission of coherent and monochromatic light, at
6,943A, is described in a discussion of operating prin-
ciples. Monochromaticity was about five times nar-
rower than that of the ruby’s natural fluorescence. Addi-
tional development brought this figure to forty times,
and then to ten thousand times natural ruby fluorescence.
Still greater monochromaticity has been realized with
the helium-necon gas laser.

Laser history begins with the maser, (Microwave Am-
plification by Stimulated Emission of Radiation). Maser
amplification was suggested by J. Weber"** in 1952. A
maser was built by C. H. Townes' in 1955. A solid-state
version was proposed by N. Bloembergen®, in 1956.

An extension of maser principles to permit operation
in the light spectrum was suggested by A. L. Shawlow
and C. H. Townes® in 1958. Monochromatic and co-
herent light were predicted.

The pulsed ruby laser built by T. H. Maiman in 1960
was the first to function’. It was followed by a continu-
ously operating gas laser announced in 1961 by A.
Javan, W. R. Bennett and D. R. Herriott. They em-
ployed a mixture of helium and ncon gas excited by an
r-f ficld. and obtained output in the infrared range.

In 1960, P. P. Sorokin and M. J. Stevenson® produced
laser action with trivalent uranium in calcium fluoride
and followed this with other solid state experiments.

During 1961. amplification of light using a ruby laser,
driven by a ruby laser oscillator was reported by P. P.
Kisliuk and W. S. Boyle”, and also by P. Leavy™. Gains
of the order of two times were reported.

The genecration of optical harmonics using a laser
source directed into crystalline quartz was achieved in
1961 by P. A. Franken, A. E. Hill, C. W. Peters and
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G. Weinreich'. Ruby laser light at 6,943 A was raised
to 3,472 A. No measure of coherence of the doubled
frequency was made.

Laser operation requires an active material that will pro-
duce stimulated emission of radiation (lase), an exci-
tation source that pumps power into the active material
and a resonant structure. Both solid-state and gas of
lasers have these characteristics. Functioning of the
solid-state lasers developed up to now is essentially the
same as that of the ruby laser developed by Maiman.”*
Figure 1 shows the construction of a ruby laser.* The
active material is ruby, the excitation source a Xenon
flashtube, and the resonant structurc is formed by the
ruby rod. whose ends are reflecting mirrors. One end
of the rod has a heavy silver coat that makes it an opaque
mirror and the other end has a silver coat that makes it
a 92-percent-reflecting mirror.

Although the complete physical and mathematical
description of laser action is complicated, it is possible to
get a simplified picture of laser action by relating this
action to the energy-level diagram of the lasing material.
Figure 2A shows a simplified energy-level diagram for
Cr*** (chromium ion) doped pink-ruby crystal (CR,O,:
AlLO,), the material used in the laser shown in Fig. 1,
as well as in Maiman’s laser. The heights of black bars
I and 2 and of the area shown in cross hatching (3)
indicate the possible energies that a Cr*** ion can have;
energy is in units of 10° wavelengths per cm: | wave-
length per cm (lem™) is equivalent to 1.9858 x 10™
erg.”” In their normal condition (the ground statc). the
Cr*** ions have zero energy; this condition is indicated by
level 1.

If light photons having a wavelength of 5,600 A
irradiate the ruby crystal. they will raise the energies of
some Cr*** ions to various energy levels lying in the
absorption band of energies indicated by 3. Flashtubes
supply this irradiating light, along with light comprising
many other wavelengths. The left-hand arrow (W, —see
legend) going from level | to band 3 indicates the in-
crease in energy acquired by a Cr*** jon when it absorbs
a 5,600-A light photon; the use of light excitation to raise
the energy level of atoms to a higher level(s) is called
optical pumping. After short, but finite times elapse (re-
laxation times), some of the Cr*** ions in band 3 drop
back to level 1 (shown by A4.,) and some drop to level 2
(Ss). The rate at which Cr*** ions drop a level of 2 is
greater than the rate they drop to level 1. The Cr**
ions in energy level 2 hold their energy for a short time
before they drop to level 1. The rate that ions go from
level 2 to level 1 (A,) is less than the rate Cr*** ions go
from level 1 to level 3. Thus, optical pumping builds up
the number of ions having level-2 cnergies to a greater
number than the number of ions having level-1 encrgies;
in other words, the Cr*** populations of levels 1 and 2
are inverted from their normal relation. This popula-
tion inversion is essdntial for producing stimulated emis-
sion of light.

In dropping from level 2 to level 1. Cr*** ions radiate
light. Level 2 (°E) actually comprises two levels, levels
E and 24, which emit radiation lines R, and R., respec-
tively. If conditions were not completely correct for
achieving laser action—for example, if an insufficient
amount of excitation! were applied—R, radiation would
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be spontaneous radiation rather than stimulated radia-
tion and would comprise a much broader band of wave-
lengths than the stimulated emission (Fig. 2B and 2C).”
In both cases, the center frequency of the R, and R,
energy radiated when ions drop from level 2 to level 1
is calculated from » = (E, — E,)/h where » is fre-
quency, E, is the energy at the center of level E (for
R,) or level 24 (for R.), E, = 0, and h is Planck’s con-
stant. The resonating character of laser action enhances
radiation at the central wavelength of R, and diminishes
other radiation. Arrow A4. in Fig. 2A indicates the
spontaneous radiation of R, and R. that would be
emitted if lasing conditions are not correct. The broken
arrow indicates the laser output, which comprises laser
radiation at R, and spontaneous (incoherent) radiation
at R; and R..

The simplified sketches shown in Fig. 3A to 3E illus-
trate sequences of laser action. At the instant that
pumping light is applied (Fig. 3A), all Cr*** ions are in
the ground state; the unshaded circles indicate this state.
Optical pumping raises some Cr*** ions to level E (Fig.
2A). The black circles in Fig. 3B indicates ions that
have been pumped up to level E; for simplicity, ions
pumped to level 24 are not indicated. Some Cr*** ions
drop to level 1, radiating photons that have various wave-
lengths centered about the central wavelength of R,.
(Consider a photon as being a bundle of light energy
that has wavelike properties.) Figure 3C shows one

ENERGY IN 103 cM!

LEGEND

Was Energy-change-probability rate due to exciting radiation
of frequency ves. Wi = Woy

ab  level number a to level number b

Aass  Energy-change-probability rate with accompanying
radiation

Si Energy-change-probability rate without radiation

‘A:  Ground state (0 energy) of Cr**+ ions

‘F,  Ahsorption band of energy levels of Cr*++ ions

SE  This energy level comprises sublevels 24 and E

. ;
6,925 R, R, 6,950
WAVELENGTH IN A

R 6,950
WAVELENGTH IN A

(B) (C)

FIG. 2—Energy-level diagram for ruby and explanation
of terms in legend (A). Emission spectrums of prototype

ruby laser are shown for low-power (B) and high-power
excitations (C)

L]



PUMPING LIGHT
A

N b4 NN L LN

’t
o o o o o o[
{t
i

o o o o o
94
ty
o o o o o o'l
\\

T~ SLIGHTLY- TRANSPARENT MIRROR/ S/
(A) 3UBY ROD~~  OPAQUE MIRROR

® o [ o [e] (o)
D A B
[ 4 [ ] [} [ ] [ ] o
C
o [ ] ] o o (]
(B)
[ ] o [ o o o
A
p %7 B
® [ ] [ ] Q@0 —>>0 9
a /¢\ a
:A h
(o] ([ ] [ ] o o [ ]
|
(C)
] i
e ‘o0 ® o o o i
] By
! S-SR
o ® .’le—o-». O Q-
°+¢/¢\ /‘\
o [ J [ J o} o¢c \g/ I
«— O —>
/p!‘{t
(D)
< e —r @ Q+—r @ +—+ 0 —>r @ —>
-
= 3
=3 - D A B
;c— 20— @ > O e—> @ +——+ 0 —> @+
|
o}
® C
S|l e Q2@ ¢—o Qe+ @ +—>+ 0 +—s @e—m>|
(E) L
>
Ll a
2| =
Wl >
—{ o
ZlE
HE
= »
<
I
fre}
@
L i 1 b 1 i
0 400 800 1,200
TIME IN uSEC
(F)

FIG. 3—Sketches (A) to (D) depict the sequence
in which ion A spontaneously emits radiation
that triggers the stimulated emission in the lagser
beam (E). A typical laser output pulse is shown
in (F)

42

ion, ion A, dropping to level 1 and spontaneously emit-
ting radiation; in these simplified sketches, ion A is the
first ion (and the only one that is shown) to emit R,
radiation spontaneously, that is. without being stimulated
by R, radiation. The radiated photon tends to stimulate
radiation of the same wavelength from other Cr*** ions

of level E that are in its path.® This is indicated in Fig.
3C and 3D. Assume that incident radiation a from ion
A has the wavelength of the strongest R, emission. In-
cident photon «a is reinforced by stimulated photons b,
¢ and d in a precise phase relationship, as indicated by
light rays @ + b, a + ¢ and a + d in Fig. 3D. The
opaque mirror reflects @ + b back into the ruby cavity,
but @ + ¢ passes through the side wall and is lost. Thus,
the cavity enhances radiation propagated parallel to the
axis of the ruby rod and minimizes radiation going in
other directions. Due to the amplification caused by
photons stimulating thc emission of other photons of
the same wavelength, rays comprising photons of the
center wavelength of the R, line, which is the strongest
(that is, most prevalent) wavelength. become predom-
inant over other R,-wavelength rays. This action makes
the laser output highly, but not completely, monochro-
matic.

Since photons traversing other paths than in the direc-
tion of the long axis of the crystal escape from the sides
of the rod (Fig. 3D), the laser output beam is highly
directional. Photon streams reflect back and forth be-
tween the end mirrors and emerge from the end mirror
that is slightly transparent. Figure 3E indicates the
cohering effect of the light field in the cavity in stimu-
lating emission by the ions. To maintain the stimulated-
emission process, losses such as those due to radiation
escaping from the crystal and losses due to mirror reflec-
tion must be overcome by photon amplification. Beam
angle of the ruby laser is in the order of 0.01 radian.

Although vast numbers of ions within the ruby crystal
are individual radiators of photons, laser action causes
them to radiate their encrgy in step, that is, coherently.
The key action of the lasing process that produces in-step
radiation is that of an incident photon triggering an ion
to emit a photon in phase with the incident photon. If
it were not for this action, cach excited ion would spon-
taneously emit a photon, that is, emit a photon at any

Voice modulation of gas laser’s c-w output, using a Kerr-
cell modulator and a photocell pickup (Bell Telephone
Laboratories)
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time within the relaxation-time range that is characteris-
tic of Cr*** in ALO, Since the individual radiators
radiate (nearly) in step, and since these radiators pro-
duce radiation of (approximately) the same wavelength,
the laser’s output beam has space and time coherence.
Consider a point located in the output beam of the laser:
since the time intervals between successive peaks in wave
amplitude at this point are equal, the beam is coherent
in time. Consider two points (or more) in the laser beam
that are located in a plane perpendicular to the axis of the
beam: since, at a given time, their amplitudes have a cer-
tain correlation that will be repeated at regular time
intervals, the beam is coherent in space:” in other words,
if these two points (and other points) in space have
equal wave-amplitude peaks at the same times, the beam
has space coherence. Researchers have shown that ruby-
laser wavefronts form planes that are perpendicular to
the direction of propagation, thus exhibiting space co-
herence.” However, space coherence is far from per-
fect.” Since spectral line widths have been about 1,000
Mc, time coherence is not very good, either.

Ruby lasers have not yet produced c-w outputs and
typical prf rates have been in the order of several pulses
per minute. Each output pulse contains large-amplitude
spikes (Fig. 3F) which result from the inability of the
pump to supply energy level 2 at a fast enough rate to
keep up with the rate at which these ions drop from
level 2 during the stimulated-emission process.” There
appears to be no fundamental obstacle to eventually
achicving c-w operation despite some problems. Among
these problems are the relatively large amount of pump-
ing power required and internal heating effects. Over-
rapid emptying of level 2 is another possible difTiculty,
since laser action ends when the ground state and
E-level populations are equal, or nearly equal.® Cooling
of the ruby and pump and the use of more efficient and
powerful pumps are among the refinements being tried
in efforts to achieve c-w operation.

The gas laser invented at Bell Telephone Laboratories
provides continuous operation at several infrared wave-
lengths, 11,180 A, 11,530 A, 11,600 A, 11,990 A and
12,070 A; the strongest of these is the 11,530-A output
line.* ** # The main difference between the way the gas
laser (see cover) functions and the way solid-state
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FIG. }—Emergy levels of helium and neon. Arrows repre-
sent transitions, with the arrow between 2s and 2p being
the transition producing the gas laser’s output
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lasers function is the method by which they are excited
and pumped into an inverted-population condition.
Helium, at a pressure of 1 mm of Hg and neon, at a
pressure of 0.lmm, are sent into the laser tube, whose
ends comprise flat, parallel and semi-transparent mirrors.
A 30-Mc r-f gencrator produces an electrical discharge
through the gas mixture, thus raising the energy of
ground state (O cnergy) He atoms to the 2°S energy
level (Fig. 4). These He atoms collide with Ne aioms
that are in the ground state and cnergy exchanges
between He and Ne atoms take place. Due to the col-
lision, the internal energy of the ground-state Ne atom
increases to the 2s level, which comprises four sublevels,
and the internal cnergy of the 2°S He atom drops to
zero. This collision process produces 2s-level Ne atoms
rather than 2p or Is level Ne atoms because the encrgy-
exchange process is such that the least possible amount
of change in the total internal energy of the colliding
atoms occurs; in other words, since the energy of the
2s levels is nearly cqual to the 2°S He level, a 2°S He atom
readily transfers its internal energy to a 2s Ne atom,
with little of the 2°S He atom's internal energy being
converted to kinetic energy. Building-up the 2s Ne
population produces a sufficiently large inverted popu-
lation between levels 25 and 2p to achieve laser action.

Soon after optical-pumping raises the population of
the 2s level above the population of the 2p level, the
light field that is built up inside the laser-tube cavity
becomes coherent and stimulates coherent emission of
2s level atoms throughout the tube. Suppose optical-
pumping conditions were incorrect and the relative popu-
lations of levels 25 and 2p were not inverted. Then it
would be more likely that the spontancous radiation
emitted when a 2s atom drops to the 2p level would be
absorbed by a 2p atom, rather than stimulate a coherent
cascade of photons from 2s level atoms.

Level 25 comprises four sublevels and level 2p com-
prises 10 sublevels. These are 30 possible transitions
in which atoms in level 25 may drop to level 2p and radi-
ate infrared, but only five of these transitions have thus
far been stimulated emissions. The 2s. to 2p, energy
change produces 11,530 A, the strongest stimulated emis-
sion.

An atom of an impurity gas such as argon, which has

TABLE: OPERATING LASERS

Laser Where Output Spectral
Material® Developed Lines (A)®
He-Ne Bell 11,180, 11,530, 11,600,

11,990, 12,070
Ruby (0.05% Cr ion) Hughes 6,943
Ruby (0.5% Cr ion) Varian & Bell 7,009, 6,934, 7,041
CaF; {0.05% U ion) IBM 25,000
CaF; (0.1% Sm) IBM 7,082
BaF, (U ion) MIT 27,000
CaW O, (Neodymium ian) Bell 10,600

(o) Doping material is shown in parenthesis; {b) Output wavelength
varies with lemperature
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FIG. 5—Structures are flat and parallel mirror (A), con-
focal (B) and total-internal-reflection (C) resonators

an ionization energy that is less than that of the 1s level
(th: 1s level comprises four sublevels), decreases the
population of the ls level when it collides with a ls
level atom. With fewer atoms in the ls level, there is
less chance of a ls atom rising to the 2p level by colliding
with an electron; furthermore, there is less chance of
the radiation that is emitted when a 2p atom drops to
a ls level raising other ls atoms to the 2p level. Thus,
decreasing the number of atoms having ls energies pro-
motes thc process desired for achieving laser action—
the process of putting more atoms in the 2s level than
there are in the 2p level.
Laser material and construction are under intensive and
continual development in scores, perhaps hundreds, of
laboratories. Table I lists materials that have been used
in lasers that have worked. The only working gas laser
developed thus far is the He-Ne laser. All of the other
lasers that are listed use solid-state lasing materials.
Fundamentally, all solid-state lasers function the same
way as the ruby laser invented by Maiman. However,
these materials have different energy-level spacings. The
Barium-fluoride and calcium floride lasers resemble each
other more than they resemble the ruby lasers.” Table
percents that are listed show the approximate doping-
material weights in percents of the total weights of the
crystal host and its doping material.

The resonating structures (cavities) of most lasers have
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FIG. 6—This laser-excitation source (UCRL) uses pinch
effect to generate an extremely intense pulse of light

comprised parallel reflecting surfaces at the ends of the
cavities (Fig. 5A).” The confocal resonator shown in
Fig. 5B is formed by two spherical reflectors that are
separated by their equal radii of curvature.® * A con-
focal resonator has these advantages over a parallel-
plane cavity: it has lower diffraction losses; it requires
less pumping power; optical alignment of parallel reflec-
tors is critical whereas optical alignment of spherical
reflectors is not. Figure SC shows a cavity geometry that
is designed to attain total internal reflection.” (See prac-
tical cavity constructions on p 66 of this issue of ELEC-
TRONICS. )*

Silver mirrors and mirrors comprised of dielectric
coatings have been used as end reflectors in both solid-
state and gas lasers.” A dielectric coating mirror com-
prises a number of dielectric layers having different
optical-matching characteristics. Silver has a lower reflect-
ance than dielectric coatings and causes relatively high
losses, particularly when used in ruby lasers, which have
high peak powers. Furthermore, silver coatings deteriorate
with time and use. After about several hundred output
pulses, the exact number depending on the operating
conditions, silver mirrors would have to be replaced
because their deterioration would begin to significantly
reduce the output.® Dielectric coatings do not undergo
such deterioration.

Many configurations have been developed for deliver-
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ing pumping light to solid-state lasers (ELECTRONICS,
Aug. 4, 1961 p 62). Figure 1 shows an efficient arrange-
ment. Mounting the ruby rod and the pumping source,
a xenon flashtube, at the foci of a polished cavity having
an elliptical cross section, causes all the flashtube’s light
to hit the ruby rad." Heat dissipation of the flashtube
excitation source must not be exceeded. A reasonable
upper limit for a quartz flashtube is about 1,000. pro-
vided that the flashtube is cooled.” A xenon tube pro-
vides a continuous spectrum that contains spectral lines
characteristic of excited xenon.® Since a flashtube’s out-
put spectrum is continuous, only a small portion of its
output is used in pumping the laser to a lasing level. It is
possible to change the output spectrum of a fiashtube
by varying its temperature, thus improving its laser-
excitation efficiency,”

Work is going on to develop improved laser-excitation
sources producing noncontinuous as well as continuous
output spectrums. Figure 6 shows a proposed pumping
source that would provide high-intensity excitation
pulses.” This experimental device uses the dynamic
pinch effect to generate optical-pumping radiation for
the laser material, a ruby rod. The spark-trigger bank
of capacitors delivers triggers to electrodes inside the
chamber, which is filled with deuterium gas and a 1-per-
cent concentration of an impurity gas that has a higher
atomic number than Deuterium. Simultaneously, the main
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capacitor bank is switched to the conducting end plates of
the chamber. The main bank’s discharge produces a tube-
shaped axial current that flows in the plasma between the
end plates. This current produces a circumferential mag-
netic field outside the plasma. Since the magnetic field in-
side the plasma is zero. the inwardly directed magnetic-
field pressure on the plasma chamber causes the plasma
column to collapse toward the chamber axis, driving a
shock wave towards the axis. The collapsing plasma is at
its minimum radius at the instant the shock wave reaches
the axis; at this instant the inwardly directed velocity of
the particles comprising the plasma is converted to ran-
dom motion, the velocity conversion time being equal to
the time required by a sound wave to travel across the
thickness of the shock wave. Most of the kinetic energy
of the particles is lost by excitation of and reradiation by
the 1ighly ionized atoms in the plasma. A computation
shows that the plasma can radiate its total energy (2,000
joules) in a usec, or less. Thus, the ruby rod would receive
a pumping pulse that would be about 10® times as intense
as an excitation pulse from a 2,000-joule xenon lamp,
which requires about 1 msec to give up its encrgy.

Heat affects solid-state lasers more than gas lasers.
Tests and observations of extended periods of operation
have shown that a ruby laser will not function when it
is overheated. Internal heating of the laser material is
one of the factors that thus far have prevented c-w laser
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operation of solid-state materials, in spite of the use of
such external coolants as liquid nitrogen. Since heat
transfer requires time. heat may be trapped within the
laser crystal for a long enough period to block con-
tinuous laser action. Furthermore, heating tends to
broaden the widths of radiated spectral lines.”

The He-Ne gas laser (Fig. 7) operates at lower power
levels than the solid-state lasers developed up to now.
Typically, r-f excitation power is 50 watts, although it
can be as little as 10 w,” and has been reported as high
as 80 watts.”' If too much r-f power is applied, laser
action will not occur. The minimum discharge-tube
length that is necessary for laser action is about 20 cm.®
The r-f exciter of the laser shown in Fig. 3 runs at 28
Mc (30-Mc excitation has also been reported®). The
tube is filled with a mixture of He at 1.0-mm pressure
and of Ne at 0.2-mm. The Pyrex discharge tube (quartz
tubes have also been used) is mounted on a low-expan-
sion Invar-rod frame. Each of the two end assemblies

—
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FIG. 9—Adjusting a cryostat laser. This laboratory device tests laser materials and excitation sources. Drawing shows

details of the device (Raytheon)

are important, or requisite, for achieving laser action
with the material can be ascertained by spectroscopic
observations.” The basic requircment of a laser material
is that it must have a suitable energy-level scheme. These
cnergy levels are ascertained by obtaining absorption and
fluorsecent spectra of thc material. The flow chart in
Fig. 8 outlines the procedures used to find and develop
solid-state material that will produce laser action (this
RCA research work is partially supported by the U.S.
Air Force). Many gases, solids and liquids are being in-
vestigated for possible laser action. One gas combina-
tion that has been proposed is a mixture of mercury
and krypton; an Hg-Zn mixture also looks promising.
Single-gas lasers that would use optical pumping to excite
the laser gas have been proposed;® potassium and cesium
are among the materials that have been investigated. Euro-
pium, a rare carth, has been mentioned as a likely solid-
state possibility. Finding a material that will lase entails
much computation and experimentation. Spectra of an
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element differ for various host materials, percentages of
the element,” and temperatures. Furthermore, a pumping
scheme has to be designed to get the material to lase.

Solid-state-laser operation is strongly dependent on tem-
perature. Crystals that work at room temperature exhibit
more output for a given input when cooled. Other crys-
tals do not work at all at room temperature and must
be cooled to obtain laser action. Figure 9 shows a labora-
tory device for investigating materials for laser action.™
The liquid helium in the inner container can bring tem-
peratures down to 20 K. The pumping-light source is
separated from the crystal under test by a glass window
that preserves the vacuum in the chamber containing
the crystal. Thus, different types of lamps pumps and
filters can be tried with a crystal without having to break
the vacuum. (The vacuum is broken when a crystal is
inserted.) This test configuration, which is called a
cryostat laser, will also be used to investigate the effects
of temperature on laser operation.
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Input to the responder is 13-Kc note of ultrasonic dog whistle
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System uses ultrasonic signal to actuate responder located in predetermined spot.

By M. R. McCANN
I. ALEKSANDER,

Standard Telephones and Cables,
Limited. London. England

A SYSTEM that enables a blind per-
son to locate a predetermined posi-
tion in a given area by aural means
can be useful. As an example, the
device described here lets a blind
person locate the entrance to his
house at any time from any point
in his garden, which may be as
large as 100 yards square.

This system consists of an actu-
ator held by the user, and a re-
sponder at the homing point. Prime
requirement of the actuator is that
it be as simple as possible so as to
require minimum maintenance by
the user. The most suitable actu-
ator is an ultrasonic dog whistle,
which is readily available to blind
persons. The responder is a tran-
sistorized unit that receives the sig-
nal produced by the dog whistle and
emits an audible signal for a pre-
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determined period of time.

Since the average ultrasonic dog
whistle can be tuned to an approxi-
mate fundamental frequency of 13
Ke, the primary requirement of the
responder is that it contain a sensi-
tive amplifier tuned to 13 Ke. Band-
width of the amplifier takes into
account that too narrow a band-
width requires too accurate a tun-
ing of the whistle, while too wide a
bandwidth produces spurious op-
eration in response to such natural
sounds as bird noises. Bandwidth
of approximately 2 Kc is the opti-
mum value.

The amplifier output is detected
and triggers a monostable relay cir-
cuit whose on time can be set. A
relay contact actuates an aural sig-
nal such as an electric bell or an
audio oscillator.

The amplifier has three tuned
stages (Q, — @;) as shown in the
circuit diagram. Each stage has a
bandwidth of 700 cycles, the center

frequencies being staggered to 12.5
Ke, 13 K¢, and 13.5 Ke. This pro-
vides a reasonably flat response
over a total bandwidth of 1.7 Ke.
The turns ratio of the transformers
is 12.5 to provide interstage match-
ing. A tuning capacitance of 0.02
uf is used in each stage and the pri-
mary turns are 125, 120 and 115,
providing the center-tuned frequen-
cies of 12.5 Ke, 13 Ke, and 13.5 Ke¢
respectively.

The primary inductance required
to tune the transformer to 13 Kc is
7.3 mh. A Ferroxcube former type
LA1 wound with 32 swg (standard
wire gage) enameled copper wire is
used. The 1,500 ohm resistors in
the secondaries of the transformers
standardize the bandwidth, prevent-
ing it from being smaller than the
required value. All transistors are
STC TK41C.

The untuned amplifier stage (Q.)
gives the responder maximum gain
and yet prevents operation of the
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Authors conducling experiments to find usable range of the system

RESPONDER AIDS BLIND

Responder emits audio signal that leads blind person to the predetermined position

device by interna‘ noise in the ini-
tial stages.

The detector cpnsists of signal
diode D, and reservoir capacitor C,
in the base circuit of the mono-
stable stage Q.. A 1-v peak-to-peak
signal appearing across sensitivity
control R, causes Q. to conduct,
energizing relay K, in its collector
circuit. A changeover contact in-
troduces capacitor C. between the
base and the collector of transistor
Q:;. Charging current of C. flows
partly into the base of Q. and partly
to ground through the potentiom-
eter R.. This provides a maximum
time constant of about 25 seconds
during which the relay is energized.
Potentiometer R. is used to make
this time constant variable down to
a fraction of a second. When C. is
fully charged, relay K, will be de-
energized, thus allowing the C. to
discharge through R,

Contacts of K, also close a bell
circuit and cut the supply to the

October 27, 1961

amplifier, preventing audio feed-
back from bell to microphone. Ca-
pacitor C, in the supply line pro-
vides a reasonable time constant
to the fall-off of signal to the de-
tector thus ensuring that C, does
not lose its charge before the mono-
stable circuit is securely locked on.
Resistor R, drops the supply to the
amplifier to 9 v and limits current

I DIRECTION OF

MICROPHONE
—— U

«VDJ

Direction of microphone affects
range of signal pickup

surges flowing into C,. Sensitivity
of the amplifier is such that the
relay is triggered with a signal of
0.5 v rms from a Lustraphone
LFV /H59 microphone.

The system could be extended to
cover the identification of more
than one point by using several
whistles tuned to various frequen-
cies associated with various re-
sponders.

Transistors are suited to this ap-
plication because of their inherent
reliability which is the prime factor
in any aid for the blind.

The authors thank Standard
Telephones and Cables Limited for
permission to publish this material,
and acknowledge the assistance
given by other members of the tran-
sistor applications dept. in the ex-
perimental work.

The equipment described here
was developed to fulfill a require-
ment of St. Dunstans Institute for
the Blind.
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R-F Techniques for CONTROLLED

Reaching 100,000,000 degrees K in a plasma discharge is the first step to controlled

thermonuclear fusion and the direct production of electrical energy

Plasma breakdown and ohmic heating circuits for the C-stellarator are covered

By C. D. ALLEN,
G. A. SENIOR,
S. M. ZOLLERS,

Industrial Electronic Products,
RCA, Camden, New Jersey

TECHNIQUES for heating confined,
fully ionized gases (plasmas) to
millions of degrees K are vital to
research on controlled thermonu-
clear fusion. The use of high-power
r-f energy to produce such plasma
temperatures holds considerable
promise’ and has resulted in a mar-
riage between the disciplines of
plasma physics and high-power
transmitter engineering. The ulti-

mate goal of this research is dis-
covery of means of controlling ther-
monuclear fusion and efficiently
producing electrical power there-
from'=,

In the United States, fusion re-
search is being carried out under
Project Sherwood* of the AEC. One
major approach, pursued at the
Princeton Plasma Physics Labora-
tory (formerly called Project Mat-
terhorn) of Princeton University,
has concentrated on the Stellarator
concept™®—now in its third genera-
tion with the construction of the
model-C stellarator facility.

The thermonuclear reaction of

interest involves the controlled fu-
sion of a fuel of hydrogen isotopes
—deuterium and/or tritium—to
form helium, nuclear particles, and
a surplus of electrical energy. To
produce a controlled fusion reac-
tion, the fuel must be ionized by
heating to form a plasma, and then
further heated to extreme tempera-
tures. Such heating, coupled with
confinement in a given volume for
sufficient time, theoretically should
cause the ions to collide energet-
ically enough to overcome the
strong repulsion forces of their like
charges—and thus fuse.

In a sense, there are two tem-

FIG. 1—C-stellarator during construction. The ohmic heating transformers at each end of the device
are connected to the isolation transformer through 78 lengths of 1-in. diameter coaxial cables wound

around a 2-ft diameter support
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perature conditions of concern to
fusion researe¢h. These are the pro-
duction of plasma temperatures of
millions of degrees K for basic
studies of their characteristics and
the conditions necessary for fu-
sion collisions, and, ultimately, to
achieve a self-sustaining fusion re-
action by preducing an ignition
temperature such that the gener-
ated power in the plasma would
exceed energy losses. Depending on
the fuels involved and the charac-
teristics of the reaction, such an
ignition temperature may range
from 100 million to 400 million K
or more. L

The problem ¢f ignition tempera-
ture, as well as many others, must
be solved before actual produection
of electrical power can be achieved
without a conventional, inefficient
heat cycle and with the advantages
of cheap inexhaustible fuel (deu-
terium from sea water), safety
from run-away reactions (the
amount of reacting material is
small) and absence of a disposal
problem (ashes of a complete fusion
reaction are not radioactive). To
date, a successful controlled-fusion
reaction has not been knowledge-
ably achieved, emphasizing the im-
portance of more plasma research.

The C-stellaratar shown in Fig. 1
is a research facility and is not in-
tended to produce electric power
or sustain a fusion reaction. Its
plasma temperatures, of the order
of 100 million K, will be provided
hy three heating schemes using
high-power r-f efuipment, ener-

gized in sequence by a precision
timer. The core of the C-stellarator
is an 8-inch diameter, racetrack-
shaped vacuum vessel with an axial
circumference of about 40 feet. A
pulsed magnetic field of up to 55,000
gauss, produced by coils surround-
ing the vessel and energized by 12
generators of 200-Mw d-c output,
confines the hot plasma within the
vessel. Such confinement increases
the probability of fusion collisions
and prevents cooling of the hot
plasma by contact with the vessel
walls. The plasma initially must be
at low density, since outward pres-
sure against the magnetic field in-
creases with temperature. The
plasma must also be of extreme
purity to limit radiation losses
from heavier nuclei impurities.
Both these requirements are met
by the ultra-high vacuum system,
which produces initial pressure in-
side the vessel as low as 10 mm
Hg.

The r-f equipment for the facility
consists of three systems. The B,
or breakdown system, and the OH,
or ohmic heating system, are now
installed. The IH, or ionic heating
svstem, is still in the design and
development stage.

The B-system output is connected
across a ceramic section in the vac-
uum vessel to ionize or break down
the gas to form the plasma. The
equipment is rated to produce pulsed
power up to 400 Kw peak at a nom-
inal frequency of 100 Ke. Provision
is made for altering the frequency
up to 200 Kc¢, with variable fre-
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FIG. 2—Breakdown heating system (A) and ohmic heating system (B).
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quency envisioned as a future modi-
fication. Pulse width of the B sys-
tem is variable from 0.2 to 10 msec.
A 70-Kva c-w mode of operation of
this equipment is also specified for
possible use in heating the vacuum
vessel during the initial bakeout
to aid in attaining the highest pos-
sible vacuum.

The OH system provides the
principal heating of the test gas.
Energy is coupled into the plasma
by induction, since the use of elec-
trodes that might come in contact
with the gas would cool it and prob-
ably contaminate it by release of
heavy ions. The induced current is
expected to produce a maximum
temperature of 1 million K by I'R
losses in the plasma. The output
of the OH equipment is provided
by pulsed operation of six parallel-
connected power tubes energized
from a capacitor bank capable of
500,000 joules of energy storage.
The amplitude of the output is fully
adjustable to peak pulse current of
50,000 amperes in the plasma, and
in pulse duration from 0.1 to 5
msec. Operation without the power-
amplifier tubes is possible with lim-
ited amounts of the stored energy
being switched by ignitrons in an
over-damped discharge.

After experiments with the r-f
equipment as initially installed,
even greater flexibility is to be pro-
vided by modifications. In such fu-
ture operation of the OH equip-
ment, provision is to be made for
feedback control of the pulse shape
from the plasma current or plasma
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Ohmic heating will raise plasma temperature
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voltage. In addition, pulses of 10-
Kc sine waves will be available
from the push-pull connection of
the power amplifier.

The IH system is expected to
provide heating from 1 million K
to 100 million K. The magnetic-
pumping action in this type of heat-
ing is described by Spitzer.”

For the gas within the C-stella-
rator to be confined effectively by
the magnetic field and to be heated
by the r-f equipment, it must first
be ionized. Ionization can be accom-
plished by either a d-c or an a-c
voltage pulse; a-c is preferable be-
cause it avoids acceleration of par-
ticles of high velocities. R-f energy
above 50 Kec is satisfactory for
ionization and at the same time,
produces relatively small net ac-
celeration. Therefore, the B sys-
tem shown in Fig. 2A operates at a
frequency of 100 or 200 Kc, as ex-
perimental conditions require.

Three air-cooled stages of r-f am-
plification are used in the equip-
ment; a master oscillator using a
85T triode, driver amplifier consist-
ing of two 4CX5000A tetrodes in
parallel and the power amplifier
with two ML-6697 triodes in par-
allel. The output power is trans-
former-coupled to the C-stellarator.

The B system operates in either
a continuous wave or a pulsed mode.
The power output is continuously
variable from 5 to 70 Kva in ¢-w
operation, and from 0 to 400 Kw
during pulse operation.

The master oscillator operates
continuously in both modes of sys-
tem operation. Its self-excited Col-
pitts circuit has a measured fre-
quency stability during warmup
and long-time operation of better
than +3 percent, more than ade-
quate for this application.

In c-w operation, the power out-
put is controlled by adjustment of
the grid bias of the driver-ampli-
fier tubes. A motor-driven potenti-
ometer, controllable either locally
or remotely at central control, is
used to vary the fraction of the
bias-supply output voltage that is
applied to the driver grids. Since
both the driver and the power am-
plifier operate as linear amplifiers,
the output power is directly con-
trolled by this bias adjustment, be-
cause it controls the amplitude of
the r-f signal effective in causing
conduction in the driver tubes.
Driver plate power is supplied by a
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FIG. —Ohmic heating energy storage room

75-Kv unitized rectifier in both
pulse and c-w modes, but the power
amplifier is energized from this
supply only in c-w. Tube param-
eters are monitored by conventional
meters and by test jacks made avail-
able for oscilloscope observation.

In pulse operation, the quiescent
bias on both the driver and the
power-amplifier tubes is beyond
cutoff. The grids of the driver are
keyed to reduced bias to permit the
output from the continuously run-
ning oscillator to be amplified for a
duration controlled by trigger
pulses furnished by the precision
timer in central control. Experi-
ments on previous stellarators indi-
cates that the desired ionization
level will be produced within a few
milliseconds at 1,000-volt potential
across the ceramic section of the
vacuum vessel. However, for flexi-
bility in the testing program, two
modes of pulsing have been pro-
vided ; a normal mode, in which the
pulse length may be varied from 0.2
to 10 msec at a repetition rate up
to 3 pulses per min. and a rapid
mode in which the pulse length may
be varied from 0.2 to 1.0 msec at a
repetition rate of 10 pulses per sec.

The keyer circuit consists of a
multivibrator, cathode follower and
keying tube. The multivibrator is
a conventional cathode-coupled mon-
ostable circuit set for a constant
10-msec output pulse. The time at
which the pulse is initiated is con-
trolled by the start pulse from the
precision timer. The width of the
pulse applied to the system may be
shortened by the application of a
second or stop pulse also generated
by the timer. The rectangular

waveform generated at the nor-
mally ON plate of the multivibrator
is coupled by the cathode follower
to the keying tube to prevent load-
ing from affecting the multivibra-
tor. The keying tube is part of a
voltage divider across the bias
power-supply voltage, with the plate
of the keying tube grounded and
the driver grids connected to its
cathode. Thus, the plate-to-cathode
voltage of the keying tube is the
bias voltage applied to the driver,
so that the drivers are able to am-
plify the r-f signal only when the
keying tube is driven to low plate
resistance by the positive pulse gen-
erated by the multivibrator.

In both the normal and rapid
modes of operation, the pulse rise
time is 50 psec, measured at 90 per-
cent of peak value. The time for
the trailing edge of the pulses to
decay to 5 percent of peak value is
15 psec, which is only one and a
half periods at 100 Kc. Since the
required Qs of the tuned resonant
circuits of the r-f stages are too
high to permit such a short decay
time, loading resistors are switched
in at the end of the r-f pulse. Hy-
drogen thyratrons are used as
switch tubes to provide loading to
the driver output pi-coupling net-
work and to the tuned primary of
the output transformer. These thy-
ratrons are fired by the stop pulse,
causing the energy in the tuned cir-
cuits to be quickly dissipated in the
resistors switched in for this pur-
pose. At the same time, feed of
further energy is stopped by the
termination of the keying pulse.

In pulse operation of the system,
plate power for the power ampli-
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FIG 4—Ohmic heating driver and power amplifier

fiers is supplied from a 25-section
pulse-forming network. In the
rapid mode of pulse operation, only
five sections of the pulse-forming
network are used. The whole line
is used in the normal mode. The
network is charged from a 3-phase
voltage-doubling rectifier to a volt-
age adjustable between 0 to 30 Kv.
When the line is terminated in its
characteristic impedance of 300
ohms, it is capable of supplving a
constant 50 amperes at 15 Kv for
10 msec.

When jonizing the test gas in the
C-stellarator, the load presented to
the power amplifier changes rap-
idly. The 100-Kc impedances are
likely to pass through the range of
0.01 + 75.0 ohms initially, to 1.25 +
71.25 ohms, and finally to 0.1 +
71.25 ohms when the gas is fully
ionized. Transformer coupling

matches the high impedance of the
power amplifier tank circuit to this
low-load impedance range. All test-
ing has been done into the dummy
load provided in the system at a
nominal impedance of 1.25 4 71.25
ohms but operation ints the ex-
treme impedances has been thor-
oughly tested by modifving the
dummy load. A motor -operated
load-transfer switch connects the
secondary of the coupling trans-
former to either the dummy load or
to the C-stellarator.

The power amplifier is the pivotal
point of the OH system (Figs. 2B,
3 and 4), since the rest of the de-
sign is influenced strongly by the
choice of power amplifier tubes.
Developmental A15030 super-power
beam triodes, having a peak pulse

power output rating on the order
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of 20 Mw. are used. These tubes
are designed for a maximum in-
stantaneous plate voltage of 50 Kv
and a peak pulse cathode current
of 640 amperes per tube.

The small duty cycle (0.01 max-
imum) means average plate dissi-
pation of the tubes is well below
ratings. The 840-ampere peak cath-
ode current, which may be required
per tube, is beyond anticipated
emission capability at rated fila-
ment temperature. Provision hag
been made to pulse up the filament
voltage to raise the temperature to
2,075 C and thus provide the re-
quired emission.

Early experiments to be per-
formed require that the OH system
produce a pulse of current in the
plasma which is fully adjustable in
magnitude to a peak value of 34.000
amperes, .adjustable in duration
from 0.1 to 5 msee, to have the rise
and fall of a 5-Kc sine wave and to
have pulse repetition rates up to 3
a minute with full pulse width, or
10 pulses per sec with 1-msec max-
imum duration.

Provision has been made for
pulsing the plasma current as high
as 50.000 amperes to permit investi-
gation of theoretically predicted in-
stability. Under conditions for ob-
taining this higher-current pulse,
rise time is limited to 0.22 msec and
maximum repetition rate is 3 pulses
per min.

The large amount of stored en-
ergyv needed to produce the current
pulse requires that the power am-
plifier tubes be nrotected from fault
damage. A fault-detection circuit is
used which is insensitive to the
normal voltage pulses appearing at

the grids and cathodes of the tubes.
The fault-detection circuit reacts to
a difference in voltage developed be-
tween the tubes when a fault occurs
in one of them. The signal devel-
oped by the fault-detection circuit
is applied to crowbars on the en-
ergy-storage banks and on the sec-
ondary of the isolation transformer
so as to divert nearly all energy
from the faulted tube. Tests indi-
cate that the crowbars fire less than
4 psec after a fault signal occurs.
Drive for the power amplifier is
obtained from a cathode follower
consisting of twenty-four 4CX-
5000A tubes connected in parallel.
These have a combined transcon-
ductance of nearly 1 mho and peak
power-output capability of 400 Kw
in this application. The energy for
the pulse is obtained from a 5 Kv,
1,000 uf capacitor bank that
serves as a platespower supply for
the cathode followers. The 12,500
joules stored in this bank are di-
verted from a fault in the cathode
followers by a single 5555 ignitron
crowbar. The cathode follower is
driven by a series of class-A volt-
age-amplifiers, the last of which is
a group of four 4CX5000A tubes.
An exciter provides a reference
pulse shape and its timing and
duration are determined by pulses
from the precision timer at central
control, or if desired, by a local
timer. Provision has been made
for the use of feedback to produce
the desired shape of current pulse.
Output of the power amplifier
tubes is coupled to the plasma
through a transformer in the plate
circuit. This affords voltage isola-
tion and a choice of two impedance
transformations through a tap
changer. To reduce lead inductance,
the tap changer switch is mounted
under oil in the isolation trans-
former case. This switch also pro-
vides for either clockwise or
counterclockwise induced current in
the plasma at both turns ratios.
Two power-amplifier carriages
have been provided with space for
five tubes on each carriage, al-
though three tubes per carriage
are expected to deliver the required
power to the plasma. Each tube
is housed in an insulating enclos-
ure containing a gas of high dielec-
tric strength so that voltages nearly
twice the maximum instantaneous
rating of the tube may be handled.
In addition to the tubes, the car-
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riages support the filament trans-
formers, filament voltage controls,
insulating water coils and tube
fault-detection and indicator cir-
cuits related to each of the power-
amplifier tubes. Voltmeters and
ammeters for filament power, flow-
meters for the cooling water for
plates and grids, and the water-sup-
ply header are mounted on a 9-by-
7 foot panel bolted to the front of
each carriage.

The connections between the
energy-storage capacitor banks and
the isolation transformer, and be-
tween the isolation transformer
and the power-amplifier tube plates
are coaxial to reduce lead induc-
tance. This reduces voltage drop in
the inductance of the connections
and therefore reduces the level of
high voltage. The coaxial structure
near the tubes must withstand the
same voltages as the plates of the
tubes themselves. Air was selected
for the dielectric for this coaxial
line designed to withstand a peak
operating voltage of 90 Kv. How-
ever, no safe means of connecting
the tube plates to the inner con-
ductor of the coaxial line was ap-
parent. Therefore, a transition
section was designed to permit the
short section of the line nearest
the power-amplifier tubes to be op-
erated with the inner conductor
grounded and the outer one at high
voltage. This arrangement facili-
tates connecting the tube plates in
parallel, since they are arranged
it a circle around the line. No op-
erating hazard results from this
connection since the entire ampli-
fier is in a shielded enclosure.

A load-transfer switch on the
isolation transformer permits con-
nection of the secondary winding
to a dummy load or to 78 parallel
lengths of RG19A/U coaxial cable.
These cables provide a low-induc-
tance connection between the isola-
tion transformer and a pair of
transformers mounted so that the
vacuum vessel passes through the
window of their cores. Thus, the
plasma is the secondary winding
of these coupling transformers.
The coupling transformers are con-
nected with their primaries in
parallel, but the single-turn of
plasma (the secondary turn com-
mon to both transformers) has the
induced voltage from the two trans-
formers effectively aiding in series.

Plate supply voltage for the
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power amplifier is derived from two
separate rectifier systems. These
rectifiers may be independently ad-
justed to meet the various require-
ments of the experiments.

The low voltage supply, rated at
3 Kv, 50 amperes, may be connected
to a bank of capacitors arranged
in nine groups of 4,500 pf each.
With all nine groups in parallel,
the resulting 40,500 uf stores the
main portion of the energy require-
ments for first-stage experiments.
The groups of capacitors can be
rearranged from parallel to series
connection by removing a pair of
connectors at each group. With the
bank so arranged, the total capaci-
tance is 500 uf and may be charged
to 45 Kv with a resultant energy
storage of over 500,000 joules.

A pair of 9-uf capacitor banks
can be charged by a pair of high-
voltage rectifiers as high as 60 Kv.
The high voltage from this bank
of capacitors is applied to the plates
of the power amplifier tubes to
obtain the desired rate of rise of
current in the inductance.

Type 5555 ignitrons are used as
high-voltage switches and high-
current crowbars in unusual com-
binations of series and parallel con-
nection. These ignitrons are an
example of application of available
components to meet requirements
outside of their published ratings.
The ignitrons are rated for 2,400-
volt maximum forward voltage
and for 6,000-ampere maximum
peak current. It has been found by
experiment that these ignitrons
will withstand at least 15 Kv in for-
ward or reverse directions and up
to 70 ampere-seconds in high-cur-
rent discharges. Advantage has
been taken of these facts in con-
necting five ignitrons in series to
provide a suitable crowbar for the
high-voltage capacitor banks. A
peak current of 60,000 amperes
may be expected, but this is within
ignitron ampere-second ratings.

Two switches, each consisting of
five ignitrons in series, connect the
high-voltage capacitor bank and
the low-voltage capactior bank to
the plate circuit of the power am-
plifier tubes. These switches must
withstand a voltage of 60 Kv each
and pass a peak current of 5,000
amperes. Their operation is con-
trolled by timing pulses from the
precision timer.

Crowbars for the nine groups of

4,500-uf capacitors consist of eight
ignitrons connected in parallel or
series.

The r-f equipment is intended for
experimental use by physicists and
others who may not necessarily be
familiar with its hazards. In addi-
tion, large amounts of stored
energy must be available to produce
the high pulse-power level needed
in the experiments. Therefore, the
safety requirements of this instal-
lation are more severe than for or-
dinary broadcast equipment. All
access doors and panels are inter-
locked in the conventional way, and
the status of the interlock system
is summarized at both local and
central control. Access to all areas
in which conductors that may con-
nect to the stored energy are
located is by a system of key inter-
locks. These interlocks require that
all power be turned off to make a
key available. This key must be
used to unlock a grounding switch
which when locked in the safe posi-
tion, makes available another key
that permits entry into the energy-
storage area. Emergency OFF but-
tons are available in various places
throughout the building to remove
all power if needed. The connection
of the B and OH system outputs to
the C-stellarator is by motor-oper-
ated load-transfer switches that
must be cycled to the dummy load
positions, in which no output
energy can be fed to the C-stellara-
tor, before access is gained to the
room.

The authors acknowledge the
contributions to the development
and design program of the many
people associated with it; partic-
ularly C. J. Starner, J. Q. Lawson,
N. J. Oman and J. H. Roberts.
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Pulse analyzer and
counter circuits automa-
tically cquer wide trans-
mission band to provide
comprehensive analysis of
solar x-radiation existing
in outer space.

By JOHN ACKROYD,

Bristpl Aircraft Ltd.,
Bristpl, England

Compact spectrometer uses subminiaturc components arranged in four
stacks on printed circuit boards. Unit is small enough to fit cupped hands

ORBITING SPECTOMETER

Plots Solar X-Rays

ONE EXPERIMENT included in the
first British-instrumented Scout
satellite is a detailed investigation
of solar x-rays in wavelengths be-
tween 4 and 14 angstroms. Previous
simpler experiments for this band
used the transmission properties of
an x-ray detector window to define
the wavelength, and measured all
radiation transmitted by the win-
dow. This experiment uses a de-
tector window with a wide trans-
mission band, and the wavelength
range is resolved into finer detail
electronically.

X-rays are detected by a gas
counter that produces pulses whose

X-RAYS VARIABL

heights are proportional to the en-
ergies of the incident x-rays.

The experiment is carried out
jointly by the Departments of
Physics at University College, Lon-
don, and the University of Leices-
ter, under the auspices of the
British National Committee on
Space Research.

The electronics was designed and
built by the Guided Weapons de-
partment of Bristol Aircraft Lim-
ited, a company of British Aireraft
Corp.

Figure 1 shows the basic block
diagram of this equipment. Design
of the spectrometer is based on two

3
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LEVEL CHANGING
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v, -
PULSES OBTAINED FROM TELEMETRY

FIG. 1—X-ray spectrometer uses proportional gas counter technique to
determine intensity of x-1ray emanations. Discriminator and counter circuits
define pulses passing in seleeted range
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fundamental properties of the de-
tector. The amplitude of the output
pulse of the detector is propor-
tional to the energy of the incident
radiation; and the rate of the
pulses produced is a function of
the intensity.

A graph of intensity plotted
against wavelength (the radiation
spectrum) might be derived by
measuring the rates of pulses of
selected amplitudes.

This ideal operation cannot be
carried out in fact, so a compromise
is made. Instead of selecting pulses
of a given amplitude, the pulse
height discriminator, Fig. 2, selects
a range of pulses falling between
two limiting amplitudes.

All pulses in the selected range
pass through the timing gate
(opened for a fixed time) to the
counter. The counter registers the
average intensity of radiation fall-
ing in the given wavelength band.

When this measurement is com-
pleted and the results are transmit-
ted or recorded, the level selected
by the variable pulse height dis-
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Technician adjusts wavelength range

criminator is changed to an adja-
cent wavelength band. This se-
quence is repeated five times to
cover the full range of wavelengths
(Fig. 3A).

It would be interesting to divide
the wavelength range in more than
five steps, but certain restrictions
prevent this. A fine division would
produce an enormous amount of
data to be transmitted over the te-
lemetry link but this is not the lim-
iting factor. Noise in the system is
the most serious limitation, as
noise effectively diffuses the limits
of selected wavelength ranges.

For example, consider a pulse
with an amplitude equivalent to the
lower limiting value of one setting
of the pulse height discriminator.
Random noise, added to the signal,

of pulse-height discriminator

will appear sometimes in the re-
quired range, and sometimes in the
next one below. Similarly, a pulse
which should be just below the level
of the required range when noise is
present may occur in the range be-
ing observed. This introduces un-
certainty between successive
ranges. In fact, it is convenient to
consider that all noise in the system
occurs on the boundaries of the
pulse height discriminator range.

If the range is made narrow com-
pared with the noise, then the up-
per and the lower boundaries may
overlap, and the acceptance band
effectively ceases to exist. The mini-
mum width of the range must be
greater than the sum of the noise
on each boundary, and so for each
getting there will be a pulse ampli-

tude which will occur without am-
biguity in the chosen range. To
achieve this the number of steps
were limited to five and the center
of each range gives a definite read-
ing for about 50 percent of the
range.

In the pulse height discrimina-
tor, Fig. 2, the two trigger units
are high-gain amplifiers with trans-
former feedback biased past cutoff
by voltage dividers R, and R.. They
are supplied from 5.6-v zener diode
stabilizer D,. Although a lower
voltage is required, low-voltage
stabilizers have too high a slope
resistance at low currents, and the
5.6-v device has a low temperature
coefficient. The voltage dividers are
set at different values. This differ-
ence in triggering amplitude corre-
sponds to the range of the discrim-
inator level.

For low-level input pulses, nei-
ther trigger operates. At a slightly
higher (predetermined) level the
first trigger operates while at high
levels, both triggers operate.

By inhibiting gate, Q. with pulses
from the second trigger, only input
pulses within certain ranges can
produce pulses at the output.

Level changing is effected by sub-
tracting a known voltage from the
input pulse, (Fig. 3A). This volt-
age is derived from a divide-by-five
counter and digital-to-analog con-
verter. Voltage is changed in steps
by the initiating pulses applied to
the counter.

The pulse amplitude required to
operate the first trigger in the low-
est step setting must correspond to
radiation of 14 A wavelength and
the amplitude required to operate
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] P R
3.3k | 297K -
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) o_,
>
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AMPLIFIER —_— 230I4 0.01
— 3
0.0 . !
9
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) -6V
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FIG. 8—Pulse height discriminator oirouit selects a range of pulses from gas counter
electronics
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FIG. S—FNM range of wavelengths is divided into five steps.
and pulses having no effect (A); typical binary stage

significant digit readout gate (C)

the second trigger in the highest
step setting must correspond to
radiation of 4 A

By determining the pulse ampli-
tude for these conditions, the am-
plifier gain can be calculated. This
turns out to be about 72 db.

The pulse| amplifier is driven
from a gas tube that provides a
current pulse jof about 0.5.a, and is
required to Wwork into the pulse
discriminator| The gain of the am-
plifier must be stable over a wide
range of temperatures and supply
voltage. To attain this, the ampli-
fier comprises three transistor
pairs. Each pair has a large amount
of feedback for final temperature
stabilization. The feedback loop in
the last pair includes a thermistor
as a temperatupe-sensitive element.
The coupling |time-constants are
made relativelyt short to minimize
low-frequency nhoise.

Frequency response of the am-
plifier must be good, as the input
is a random pulke of about 1/2 usec
width. However, the frequency
problem is simplified because the
gas tube gives a pulse shape that is
inherently constant.

High stability and linearity is
essential in theldiscriminator cir-
cuit. The rest of the equipment
handles pulse gignals in binary
form and so stability is no longer
important. The average rate of the
pulses produced by the pulse height
discriminator is measured by open-
ing the timing gate for a fixed time
and counting the pulses passed in
a 15-register bingry counter.

Figure 1 showsy this timing gate
as a separate unit, but in practice
the timing signal | (or more strictly
the complement of it) is applied as
an additional inhibit signal to the
gate in the pulse|height discrimi-
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INPUT RESET

kse (B)

PULSE

nator. Thus this gate is always
held closed except for the required
timing period.

In designing the binary counter,
the power consumed must be low,
therefore the stages are graded.
Low speeds stages can have higher
resistance collector loads and work
at much lower currents than the
high-speed stages.

The circuit problems introduced
by operating at low currents are
mainly due to reduction in gain, so
transistors with inherently better
performance than would be nor-
mally required are chosen to allow
for degradation. Conventional cir-
cuits are possible in the 15-stage
counter. A typical stage is shown
in Fig. 8B. To economize in cur-
rent, only the first three stages op-
erate with relatively high collector
currents, R, and R. + R, are 5,600
ohms; and @, and Q., 2N496 tran-
sistors. Subsequent stages have in-
creasing values of collector load and
0C201 transistors can be used.
It is possible to operate the 8th
stage and all others with 22,000-
ohm collectors.

With low-current operation, the
signal currents are comparable
with the leakage current. Compen-
sation against changes of leakage
current normally consumes a lot of
power, so silicon transistors were
chosen because of their low leakage
current, even though germanium
devices can operate over the re-
quired temperature range.

Two types of output are taken
from the counter. The first is a
straightforward 15-bit parallel bi-
nary output encoded by the teleme-
try for direct transmission. The
second output is an analog signal
that indicates the most significant
digit in the counter; this gives

{‘*-GV
QUTPUT

INPUTS W Tape
i » = RECORDER
& =Pl

6 ——p— ¢

8 ——pp—— | (C)

Discriminator determines pulses inhibited, pulses passed,
of counter is planned to ecomomize in current (B); and most

bandwidth compression to allow in-
formation to be stored in a tape re-
corder of lower signal capacity.

Figure 3B shows a secondary
output taken from the collector of
Q.. This does not give the full volt-
age swing of the binary. In the
0 state, Q. is cut off so the auxiliary
output will indicate the supply volt-
age, but in the 1 state it will indi-
cate a negative voltage depending
on the ratio of R, and R, This
voltage is arranged to coincide with
the significance of the stage, the
most significant stage giving the
largest swing and consequently the
most positive output voltage in the
1 state. All these outputs are com-
bined in a simple diode AND gate
which gives an output voltage
equivalent to the most positive input
signal present (see Fig. 3C).

Only the last stages have this
output because of the high accuracy
required to resolve more than eight
levels of voltage out of the gate.
With this, system compression is
attained at the expense of accuracy,
but the wide dynamic range of the
counter is maintained.

The subminiature components
are arranged on printed-circuit
boards. Each board is 53-in. diam.
disk to be accommodated in a cy-
lindrical instrumentation container.

The author recognizes the col-
laboration of R. I. Evans, M, Grif-
fiths and A. F. Spiller of Bristol
Aircraft Limited GW Engineering
Department, in the design and de-
velopment of this equipment.

A full paper on this x-ray spec-
trometer was presented at the
British Institution of Radio Engi-
neers, 1961 Convention on Radio
Techniques and Space Research,
held at the University of Oxford,
July 5 to 9.
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FIG. 1—Interconnected feedback loops (A) are more difficult to treat mathematically than cascaded amplifiers with

separate feedback loops (B)

GAIN-STABILITY CALCULATIONS FOR
Production Feedback-Amplitiers

Open loop gain from amplifier-to-amplifier in a production run may vary
by as much as fifty percent owing to differences in components and sup-
ply voltages. This article discusses methods of anchoring the loop gain
to within specified limits, using specific amounts of feedback

By A. M. MORGAN VOYCE, System Design Engineer,

General Electric Co., Syracuse, N. Y.

WITH THE increasing use of amplifiers as precision
devices, the prediction of their gain stability is im-
portant to both designers and amplifier end-users.
This article describes in detail a method of calcu-
lating amplifier gain-stability that is based upon the
ratio of closed to open loop gain: a method useful in
designing and analyzing the behavior of both solid-
state and vacuum-tube amplifiers.

Use of negative feedback to stabilize the gain of
an amplifier is described in the equation

AL
Az = (I BAL) W
where A, is the closed loop gain, A is the open loop
gain, and B is the fraction of output fed back to the
input. Factor B is designated a negative quantity
since it opposes the input.

Equation 1 shows that as A, approaches infinity,
the value of A, approaches 1/B and consequently the
amplifier gain becomes substantially independent of
the amplifying elements. In any practical case there
is a limit to the value of A,/A, that is set by gain-
bandwidth considerations, by the Nyquist stability
criterion, and by input-output phase relationship of
the circuit. There are two distinct methods of over-
coming these limitations: interconnected feedback
loops (Fig. 1A) and cascaded amplifiers with sep-
arate feedback loops (Fig. 1B). The second method is
easier to treat mathematically and is therefore more
commonly used. Use of voltage or current-derived
negative-feedback to improve gain stability can be
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described as follows:

S = (Ap — Ap)/Ae @)
where S is the amplifier gain stability, As is the re-
quired amplifier gain (the closed-loop gain), and A,
is the variation in gain from all causes.

The ideal amplifier with perfect gain stability

meets the condition A, = A, (actual gain equals the
required gain), so that S = 0 error. Since Eq. 2
and 3 may have negative or positive values corre-
sponding to negative or positive gain errors, the
gain may be more or less than the required value.
Let the variations in amplifier open-loop gain A, be
described 6A,, where # is an independent variable
between the limits of 0 and o0. Furthermore, let

ad AL
Euor @

then A, = KA, and Eq. 1 may be written as

KA
Ar = T+ BKA4n) ®)

and further development yields
_ KAzo___
Ae= T BK A0 ©
It is then possible to substitute the new expres-
sions for A; and A, in Eq. 2 to get

= @

From Eq. 1 B = (A, — A /(AL Ag) but A, =
KA, so that

B=(K—-1/KAg (8)

and substituting this value for B in Eq. 7 and ex-
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Cinch Hinge Connectors eliminate contact damage caused by the high
insertion and extraction forces encountered with ordinary multi-contact
(20-100) Connectors...ideal for use in space-limited areas.

The exclusive Cinch Hinge Connectors are available with 20-100 contacts. Hinge Connectors
are ideal for applications where a reliable multi-contact connector is needed for use in a limited area.
The ingenious Hinge and Latch principle is foolproof and provides added reliability.

Use of this unique series of connectors eliminates damage to contacts caused by the excessive
insertion and extraction forces encountered with ordinary connectors having large numbers of contacts.
Only one finger is necessary to operate the latching device to open and close Cinch Hinge Connectors.

Another feature of the Cinch Hinge Connector is the design of the contacts. Positive Contact
is always maintained because of the pressure action of the wiping contacts. This flexible contact
design eliminates high insertion and extraction forces and provides added reliability.

In addition to the Standard Hood for use with 20-100 contact Hinge Connectors, Cinch now
has a new space-saving shallow hood available for 20-50 contact hinge connectors. Both can be
supplied with cable entry holes in top or end, with or without cable clamps and/or liners.

For further information, contact the nearest Cinch Sales Office in your area.

|
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CONNECTOR
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pressing S as a percentage gain change, then

. 100(0—1)
SP=T+®=-10 .

Equation 9 is displayed in Fig. 2, with S percent
as a function of # for various values of K. The
straight line K = 1 is included to represent an am-
plifier without negative feedback for providing gain
stability.

Equation 9, in cartesian coordinates, has the prop-
erties: For @ > 1, the curve is in the first quadrant
and has an asymptote which is a function of K. For
§ < 1. the curve is in the third quadrant making S,
the percentage error, negative. The slope of the curve
ig also greater where 8§ < 1.

It is also interesting to calculate the value of loop
gain for a desired value of gain stability. Rearrang-
ing Eq. 9 gives

1006 —1) — 68
== 8 -

A further important property of Eq. 9 is demon-
strated in Fig. 2. The curve is asymmetrically dis-
tributed about its real origin (S = 0% and K = 1),
so that gain errors are not symmetrically distributed
about the actual mean value of gain. The error is thus
greater for negative than positive values of 6.

Maximum negative error, for any value of K is
—100 percent and corresponds to complete loss of loop
gain. The maximum positive error however is asymp-
totic to a value determined by K.

Use of these equations is demonstrated in the fol-
lowing two examples

An amplifier is required to produce a closed-loop
gain of twenty with a maximum error of =5 percent.
During operational periods the open-loop gain may
vary by as much as +50 percent; what value of loop
gain is required to achieve the required gain sta-

bility ?

In this example, A, = 20, 8, = +50 percent = 1.5,
8, — —50 percent = 0.5 and S = =5 percent. Thus,
for 6,

g o 10005 = 1) = (L5 X 5)
1.5 X5
Therefore K = 5.7. And since A, = KA A, =

57 x 20 = 114, To find 6,

100 (0.5 — 1) — (0.5 X 5)

- 05 X5

Therefore K = —21.

The negative sign indicates that S is negative so
that K can be treated as a positive number. A, =
KA., hence A, = 21 x 20 = 420.

The amplifier design is therefore based on the
larger value of A, = 420. In operation, the amplifier
loop gain can be permitted to vary between the limits
of +50 percent, resulting in a change in amplifica-
tion between the limits of 420 =50 percent, or 210
to 630 times. The actual amplifier gain, which is
preset by negative feedback to produce a gain of 20,
will then only vary between the limits of approxi-
mately 19.1 and 20.35.

In a second example, a precision amplifier is to be
manufactured on a production-line basis, having a
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FIG. 2—Stability S is the proportionate change in closed-
loop gain brought about by variations 0A. in open-loop
gain. Stability against 9 is plotted for several different
values of K; gain error is greater for negative than posi-
tive values of 0

loop gain of 1,500 that is reduced by a single loop of
negative feedback to an effective gain of 100. Toler-
ance limits, from amplifier to amplifier, show differ-
ences in loop gain of =20 percent (values of A, be-
tween the limits of 1,800 and 1,200). What gain-limits
can be expected in production on a sample-to-sample
basis?

In this example A, = 100, 8, = +20 percent = 1.2,
9, = —20 percent = 0.8, A, = 1,500, and K = 15.

. 12-1
Calculating 6, S percent = I—:F_(1513m

= 4 1.2 percent

08 —1
And for 6, S percent= T y08

= — 1.64 percent

On a sample-to-sample basis, amplifier gains may
therefore be expected to vary between the limits of
—1.64 percent to +1.2 percent corresponding to am-
plification factors between the limits of 99.36 to
101.26. Note that the centroid of the limits yield a
probable gain of approximately 100.22. If the ampli-
fier samples have a tolerance distribution with a nor-
mal Gaussian law then they may be described as
possessing a gain of 100.22 with a probable error of
the order of *+1.42 percent, if treated on a statistical
basis.

The asymmetric nature of the gain stability equa-
tion is demonstrated in the above examples.
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Non-Linear Systems, Inc.
designs first digital volt-
meter to satisfy critical
standards for missile work

(SR x TXLRRA
. w xR gLs
o1y o ...:.'-\

Digital voltmeters — originated by NLS —
permit rapid and accurate voltage measure-
ments. New Series 20 unit—with one
plug-in decade board removed — shows
the use of Allen-Bradley fixed resistors.

To satisfy the high standards of consistent accuracy and reliability
demanded for missile and weapons checkout, Non-Linear Systems,
Inc., developed this digital voltmeter. It uses scores of Allen-
Bradley fixed resistors. (For example, the latest Series 20 unit,
shown above, contains about 1,000 in each instrument.) “In the
selection of A-B resistors,” says NLS, “quality and availability
have never been a problem.”

A-B resistors have such consistently uniform electrical character-
istics that their performance can be accurately predicted over long
periods of time under various operating conditions . . . with complete
freedom from catastrophic failure while in service! The hot molding
process used exclusively by A-B is the reason for this uniformity
and reliability.

To obtain this same measure of superior performance for your
equipment, always insist on Allen-Bradley quality fixed resistors
available in various types. For full details, send today for your copy
of Technical Bulletin 5000 or Publication 6024. Write to: Allen-
Bradley Co., 110 W. Greenfield Avenue, Milwaukee 4, Wisconsin.
In Canada: Allen-Bradley Canada Ltd., Galt, Ontario.

ALLEN-BRADLEY
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ALLEN-BRADLEY

Hot Molded Resistors
ACTUAL SIZE

Hot molded composition resistors are
available in all standard EIA and MIL-
R-11 resistance values and tolerances.
*Pending MIL Spec Assignment

— -

Type TR 1/10 watt MiL Type RC 06*

Type CB 1/4 Watt MIL Type RC 07

—— - _— R—— we

Type £B 1/2 watt MIL Type RC 20

Type GB 1 Watt :

MIL Type RC 32

MIL Type RC 42

Type HBE Watt

QUALITY
ELECTRONIC COMPONENTS
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RESEARCH AND DEVELOPMENT

Single Compactron Adapts Receiver for Stereo

By LEO DILLON, Receiving Tube Dept.,

General Electric Co., Owensboro, Ky.

EXPERIMENTAL compactron has
been incorporated into a circuit
originally designed for conventional
tubes and diodes. The multi-func-
tion device is used in a circuit to
adapt f-m receivers for stereo-
phonic broadeasts. The only modi-
fication to the circuit was changing
the value of one component because
the compactron had more gain than
the tube it replaced.

Although the compactron adaptor

is experimental, it demonstrates
applicability of these devices to re-
duce size and complexity of equip-
ment. Because it can perform the
functions of two or three tubes, the
compactron is expected to lower
both material and labor costs. It
will probably find use in multiplex
converters and new f-m stereo re-
ceivers as well as in other equip-
ment.

The Z-2969 compactron was un-
der development when the FCC
authorized f-m broadcast stations to
transmit stereophonic programs.
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Compactron shown in the photograph performs the functions of two triodes
and two diodes in circuit to adapt f-m receivers for stereo
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It was used in an adaptor circuit
that had already been designed to
use a 12AT7 tube and two separate
diodes. The Z-2969 contains two
similar triodes and two similar
diodes.

The composite stereophonic sig-
nal contains the normal monophonic
signal composed of the left and
right signals in the frequency band
from 50 to 15,000 cps. A pilot sub-
carrier at 19,000 cps serves as a
control signal for regeneration of
the suppressed 3,800-cps subcarrier.
The difference of the left and right
signals appears as sidebands of the
38-Ke¢ suppressed carrier at fre-
quencies from 23 to 53 Kc (=*15
Kc about the 38-Kc suppressed
carrier).

The first stage of the adaptor in
the figzure is a wideband amplifier.
The (L + R) information is ap-
plied from the wiper arm of the
balance control through a low-pass
filter to the matrix circuit. The
tuned grid circuit of the other tri-
ode section selects the 19-Ke com-
ponent. Because the plate circuit of
this triode is tuned to 38 Ke, it
functions as a frequency doubler.

The L — R information is ob-
tained at the junction of the two
identical plate load resistors of the
first stage. The signal is applied
through a bandpass filter and then
recombined with its carrier fre-
quency at the output of the doubler
to produce a 38-Ke¢ amplitude-modu-
lated signal.

When the 38-Kc signal is applied
to the upper diode detector. the
L — R information is removed
from the positive half of the sub-
carrier envelope. The detected sig-
nal combined with the L + R in-
formation in the matrix circuit
provides the left output signal. The
other diode removes a signal from
the negative half of the carrier
envelope, which is 180 degrees out
of phase with the L — R informa-
tion. This signal is — (L — R)
or —L + R and when combined
with the L + R information in the
matrix provides the right output

electronics
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Looking for a compact 1 to 10 watt Germanium Power
Transistor with this kind of top level performance?

: Top reliability is built into each Honey-

well transistor. Vacuum baked, given

rigorous life and dynamic tests, each is

enclosed in a new cold-welded minia-

ture case with threaded mounting stud.

At Designed for general use, the Honey-

well 2N1658 and 2N1659 are ideal for servo

amplifiers, relay drivers, high power unit driver

stages, and as medium power switches. Measur-

ing only 0.35 inches in diameter, they handle
one to ten watts!

You’ll want data sheets, including character-
istic curves and servo amplifier circuit diagram,
for your files. Fill out and mail the coupon
today!

Honeywell
Semiconductsr, Products-

October 27, 1961

® Leakage—Icgpo less than 0.5 ma at 80v,
2N1658 —60v, 2N1659

e Saturation voltage— Vg 8aT) less than 0.25v

o Floating potential—Vggy less than 0.25v

® Thermal resistance—0Q;.mp 5° C /watt max,
(Ty max., 100° C)

e Gain—hrg 30 min @ 0.2 amp; hrg 20 min
@ 1.0 amp
® Frequency response—500 ke minimum gain
bandwidth product

® Power dissipation—15 watts at 25° C, 6 watts
at 70° C

L e et b e L T P e |
’—;INNEAPOLIS-HONEYWELL REGULATOR CO. |
SEMICONDUCTOR DIV. « MINNEAPOLIS 8, MINN.
Yes, send me bulletins on the new Honeywell 2N1658

l

and 2N1659. {

| Name |

FIRM c |

| ADDREss |

| orry ZONE______ _ _ =
| srate PHONE )
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+ PENNSYLVANIA

KEYSTONE OF INDUSTRY

—New Partners
in Industrial Growth

Generai Electric chooses Pennsylvania as the site for its new Space Technology Center

"w ‘'We made a nationwide
study before selecting
Greater Philadelphia for

- eral Manager of General
=8 Electric's Missile &
\ Qé Space Vehicle Depart-
ment.

The decision to build this Space Tech-
nology Center near Valley Forge was in-
fluenced by a number of factors. “We
were able to hire many of our 1500 scien-
tists and engineers within a 100-mile
radius, and we found an abundance of
technically competent small businesses
to do subcontract work. Excellent air and
surface transportation provides easy ac-
cess to missile launch sites, defense es-:
tablishments and other major defense
and space contractors.

“'The attractive residential communi-
ties, outstanding schools, colleges and
cultural activities; and Philadelphia’s dy-
namic program of community improve-
ment—which should continue to enhance

the area's attractiveness to our profes-
sional personnel—also influenced our
decision.

“Building this 800,000 sq. ft. center,
while continuing to occupy a 600,000 sq.
ft. facility in Philadelphia’s 'University
City’ is proof we believe Greater Phila-
delphia is admirably suited to the needs
of a modern research and development
business."

Investigate the potentials of a Pennsylvania
plant location now! Write for:

B Facts on *100% Financing For Your New
Plant in Pennsylvania™

B Full details on Pennsylvania's excellent
»Tax Climate'"

B '‘Plant Location Services'* brochure

B Current listing of available industrial build-
ings and sites

B Special reports and tabulations, tailored to
your specific location requirements, cover:
ing—Labor, Markets, Transportation, Mate-
rials, Minerals, Water Power, Fuel, Engineer-
ing Facilities,
Taxes and
Community
Data

¢

POAvirrenrs

T FREE

f

ADDRESS INQUIRIES TO:

PENNSYLVANIA DEPARTMENT OF COMMERCE

DIRECTOR OF INDUSTRIAL DEVELOPMENT
Room 422 « South Office Building * Harrisburg, Pennsylvania
Phone: CEdar 4-2912
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signal. De-emphasis in each output
channel is provided by the series
resistors and shunt capacitors.

The only problem encountered in
using the Z-2969 was oscillation in
the doubler. Voltage developed at
the cathode capacitor provides a
small amount of positive feedback
to the grid. Transconductance in
the Z-2969 is about 20 percent
greater and plate resistance about
40 percent less than in the 12AT7
triodes, which results in higher
gain in the compactron. The prob-
lem was easily corrected by increas-
ing cathode bypass capacitance to
the value shown in the figure.

To align the adaptor, a signal
generator is recommended that can
produce a 19-Kc pilot tone and the
composite stereophonic signal.
With the L + R balance control set
at minimum separation, L, and L.
are set for maximum carrier level
at either the left or right output
jack. With a left-only composite
signal applied, the balance control
is then set for maximum separation.
Readjustment of L, may be re-
quired for optimum phasing of the
reinserted subcarrier. The best
settings for both the balance con-
trol and L, are when channel sepa-
ration is maximum and distortion
is minimum.

Insertion loss of the compactron
adaptor is about 6 db. No addi-
tional voltage amplification is re-
quired if preamplifier gain is
sufficiently above that required for
monophonic reception to compen-
sate the loss. Channel separation
at 1,000 cps is 25 db.

Heartbeat Monitor May
Reduce Infant Mortality

FETAL MONITOR indicates heartbeat
of a baby several hours before
birth. It can provide visual indica-
tions and permanent records as
well as providing warning signals
in the event of fetal distress.

The fetal heart monitor was de-
veloped by a team of doctors at
Marion County General Hospital
and Indiana University Medical
Center in Indianapolis. It is hoped
that the instrument can reduce the
annual stillborn and infant mortal-
ity loss of 162,000 lives, which ac-
counts for more than 10 percent of
all deaths in the U. S.

electronics



The primary factor leading to in-
fant deaths is fetal anoxia—insuffi-
cient oxygen during birth. Fetal
anoxia is also the primary cause of
cerebral palsy or mental deficiency
or both in children who survive the
anoxic episode.

The instrument provides constant
visual and audible monitoring of
fetal heartbeat during labor and
delivery. It alerts medical person-
nel to any irregularity in the heart-
beat and to heartbeat rates below
the dangerous level of 100 beats per
minute or above 180 beats per min-
ute.

Fetal heartbeat is conventionally
monitored with a stethoscope. How-
ever, problems such as interference,
loss of sound during contractions
(when trouble is likely to occur)
or masking of the fetal signal by
the maternal heartbeat all limit the
usefulness of the stethoscope
method.

The heart monitor is about the
size of a portable tv receiver. In
the early stages of labor, electrodes
are attached to the body of the
mother and to the fetus, which is
still in the womb. Signals from the
electrodes are displayed on a crt,
and heartbeat rate is indicated on
a meter. The signal can also be am-
plified for audible monitoring, and
it can be recorded on a standard
electrocardiograph.

Common birth hazards that
might cause the monitor to flash a
warning include the cord becoming
wrapped around the neck of the
baby or the placenta separating
from the uterine wall. Both of
these conditions can impede the
supply of oxygen. They or a num-
ber of less common hazards may go
undetected long enough to result
in death or brain damage. By alert-
ing medical personnel of fetal dis-
tress at its onset, they can inter-
vene with the indicated medical
procedure, such as oxygen therapy,
forceps or a Ceasarian delivery.

The monitor has been used suc-
cessfully in well over 100 deliveries.
As well as routine deliveries, it has
been used in several cases of anoxia
and once to monitor the delivery of
twins both by breech birth,

The research model of the moni-
tor was packaged into a portable
unit by Hemathermatrol Corp., and
additional units are being produced
for observation and use at other
medical centers,

October 27, 1961
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McBEE | PRECISION

THESE FAMOUS COMPUTER MAKERS
USE SANGAMO ENERGY STORAGE CAPACITORS

Sangamo Type DCM electrolytic capacitors are especially designed for use
as energy storage components in DC circuitry where peak power require-
ments exceed the maximum output of the associated power supply. They
operate under high temperature conditions, minimize ripple voltage and add
stability and long life to low voltage power supplies.

That's why these computer manufacturers use the Sangamo DCM. That's
why you gain by turning to Sangamo for your capacitor needs.

Complete data on Type DCM Capacitors is detailed in Sangamo’s Engineer-
ing Catalog 2231. Contact your Sangamo Representative, or write us for
your copy.

SANGAMO ELECTRIC COMPANY

£C61-2 SPRINGFIELD, ILLINOIS
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COMPONENTS AND MATERIALS

Listing Specs for Optical Quality Ruby

Interference fringes on the optical-interferometer screem check the end
faces of a ruby rod for flatness within 1/20 of a sodium wavelength.
Instrument at right checks parallelism of end faces to within 1 second
of arc. On table are ruby rods and three rough cuts from ruby disc boules

By NELSON B. PIPER, JR,

Valpey Crystal Corp., Holliston, Mass.

OF THE SOLID-STATE laser materials
which have been considered or are
presently being developed, synthe-
tic ruby (Cr.0,:AlL.O,) has been
the most prominent. (See ELEC-
TRONICS, May 5, 1961, p 88; Aug.
4, 1961, p 62).

Over 90 percent of all ruby rods
fabricated to date have been under
three-in. length and under &-in.
diam. This size range is compatible
with the power presently available
from most light pumping sources
and with the crystal growing tech-
niques of the major domestic sup-
plier of laser-quality synthetic ruby
boules. However, larger boule sizes
up to 8-in. length and }-in. diam.
are available.

Nearly 70 percent of all ruby
rods fabricated by Valpey have
been doped with 0.05-per cent
weight CR,0,:Al.O, and were ori-
ented such that the optical axis
C-axis of the ruby ecrystal was
parallel to the rod axis (0-deg.
orientation).

A concentration of 0.05-percent
Cr.0, doping appears to be optium.
However, other concentrations are
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being tried to study the effects of
doping on the operation of the rod.

Rods oriented to 0 deg display a
circularly or elliptically polarized
beam whereas a 90-deg oriented
rod (C-axis perpendicular to rod
axis) display a beam that is defi-
nitely polarized in one direction.

When comparing the 0 deg and
90-deg oriented rods for their
temperature-vs-threshold charac-
teristics, it is found that the slope
of the 0-deg rod is much steeper.
Thus, the 0-deg rod is the best
choice for operation at liquid-gas
temperature and the 90-deg rod is
a better choice for room tempera-
ture operation.

New growth techniques have
helped lower the input power re-
quired to stimulate laser action in
ruby.

Lower input energy minimizes
internal heating in the ruby, thus
resulting in a slower rate of thresh-
old rise with time. Originally avail-
able, from both American and for-
eign sources, to the precision
fabricator of ruby rods was the
conventional ruby boule which dis-
plaved optical action at relatively
high levels of input energy. Ameri-
can sources now supply ruby-dise

boules and sapphire overlays which
have been developed specifically for
optical applications. The ruby-dise
boule vields both 0-deg and 90-deg
rods of low strain, low linage (devi-
ation of the crystal’s axis) ruby.

Crystal growth developments
have now yielded ruby which has
lowered input energy levels greatly.

Slow growing of ruby does not
necessarily vield a low-strain low-
linage material. There is however
an optimum growth rate. One im-
portant factor affecting strain and
linage is the temperature differen-
tials between furnace walls and the
ruby-dise boule being grown within
the furnace. Temperature gradi-
ents within the ruby-disc boule it-
self must also be controlled closely.

A ruby-disc boule would require
no annealing if it were grown
under ideal conditions.

A ruby rod with a sapphire over-
lay has yielded optical action with
inputs of only 50 to 80 joules.
Basically, the sapphire overlay is
a sheath of sapphire which en-
circles the body of the ruby rod
over its entire length.

The sapphire overlay helps focus
the pumping light so that its inten-
sity is increased in the center area
where it most easily induces opti-
cal action. The pumping light which
passes through the sapphire wall to
the ruby rod in the center is not
absorbed and released as heat to
the same extent that it would if the
rod were solid ruby of the same
diameter as the outside diameter of
the sapphire overlay. This effect
reduces the internal heating, thus
helping to maintain a lower thres-
hold level for a longer period of
time.

The sapphire overlay effectively
increases the conduction cooling
area of the composite rod and read-
ily dissipates heat since it is an
excellent heat conductor at low tem-
peratures. The overlay also makes
it less likely that insulating bubbles
form on the crystal’s surface.

One type of sapphire overlay is
built to the desired thickness on the

electronics



jolly well
r g ) adaptable
. to temperature
extremes!

RMC “JL” piscAPs

Type JL DISCAPS are engineered for applications where
capacitors must exhibit minimum capacity change over wide
variance in temperature. Between —60° and 4110° C Capacity
change is only +7.5% of capacity at 25° C. Type JL. DISCAPS
are rated at 1000 V.D.C. and are available with capacity
tolerances of +109, or +20% at 25° C. Write on your
letterhead for information on these and other high

quality DISCAPS.

—_
DISCAP
l CERAMIC
CAPACITORS

RADIO MATERIALS COMPANY
A DIVISION OF P. R. MALLORY & €O., INC.
GENERAL OFFICE: 4242 W, Bryn Mowr Ave., Chicago 46, Ill.
Two RMC Plants Devore d Exclusively vo Caramic Copocitors

FACTORIES AT CHICAGO, ILL. AND ATYICA, |
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Seen
ithe new

IDEA
INDEX

\IN EBG?
The INDEX to the editorial articles in electronics magazine,
previously published annually in a December issue, now ap-
pears ONLY in the EBG. Another original EBG idea that

saves time and trouble for users! Keep your EBG copy on
your desk!

EXTRA!

Also in the EBG are condensed ABSTRACTS of all the edi-
torial feature articles which have appeared to date in 1961.
Another reason why EBG is used more by all four — men in
research, design, production and management.

——

@ McGraw-Hill Publication,
"4 330 West 42nd St., New York 36, N. Y.

Acoustical Components

of Superior Quality
JAPAN PIEZO supplies 80% of Japan’s crystal
product requirements. Here are o few examples

of our capabilities.

MICROPHONE
Crystal — X.29
At 20°C, 1KC/s, Sensitivity is
— 58 + 5db. Impedence: 100K().
Coapacitance: 1,500 pF.

STEREO CARTRIDGE A
Crystal—"PIEZO” Y-130 PHONOGRAPH MOTOR—DC
X'TAL STEREO CARTRIDGE Rake it
At 20 C, response: 50 to 10,000 9V, 2,500 RPM: No-load current,
c/s with a separation of 16.5db. e loo -
0.6V output at 50 mm/sec. Track- SmA; lood current, g
Starting torque, 13 g-cm; load

ing force: 6+ 1gm. Compliance:
1.5X 10 -6 cm/dyne. Termination:
1M+ 150pF.

torque, 5g-m. Size: 2.4cm X 4.6cm.
Weight: 100 gm.

Write for detailed caotolog to :

JAPAN PIEZO ELECTRIC CO., LTD.

Kami-renjaku, Mitaka, Tokyo, Japan

2
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ruby rod by a newly-developed
crystal-growth technique. A second
type is a sapphire rod that is drilled
lengthwise and given an optically-
polished inner diameter. The outer
diameter of the ruby rod is optic-
ally polished until a tight piston
fit into the sapphire cylinder is ob-
tained. The second type is used
where larger rod sizes (14 to 3 in.
length) are required.

When listing specifications for a
ruby rod, it is not enough to state
merely that the rod must exhibit
laser action. Factors which must
be as clearly spelled out as the
characteristics of the ruby are de-
tails pertaining to orientation, fab-
rication, tolerances, and surface
finish.

To obtain good operating charac-
teristics from a circular ruby rod
having flat parallel ends, the follow-
ing specificgtions should hg, con-
sidered a minimum: C-axis orien-
tation to within 10 min of arc;
end faces polished flat to 1,10
wavelength of sodium light; end
faces parallel to 2 sec of arc; length
tolerance =#0.005 in.; diameter tol-
erance +=0.001 in.; =1 min of arc
tolerance on 90-deg angle between
end faces and eylindrical surface.

The finish on the rod’s body
should be specified as either fine
ground or clear polished, depending
upon the configuration of the pump-
ing light source and its associated
optics.

Size of the ruby rod, within
limits, and whether the rod is to be
square or circular in cross section,
is largely dependent on the input
power of the light pump, holder de-
sign for the rod, cooling tech-
niques, if any, and the associated
optics of the pump.

Recent tests were performed on
ruby by C. F. Luck, Jr. of Raytheon
Company to determine the thresh-
old, polarization effects and beam
widths as a function of flatness and
parallelism. Three rubies, 2} in
length by 1 in. diameter, identical
in every respect except the con-
trolled deviations were fabricated
and then given identical end coat-
ings of silver.

Threshold measurements were
made by observing the spiking phe-
nomenon in the output. The voltage
applied to the capacitor bank was
gradually reduced until only two
spikes were observed. This voltage
was used to calculate the input

electronics



RUBY CHARACTERISTICS
AFFECTING OPERATION

Ruby
Under Test A B® Ce
Flatness A/10 1.0/x A/10
Parallelism

(sec) 2 1 15
Relative
Threshold 1.00 1.08 1.19

Total Beam
Angle (sec)
(=2 sec) 19 31 18

a— C-axis orientation of rubies
A, B, and C was 0 deg

threshold. The laser used was an
experimental version of the Ray-
theon LH-1. (Laser Head)

The Table shows that flatness di-
rectly affects the beam width and
that parallelism has considerable
effect on the threshold level.
Further studies are being made to
determine other effects.

Throughout the cutting, grind-
ing and polishing operations meas-
urements of the important parame-
ters must be performed continually.
An x-ray diffractometer checks ori-
entation; an interferometer checks
flatness; and an autocollimator
measures parallelism.

In addition to ruby rods having
flat and parallel ends, other con-
figurations and materials have been
manufactured or suggested

New Magnet Material
For Traveling Wave Tubes

MAGNETIC PROPERTIES of a new per-
manent magnet material, now be-
ing produced by Indiana Steel
Products Division of Indiana Gen-
eral Corp., makes it well suited for
periodic focusing of traveling wave
tubes.

The material, Alnico VIII, has
the highest coercive force (He) of
all the Alnicos, 1,400 oersteds. This
is combined with a low temperature
coefficient.

With an energy product of 4.2
million, the newest Alnico is also
expected to open up design oppor-
tunities in other types of equip-
ment, particularly in applications
where very short magnet lengths
are desired.

October 27, 1961
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A. W. Haydon’s microminiature elapsed time indi-
cators and events counters are to electronics what
“Jo Blocks" (Johanssen gages) are to metalworking
—precisely accurate standards that are much more
reliable than what they measure. Adapted from our
earlier (and very successful) sub-miniature indica-
tors, these microminiature timers have the unques-
tioned dependability that only A. W. Haydon's sta-
tistical production testing can provide...yet you
can fit 100 of them into a 5” square [J We believe
this new ETl is the world’s smallest—only ¥4 cubic
inch. We know it is better than 99.9% accurate...
exceeds requirements of MIL-M-26550.. . withstands
20g, 2000 cycles vibration...weighs only 0.75 oz....
temperature range is —65° to +2560°F...and runs
on a half watt, 115 v, 400-cycle power. Digital read-
out in hours, up to 999.9 or 9999. Companion events
counters also provide 4 digit readout. Both of these
units are available with a wide variety of compatible
mountings O For complete details on these tiny
titans of time, or on any other electromechanical or
electronic timing device to suit your special require-
ments, write The A. W. Haydon Company today.

Aw AYDON

GOMPANY

235 North Elm Street, Waterbury 20, Connecticut
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PRODUCTION TECIINIQUES

High-Density Circuits Use Honeycombs

By CHARLES W. JOHNSON,

Sperry Gyroscope Co.,
Div. of Sperry Rand Corp.
Great Neck, New York

HONEYCOMB ELECTRONIC packaging
uses a pre-drilled or cast metal or
plastic honeycomb into which the
components are inserted. Capaci-
tor discharge welding is used to
interconnect component loads on
opposing surfaces. After testing,
vacuum encapsulation seals the
unit. If the encapsulating material
is one of the new low temperature
curing silicon resins, the final unit
may be repaired by adding more
resin in the repaired area and
curing to a solid mass.

Each component is accessible for
insertion, change, or repair, and can
be placed in the honeycomb just
before welding, thereby eliminating
the large cluster of leads that often
interfere with the welding elec-
trodes and increase the chances of
wrong connections. The honeycomb
is essentially a small lightweight
jig, which becomes a part of the
finished module.

Since the majority of dielectric
is in place before final encapsula-
tion, there is a minimal change of
distributed capacity caused by this
step. If any voids remain after
vacuum encapsulation, the result-
ant loss of heat sinking is propor-
tionally much less than if an entire
component were encased in a bubble
of air.

Highly filled thermally conduc-
tive resins can be used for the
honeycomb since voids in the cast
or drilled units can be detected
beforehand. Thus the reliability of
the heat sinking mechanism is im-
proved.

Components are precisely posi-
tioned in the honeycomb so there
in negligible variations of inter-
component capacity from unit to
unit. Feed-through wires can be
cast in the honeycomb block and
grooves for interconnecting wires
can be cast in the surface, allowing
cross-overs without shorting and
without increasing the overall di-
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Components are placed in cast epoxy mold, are welded, then receive final

vacuum encapsulation
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Aluminum master mold with counterbored holes is used to form a
pattern in room-temperature-curing silicone rubber. Room-temperature-
curing epoxies, color coded and highly filled for good heat transfer, are
cast from the self-releasing rubber mold

mensions of the module.

Anodized aluminum honeycomb
blocks can be used for difficult ther-
mal dissipation problems. Hybrid-
ized circuits of sub-miniature
standard components and solid state
devices are readily handled in the
same honeycomb package. After
the circuit has been determined,
cardboard cutouts (usually 10:1
scale) are fabricated and a layout
is made for highest packaging den-
sity. Preferably, the higher heat
generating components are placed
at the corners for maximum heat
dissipation.

After the final layout is dimen-
sioned, the aluminum master honey-

comb is machined. Counterbored
holes give extra strength to the
honevcomb and also trap the com-
ponents in place during insertion
and welding. This method permits
minimum tangential separations as
low as 0.002 inch.

The machined master is then cast
in a room-temperature-curing sili-
cone rubber, such as RTV-60, to
produce a self-releasing mold from
which color-coded epoxy honey-
combs are cast.

During honeycomb fabrication a
series of wiring diagrams are pro-
duced for assembling and welding.
Typical welding parameters are
three to ten pounds electrode force

electronics



RAYTHEON TRANSFORMER TALK

Facts about transformers that have solved equipment design problems « No. 5 in a series.

21, TON POWER SUPPLY delivers 52.5 kVA, is in-
sulated for 70kV and is capable of withstanding heavy

short circuit fault currents.
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RECTIFIER COMPARTMENT houses six
tubes in three-phase circuit. Tubing is for
cooling. Entire unit is oil-filled and com-
pletely sealed.

MAGNETICS COMPARTMENT-also oil-filled
and cooled—includes three-phase plate
transformer (lower right), choke (left), and
filament transformer stack of six (right).
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This 52.5 kVA Raytheon power sup-

ply was in the field and functioning
perfectly just six weeks after the
order was received. Actual electrical
design work was completed in seven
days.

The 2%, ton power supply provides
high voltage for a radar modulator in
a National Aeronautics and Space Ad-
ministration System. This three-phase
full-wave rectifier supply is capable of
emergency operation on single phase
which is an unusual feature for a
power supply of this size and output.

Raytheon’s capability of designing and
building high-voltage power supplies
can be put to work for you. Write us
today for a descriptive folder on the
power supply shown here or for a
prompt and expert answer to any dc
power requirement from 10 to 100 kV.
See how Raytheon’s unique experience
and facilities expedite the design and
the construction of a unit that meets
your exact specifications.

Address Magnetics Operation, Micro-
wave & Power Tube Division, Raytheon
Company, Waltham 54, Massachusetts

RAYTHEON COMPANY

MICROWAVE AND POWER TUBE DIVISION
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Deflaition”
Byl

MAJOR ADVANCE IN
THE SCIENCE OF
ELECTRON BEAM DEFLECTION!

SPOT RECOVERY

Fastest! to 1 us

SPOT SIZE
Smallest — by 25%

SPOT SWEEP

Straightest........

% DEFLECTRONS for DISPLAYS

Where ordinary precision
yokes FAIL to meet your
requirements.

Write for NEW “DEFLECTRON"’
Data and Standard Yoke

Catalog. <

Celco

Constantine Engineening
Laboratories (o.

Main Plant: MAHWAH, N. . DAvis 7-1123
PACIFIC DIV.— UPLAND, CALIF. YUkon 2-0215

CENTRAL DIV.—LANESBORO, PA. ULYsses 3-3500
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and four to twelve watt-seconds
welding energy. All weld areas of
the hookup wire are free from
bends, thus reducing shorts to the
opposing electrode face.

All the welds on a given work
sheet employ the same weld sched-
ule, with weld schedules devel-
oped by a statistical method.!

After all intraconnections are
made, the unit is tested statically
and dynamically and repaired if
necessary.

A final vacuum encapsulation
seals the components and a final
check is made.

Terminations can be weldable or

solderable flying leads, solder ter-
minals, pins, connectors or wire
wrap terminals.

The modules can be attached to a
chassis with threaded inserts
molded in the module, by cementing,
by using a retaining plate or by
using the lead wires as holding de-
vices.

REFERENCES

(1) Lloyd D. Armstrong, ‘“Adoption of
Welded Electronic Circuits for Missile and
Space Vehicles”, Presented at Fourth
Symposium on Welded Electronic Packag-
ing, Melville, N. Y., March, 1961.

Production Lines for Harness Boards

Harness boards are being wired
with production line techniques at
Pleasantville Instrument Corp,
manufacturing subsidiary of Gen-
eral Precision Labs. The technique
has produced direct labor savings
of approximately 35 percent.
Framework to hold the boards is
two feet wide by 64 feet long, and
can be adjusted to accept boards
from 10 x 12 inches to 4 x 8 feet.
The line was built by the mainte-
nance department; construction
cost, including labor and materials,
was approximately $500.

Although harness boards tradi-
tionally have been wired from start
to finish by the same operator, time
studies have shown that it is bet-
ter to break up the task into 10 or
15 minute work stations. Learning
time, in particular, is significantly
reduced. As each part of the har-
ness is completed, the board is slid
along by hand toward the next sta-
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tion. The lazy susan wire holder,
photographed at right, is used on
the production line to serve two
operators. The wire holder, requir-
ing about nine square feet of floor
space, replaces a bench that re-
quired 32 square feet.
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Before you order...check NYLO-FAST. FASTENERS!
)

-

Lightweight! )
Yet so strong

you can drive them

Immediate delivery from our
large stocks which include Nylon,
Delrin, Teflon, P.V.C., Lexan, etc.
10 different formulations! Write,
wire, or telephone today for the
facts!

Cut electronic
assembly costs!
Use in 101
other ways!

Have you investigated what NYLO-FAST® Fast-
eners can do for you? They’re colorful, strong —
yet 1/6 the weight, chemical resistant, heat resist-
ant, elastic, resilient, and non-conducting! You’ll be
surprised to discover how many ways NYLO-FAST®
Fasteners can serve you—BETTER! Write for com-
plete information.

LEADING MANUFACTURERS OF STAINLESS STEEL AND NYLON FASTENERS!

9 . s ¢

METAL PRODUCTS COMPANY, Inc.

CASTLETON-ON-HUDSON 10, NEW YORK
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' from Baird-Atomic

_MINIATURIZED

featuring routing .
-y uides for simplified
&,’iﬂl i, J él’)i-diregtional foufrizting Batterles
“. ! Incorporating a routing- DESIGNED FOR

| guide systemto provide glow .

| y direction sensing, this new ® Low Maintenance Cost

i “ I I ¥ I l ” cold cathode tube reduces u Instant Efficient Operation
118" MAx, the process of multi-stage, m Durability

NICAD] cromium

SEALED CELLS

cEps of malt !
(acTUAL a1z} reversiblay b ameelonay NICAD Sealed and Vented Cells make ! L
DEKATRON ® Ggsion counting and selecting to its tcal the biefftar ) ¢ ]
« Maximum counting rate sine simplest terms. This means s CC ¢ battery opera 'on;) magy
wave and rectangular pulses... fewer components, resulting types of equipment not previously suited .
5,0,3‘0 P-p.S. in increased reliability and to dry, mercury,. or lead acid types.
§00 :leum anode current ... reduced costs. Ruggedly Capable of sustained or stable voltage
« Maximum output at 5 kp/s constructed, the GS10H over a wide temperature range these VENTED CELLS
with a 100 k@ cathode load follows the long Dekatron® NICAD Cells have extremely long life,
resistor and +50 V bias: 35V tradition for reliability require little or no maintenance, and “'i-' i
+ Access to all ten cathodes ;4 performance. are always ready to operate in any F, -
L

position under even the most adverse
WRITE FOR THE NEW B/A HANDBOOK OF COUNTING TUBES. PRICE: $1.00 operating conditions . . . with POWER

to spare. B
2| SA/RD-ATOMIC,INC. o pult POWER sy, wre - ]
_ZH| 57 oniversity Road - Cambridge 38 Mass. _ NICAD BATTERY DIVISION

GOULD-NATIONAL
BATTERIES, INC. E-1403 First National
Bank Bldg., St. Paul 1, Minn.

it A 8 is a trademark of Gould-National Batteries, Inc.

ADVANCED OPTICS AND ELECTRONICS , . . SERVING SCIENCE

CIRCLE 207 ON READER SERVICE CARD
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Delay Lines

IN THE NSEC TIME DELAY
RICHARD D. BREW AND CO., INC,, Con-
cord, N. H. Nanolines are available
in 10 nsec delay increments ranging
from 20 to 100 nsec and are epoxy
encapsulated. Dimensions are 2.250
by 0.300 by 1.000 in. Delay to rise
time ratio ranges from 5 to 1 for
the 20 nsec units to greater than

LEAD wiReS

005" x 010°
sl FIRED ON
Y VE GOLD YERMINATIONS
CERMET c

TOP AND BOTTOM
)

i
030

vl

Experimental Resistor Kit

The Market

REGION

10 to 1 for the 50 to 100 nsec lines.
With an impedance of 500 ohms
+10 percent and attenuations less
than 0.3 db, the units are suited for
use in both breadboard and produc-
tion models of high reliability ap-

paratus.
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CONTAINS 7 MICROMINIATURE UNITS

TS Ccorp., Elkhart, Ind. An experi-
menal kit containing 7 micromini-
ature solid cermet (Ceradot) fixed
resistors, each with a different re-
sistance value within the range of
250 ohms to 12,000 ohms is offered
for $7.00. Each resistor is 0.050

74

in. diameter by 0.030 in. thick and
is without leads. Cermet has in-
herent high stability and reliability
at extreme temperatures and severe
environments because it is fired at
temperatures over 600 C, producing
a rugged hard surface. Gold termi-

nations are fired-on at top and bot-

tom.
CIRCLE 302 ON READER SERVICE CARD

Dielectric Coatings
FOR LASER OSCILLATORS

ADOLPH MELLER CO., Box 6001,
Turnkey, Providence, R.I., Dielec-
tric multilayer film able to provide
up to 99.9 + percent reflectivity
is introduced for use as a reflective
coating for laser oscillators. The
coating, which can increase output
gain between 7 to 1 and 8 to 1. is
available on new rods or can be ap-
plied to rods already in use. Other
advantages include longer life,
operation at a lower threshold and
negligible absorption. Multilayer
coatings can not burn at high
energy.

CIRCLE 303 ON READER SERVICE CARD
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Multiplex Filters
CUSTOM DESIGNED

CENTRALAB, The Electronics Div. of
Globe-Union Inc., 800 East Keefe
Ave., Milwaukee 1, Wisc., has avail-
able PEC notched T and twin T
filters for use in multiplexing cir-
cuits. Filters utilize the PEC pack-
aged circuit technique to provide a
three lead unit measuring 13 /16 in.
by 1:i in. that provides 60 db
attenuation. Presently, 38 Kc filters
are in production but units for
other frequencies can be designed.
They are available at approximately
20 cents each in quantities of 1.000.
Request for samples or additional
information should be sent on com-
pany letterhead.

Command Receiver

CLEVITE ELECTRONIC COMPONENTS,
3405 Perkins Ave., Cleveland 14, O.
New design for a high-altitude bal-
loon command receiver incorporates

electronics



APPLICATION REPORT NUMBER 1

CIRCUIT PERFORMANCE
CHARACTERISTICS
OSCILLATOR EFFICIENCY . ... . 24.7% @ —40°C
222% @ +70°C

23.1mw@ —40°C
20.4Amw@ +70°C

RF POWER OUT

30 MC OSCILLATOR

T, #516 AIR DUX OR EQUIVALENT N, 4 TURNS; N; 7 TURNS; ALL RESISTOR VALUES 14w 109,

New TI DALMESA Transistors Give IMPROVED

HF Oscillator Performance From -40 to +70°C

M Solve your industrial communications
design problems today with TI's new
DALMESA 2N2188 series. This new
germanium alloy diffused mesa tran-
sistor family is specifically designed
to meet your requirements for high-
performance, low-noise, economically-
priced transistors for application over
the entire communications band from
dc to 150 mc. B The extremely low,
low-frequency noise corner and high
alpha cutoff frequency offered by new
DALMESA transistors result in low-noise
performance over a very wide bandwidth
—the 2N2188 series gives you a typical
mid-frequency noise figure of 1.5 db.

B These new devices also give you guar-
anteed gain/bandwidth products of
60 and 102 mc to assure excellent
performance in your IF, RF and video
amplifiers. Increased high-frequency
stability results from the guaranteed
maximum output capacitance of 2.5
pf at 9 volts. B Apply new DALMESA
transistors to your communications
designs today and take advantage of the
increased performance capabilities of
this new Texas Instruments series. These
new 125-mw transistors are immediately
available through your nearest TI Sales
Office or Authorized TI Distributor.

PARAMETER TEST CONDITIONS 2N2188 2N2189 2N2190 ZN2191
BVggot AND BVggs lg = —50 ua 40 v min 40 v min 60 v min 60 v min
BVego lg =0, lg = —100 ua 2 v.min 2 v min 2 v min 2 v.min
heg Veg = —6ylg = —2ma 40 min 60 min 40 min 60 min
hye (at 1 kc) Vee —bv,lg =—2ma 40 min 60 min 40 min 60 min
fy Vee 9v,lg ——1.5ma 60 mc min 102 mc min 60 mc min 102 mc min
lego Ves —12v,lg =0 3 ua max 3 ua max 3 ua max 3 ua max
Cop (at 1 mc) Veg = —9v,lg = 1.5ma 2.5 pf max 2.5 pf max 2.5 pt max 2.5 pf max
Noise Figures§ (at 1 mc) Vee —5v, lg = 0.5 ma 1.5 db typ 1.5 db typ 1.5 db typ 1.5 db typ
Maximum Power Dissipation | 25°C Ambient 125 mw 125 mw 125 mw 125 mw
g = 0 §Re = 1KQ

TRANSISTOR

iﬂTEXAS INSTRUMENTS

PRODUCTS
DIVISION I NCORPORATED
13500 N. CENTRAL EXPRESSWAY
—_— P. O. BOX 5012 ¢« DALLAS 22. TEXAS
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four fixed-tuned emitter bypass

Transfilters

which permit direct

coupling of 455 Kc i-f amplifiers.
CIRCLE 304 ON READER SERVICE CARD

Miniature Rheostat
AVAILABLE WITH TAPERED

OHMITE MFG. CO., 3645 Howard St.,
Skokie, Ill. Model E miniature
rheostat (12! w) can be supplied
with tapered windings where cus-
tomer needs dictate. Tapered wind-
ings consist of two or more sections,
each using a successively smaller

Infrared Detectors
VERSATILE UNITS

RAYTHEON co0., Foundry Ave., Wal-
tham, Mass., has introduced a line
of infrared heat seekers capable of
detecting everything from humans
to rocket engines. The detectors,
covering the band from 1 to 30 mi-
crons, are offered in a variety of
packages, using combinations of
sensing materials and cooling tech-
niques. Useful in military and com-
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WINDINGS

diameter wire. Possible advantages
are: more linear control of certain
loads; higher maximum resistance
for a given current rating; specific
resistance versus rotation curves
can be produced.
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mercial systems, they are also
suited for laboratory spectroscopic
work.

CIRCLE 306 ON READER SERVICE CARD

Test Set
THERMAL RESISTANCE

WALLSON ASSOCIATES, INC.,, 912
Westfield Ave.. Elizabeth, N. J.
Model 222 thermal resistance tester
is designed to accurately measure
the junction temperature of semi-
conductor diodes and rectifiers. In
practice, d-c or half wave a-c heat-
ing current is applied in the for-
ward direction to the rectifier under
test. By interrupting the heating
current, the forward voltage at con-
stant measuring current is nulled

with an oscilloscope to give the
junction temperature. A rise in
junction temperature may be read
directly from a meter in deg C.
CIRCLE 307 ON READER SERVICE CARD

Ferroelectric Cells

WADDELL DYNAMICS, INC., 4364
Twain Ave., San Diego 20, Calif.,
is offering ferroelectric memory
cells in low-priced experimental
kits consisting of 16 cells, individu-
ally potted for ease of handling ex-
perimentation.
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Dual Gain C-R Tube
FOR RADAR TRACKING

ELECTRONIC TUBE AND INSTRUMENT
DIVISION, General Atronics Corp..
1200 E. Mermaid Lane, Philadel-
phia 18, Pa. Type M1030 12-in.,
2-gun crt provides tracking accu-
racy over a 10-in. diameter useful
area with a maximum error of 0.070
in. as compared to 0.150 in. for the
conventional types. With additional
electrodes providing further elec-
trical correction, accuracy can be
improved to approximately 0.050 in.
maximum.
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D-C Amplifier
DIFFERENTIAL TYPE
DYNAMICS INSTRUMENTATION CO.,
583 Monterey Pass Road, Monterey
Park, Calif. Model 2640 chopper
stabilized all-transistor amplifier

electronics



Ideas in
Electronics
from
Norton

The electronics industry became a giant before it became
a baby.

This outstanding growth has been largely due to the de-
velopment of new materials — refractory materials with a
great range of electrical properties. The prime source of
these idea refractories is Norton Company.

For example, refractory fused alumina has high constant
resistivity, to assure minimum leakage between elements
in TV, radio and radar tubes. The same material is a recent
innovation for transistor potting. Norton silicon carbide is
an essential component in lightning arrestors and other
non-linear resistors because of its variable voltage-current
relationship. Silicon carbide is also finding new uses in
microwave absorption, and as single crystals in high tem-
perature rectifiers and transistors.

Fused magnesium oxide, used in most heating elements
for electric ranges, has gained acceptance in such areas as
advanced thermocouple design and infrared transmission.

Norton offers a wide choice of super-refined refractories,
including oxides, borides, nitrides and carbides, and is
ready to work with you in engineering materials to meet
your needs. But above all, Norton offers ideas in every field
in which refractory materials play a part.

Write NorTON CoMPANY, Refractories Division, 689
New Bond Street, Worcester, Massachusetts.

REFRACTORIES

Crystallizing ideas into products
CIRCLE 202 ON READER SERVICE CARD
October 27, 1961

Allison Transistorized
Noise Sources with
Uniform Spectral Density
—5 cps to 30 keps

Here’s the ideal noise source for shaker tables, high-level
environmental acoustic testing, and other applications re-
quiring a uniform output of a random (white) noise.
Allison Noise Sources are all solid state devices. They are
non-microphonic and can be used in areas of high am-
bient noise and vibration. The Allison 650 is a small,
lightweight portable instrument, battery or AC powered,
from $265.00 up; the Allison 655 is a miniature, welded
and incapsulated unit, 1” x 134" x 158", $36.00 in 100
lots. Write today for spectrum curves, complete specifi-
cations, and prices.

A OCTAVE ANALYSIS
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FREE LITERATURE! Clip coupon, attach | Alisey ‘7
to company letterhead, and mail today m-".’.:‘;.
for literature on noise sources.

r--------_

Allison

= Laboratories, inc.
11301 OCEAN AVENUE, LA HABRA, CALIFORNIA
proved dependable in years of service
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MEET MIL-R-10009D—ARE 1/4 THE

SIZE OF CONVENTIONAL RESISTORS

The "‘Noble-Met” film is highly resistant to
oxidation, impervious to moisture and humidity
and unaffected by temperature cycling between

Rated Yth, Y4th and 14, watts respectively, our
precision metal film resistors feature a standard
temperature coefficient of =100 ppm/°C with
+50 ppm/°C and =25 ppm/°C available on
request. Their range is from 25 ohms to 1M
ohms. Tolerances are +19%, but *15,9%, +29%
and +=59% are available.

-
ACI

AMERICAN COMPONENTS,
8th & Harry Streets, Conshohocken, Pa. Area 215 TA 8.6240
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—55°C and +150°C.

Defivery is from stock. Prices range from

$3.00 to 45 ¢ each depending on quantity.
Write or call for full information.

INC.

NEW

'MINIATURIZED

GOMMIITATING

-~ SWITCH
e

IDL “STANDARD" Performance and Flexibility in Yard the Volume
Satisfies 98% of all PAM and PDM Telemetering System Requirements
Clamped Speed Regulator holds Pole Speed to 2%

Phase-Lock Concept controls speed of 4 or more independent switches

® 0000 ece00c0c0000000000000000ss000000000

INSTRUMENT DEVELOPMENT LABORATORIES, INC.
51 MECHANIC STREET, ATTLEBORO, MASS.

78 CIRCLE 78 ON READER SERVICE CARD

circuit has potentiometric feedback
to minimize noise and realize maxi-
mum input impedance. Features in-
clude: 10 Ke bandwidth and an out-
put capability of = 10 v and = 10
ma. Common-mode rejection of
greater than 120 db at 60 cps with
1,000 ohm unbalance in either input
lead.
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Converter
ANALOG-TO-DIGITAL

GENERAL DATA CORP., 11602 Ninth
St., Garden Grove, Calif., an-
nounces a rack-mounted analog-to-
digital converter with self-con-
tained power supply. Accuracy is
0.5 percent; conversion time, 3%
usec. Output is 8 binary bits or two
BCD in 8-4-2-1 code. Price is
$1,250.
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Digital Switches
SEQUENCE TIMING

DONNER SCIENTIFIC €0., Concord,
Calif. Series 7000 solid state se-
quence timing switches are de-
signed for space probe and re-entry
applications. They feature accuracy
to 0.3 percent and initial timing
periods adjustable from 0 to 30
sec. Miniaturized packages provide
complete circuitry for up to three
distant time sequences per unit in
less than 10.6 cu in. weighing only
13 oz.
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Round Plug

VECTOR ELECTRONIC CO., 1100 Flower
St., Glendale 1, Calif. A 14-pin

electronics



round plug will aid manufacturers
of relays and miniature plug-in cir-
cuit assemblies.
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Crystal Oscillator
TRANSISTORIZED

DELTA-F, INC.,, 113 E. State St.,
Geneva, Ill. The DFO0-10 series is
available at any frequency from 10
Ke to 3 Mc in a package 1 by 1 by 3
in.,, or from 3 Mc to 100 Mec in a
package 1 by 1 by 14 in. It has been
qualified under all conditions of
MIL-E-5400 at 100 Ke. It main-
tains a frequency tolerance of
+0.005 percent to +=0.03 percent
depending on frequency and tem-
perature range.
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Decade Counter
MINIATURE SIZE

ROBOTOMICS CORP., 2422 E. Indian
School Road, Phoenix 16, Ariz.
Add-Subtract F1503 series 50 Ke
miniature decade counter shown
with cover removed uses tungsten
lamps for bright in-plane display;
modular p-c boards and computer
type transistors are used. Two
strut screws may be removed and
boards opened for easy servicing.
Grounding one of two control lines
reverses count direction. Operating
voltage 424 to +30 v.
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Band Pass Filters

CIRCUITDYNE CORP., 480 Mermaid
Ave., Laguna Beach, Calif. Minia-
ture band pass filters covering the
frequency range from 255 to 3,655

October 27, 1961

ENVIRONMENT
FOR
ACHIEVEMENT

LFE’s Airborne Doppler
Navigation Systems are auto-

matic, self-contained, and weigh

as little as 75 pounds. They are supplied for any aircraft,
from U. S. Navy helicopters to Air Force F-105D fighter-
bombers. The systems operate anywhere in the world, without
reference to ground aids, and independent of weather. They also
operate at any speed, any altitude, even during radar silence.

The work environment that fostered this LFE achieve-
ment is close to ideal. It includes company-financed research,
free inquiry, easy communications, and management that
knows its technology. If you feel this environment would
further
opportunities in:

SYSTEMS, EQUIPMENT & COMPONENTS
for

your career, write us now about select new

Airborne Navigation Automatic Controls
Radar and Surveillance Ground Support
Electronic Data Processing
Excellent opportunities are also available
at our Monterey, California Laboratory

Write in complete confidence to:

C. E. Fitigerald
LABORATORY FOR ELECTRONICS
> 1079 Commonwealth Avenue

Boston 15, Massachusetts

All quolified oppliconts will be considered for employ-
ment without regard to roce, color, creed or national origin.
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Primarily for Frequency
Standard Use Under
Rigorous Environmental
Conditions.

MEGACYCLES
Sth
OVERTONE

| PRO?UCTS

Aging: 1 x 10-9/day. Frequency Change: Less than 1 x 10-8 under vibra-
tion of 10 to 200 cps at 10 G, and under 100 G shock when tested per
MIL-STD 202A Method 202A. Frequency Range: From 4.966 mc to 6.133
me. Write for literature to James Knights Company, Sandwich, Illinois.

ol o

. THE MOST-US
> s
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NEED A CLEAR BLACK MARK
ON A WHITE BACKGROUND
IN ELECTROLYTIC RECORDING?

use HOGAN FAXPAPER,

You can specify the paper type to fit the application: high contrast,
sharp definition, high-speed marking, dense black marking, extensive
gray scale, archival quality, reproducibility by office duplicators.
HOGAN FAXPAPER is used for event and data recording, opera-
tions monitoring, press service news pictures and weather-map record-
ing, spectrum analysis, ceilometering, data retrieval readout, plotting
= and printer plotting, facsimile recording. HOGAN FAXimile also
makes equipment for such uses.

SHIdVd ONIGHO0IIY DILATONLIITI AISN-A1SOW FHIL

WRITE FOR FACTS ON FAXPAPER TO...

HOGAN FAXimile Corporation « 635 Greenwich St., New York 14, N. Y.
A SUBSIDIARY OF TELAUTOGRAPH CORPORATION
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cps utilize toroid coils exclusively
as inductor elements.
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Variable Delay Line
LUMPED CONSTANT

ALLEN AVIONICS, INC., 255 E. Sec-
ond St., Mineola, L. 1., N. Y. Model
VLR 15 variable lumped constant
delay line features unrestricted set-
tings for its multiple sliders. This
independent variability of the slid-
ing taps will be of particular value
in those pulse system applications
where versatility as well as reli-
ability is of importance. Unit is
2 by 3 by 8 in. long, with extended
shaft length of 1% in. Delay is vari-
able from 0 to 1.5 usec, giving de-
lay/rise time ratios up to 21:1.
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Temperature Controller
ACCURATE TO 0.5 C

OMTRONICS MFG., INC., Box 1419,
Peony Park Station, Omaha 14,
Neb. Model N-300 Temp-Trol has a
sensitivity range from —100 C to
+300 C. Unit is readily portable,
vet with heavy duty components is
actuated through a closed-loop
servo control for reliability in all
applications, with a rated load of
15 amp on both heating and cool-
ing. Price is $239.50.
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Molded Capacitor

CORNELL-DUBILIER ELECTRONICS DIVI-
sION, Sanford, N. C. The Black Cat
all-purpose molded capacitor offers
high moisture resistance, wide op-

electronics



erating temperature range, and
freedom from impregnant leakage.
CIRCLE 319 ON READER SERVICE CARD
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Delay Lines
CODING TYPE

COMPUTER DEVICES CORP., 6 W. 18th
St., Huntington Station, N. Y., an-
nounces a miniature delay line for
use in aircraft identification trans-
ponders and other iff equipment.
Pictured is the model D170. Char-
acteristics of this lumped constant
line are: time delay 20.3 usec,
tapped at 1.45 usec intervals, delay
tolerance +0.05 usec, temperature
stability less than 40 ppm/deg C,
rise time 0.50 usec, attenuation 3
db, and a size of only 4 by 2 by 1 in.
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Electric Clip
HAS TINY TIP

MUELLER ELECTRIC c0., 1582H E.
31st St., Cleveland 14, O. The
miniscule tip of the Micro-gator clip
has been tailored to fit the non-stop
shrinkage in size of many electri-
cal and electronic components. In-
sulator and all, the business end of
the inch-long Micro-gator is no
larger than a pin head, allowing its
use on the smallest, tightest-packed
terminals, on printed circuits, and
generally where no other clip can
possibly fit, according to the manu-
facturer.
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Precision Solenoid

AR&DA, 135 Main St., Belleville 9,
N.J., has available a Synchronoid,
which is a precision solenoid pack-
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Tape Speed
Compensation Module

® Housing available for bench applications.

IDAP FM Data Systems provide
capabilities never available before!

Based on unique DCS Frequency Translation!

® Permits magnetic recording and playback of multichannel,
constant-bandwidth, time-correlated research data.

® Unique frequency translation and multiplexing techniques
pPermit optimum use of recorder bandwidth capabilities.

® Physically and electrically interchangeable modules make
custom system assembly easy.

® Compatible with existing DCS analog and digital equipments.

UNIDAP-—a new concept...complete systems-engineered modular
capability for acquisition, storage and playback of multichannel
static and dynamic research data! Completely transistorized! Oper-
ator can modify system characteristics to adapt to the recorded
data. Entire system automatically compensated to eliminate effects
of wow and flutter. Modules can be interconnected at will using pro-
gram boards. System can be expanded to meet future requirements
and adapt to improved recorder capabilities.

Three systems are available immediately; others will follow:

MARK1..... All standard IRIG channcls are available. Also, center
frequencies to 1 mc with deviations to 40%.

MARK 500 . . . Simultaneous continuous FM magnetic recording of 1 to
10 channels of 500 cps intelligence data plus reference fre-
quency on single tape track of 50 k¢ bandwidth recording
capability.

MARK 2000 .. Similar to Mark 500. Records 1 to 10 channels of 2000 cps
on 200 k¢ bandwidth track.

® All above are nominal 1% accuracy systems, subject to terminal
equipment employed. ® Full range of accessory calibration and test
equipment available.

If you're concerned with magnetically recorded data for any pur-
pose, you'll want to know more about UNIDAP’s unique capabilities,
For more information, address: Dept. E-7.

Instrumentation for Research:
Ground and Air
Analog and Digital Data Components and Systems

e = Fs
DATA-CONTROL SYSTEMS, INC. _ny

Los Angeles ¢ Paio Alto » Wash., D. C.» Cape Canaveral
Home Office: E. Liberty St., Danbury, Conn. » Pioneer 3-9241

T e e s -
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Now!

Kidde “know-how”
delivers
pre-engineered
static frequency
changers with...

* CUSTOM DESIGN
* LOW COST
* FAST DELIVERY

Kidde Electronics Laboratories now of-
fer static frequency changers on a
“custom” basis at lowest cost. Utilizing
the extensive experience gained in the
design and production of working
units, Kidde static frequency changers
employ any of the three principal de-
sign techniques—intermediate DC link;
phase modulation, straight-through
method; and switch modulation,
straight-through method.

This background of experience with
these techniques has resulted in cir-
cuits which are now available almost
on an “off the shelf” basis, and can be
used to produce custom static fre-
quency changers in minimum time and
at lowest cost. They are available from
10V A to 10 KVA and within the range
of 50 cps to 3200 cps upward and down-
ward. For more information write or
call Kidde today.

Phone: GRegory 2-5000
(Area Code 201)

idde
lectronics
Eboratories b

WALTER KIDDE & COMPANY, INC.
1050 Brighton Road, Clifton, N. J.

Static Frequency Changers, Static inverters, Static
Converters (DC to DC), Static Power Supplies.
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aged in a 1} in. diameter by 2% in.
long synchro case that mounts in a
1.375 in. diameter pilot hole.

CIRCLE 322 ON READER SERVICE CARD

Microwave System
TRANSISTORIZED

GENERAL ELECTRIC C0., Lynchburg,
Va., is marketing an error-reducing
transistorized microwave radio re-
lay system that provides a ten-fold
increase in transmitter power out-
put but requires 50 percent less
power input. Built for high channel
capacity and medium to long haul
use, the RF-7 transmits at frequen-
cies from 5,925 to 8,400 Mc. The
basic equipment can be employed
for systems requiring from 1 to
600 telephone channels.
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Static Converters
TRANSISTORIZED

PRL ELECTRONICS, INC., 232 West-
cott Drive, Rahway, N. J. The CN
line of d-c to d-c transistorized
static converters is rated at 100 w.
It features short circuit proof op-
eration of —20 to +50 C. Designed
to withstand shock and vibration
normally found in mobile and air-
craft operation. Price range: $70
to $81.25 depending upon input and
output voltage requirements.
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In the Remington Rand Univac physics
laboratory, 5 mil. diamecter holes are
ultrasonically drilled in ferrite cores,
then threaded with fine wire in the ex-
amination of domain structure. Such
experiments prove that a scries of alter-
nate-polarity pulses of diminishing
amplitude result in concentric rings of
alternately direeted magnetization.Much
smaller cores (80 mil. o.d.) were then
studied by mecans of residual magnetiza-
tion curves for flux distribution under
various modes of partial switching.

Opportunity for personal progress has
never been greater than it is today at
Remington Rand Univac.

In addition to an attractive salary, you
will work with engineers and scientists
who have made significant advances in
solid state development and computer
reliability. Immediate openings include:

RESEARCH ENGINEERS

Attractive positions are now available for
Research Engineers. These permanent
assignments include circuit development
work and the logical design of high speed
computer elements.

m TRANSISTOR CIRCUIT DESIGNERS

m ELECTRONIC PACKAGING ENGINEERS

= SERVO-ENGINEERS

= ELECTROMECHANICAL ENGINEERS

@ QUALITY CONTROL ENGINEERS

® PROOUCTION ENGINEERS

s RELIABILITY ENGINEERS

® STANDAROS & SPECIFICATIONS ENGINEERS

Send resume of education and experience 108
R. K. PATTERSON, DEPT. T-10

PReomington

DIVISION OF SPERRY RAND CORPORATION
2750 West Seventh St., St. Paul 16, Minn,

There are also immediate openings
in all areas of digital computer de-

velopment at our other lahoratories.

Inquiries should be addressed to:

F.E.NAGLE, Dept. T-10 D, CLAVELOUX, Dept. T-10
REMINGTON RAND UNIVAC REMINGTON RAND UNIVAG

P.0. Box 500 Wilson Avenue
Blue Bell, Fa, South Norwalk, Conn.

(All qualified a s will be idered regardiess
of race, creed, color or national origin.)

electronics



first
choice of
all 4

production

management

Because the
BUYERS’ GUIDE
satisfies the
buying and specify-
ing needs of all

four segments of the
industry! Gives more
information in less
space. Easier to use.
Only the

BUYERS’ GUIDE

has been screened for
usefulness over a 20 year
period . . . comes to you
compact, complete

and accurate.

gives more to all 4!
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PRODUCT BRIEFS

RUBY LASER RODS no silvering.
Trion Instruments, Inc., 1200 N.
Main St., Ann Arbor, Mich. (325)

INTERFEROMETER SPECTROMETER
high reliability. Block Associates,
Inc., 385 Putnam Ave., Cambridge
39, Mass. (326)

PULSED KEEP-ALIVE POWER SUPPLY
cuts random noise. Burmac Elec-
tronics Co., Inc., 142 S. Long Beach
Rd., Rockville Centre, N. Y. (327)

PNP GERMANIUM MESA SWITCH ul-
tra-high speed. Texas Instruments
Inc, P. 0. Box 5012, Dallas 22,
Texas. (328)

PULSE & R-F AMPLIFIERS nanosecond
rise times. RHG Electronies Lab-
oratory, Inc., 94 Milbar Blvd.,
Farmingdale, N. Y. (329)

SELENIUM RECTIFIER FLATS large
power-handling. Radio Receptor
Co., Inc., 240 Wythe Ave., Brook-
lyn 11, N. Y. (330)

TRANSISTORIZED GAUSSMETER 11 po-
sition range selector. Dyna-Empire,
Inc., 1075 Stewart Ave., Garden
City, N. Y. (331)

TAPPED DELAY LINES small size, fast
rise time. Ad-Yu Electronics Lab.,
Inc., 249 Terhune Ave, Passaic,
N. J. (332)

TIME DELAY RELAY instant recycling.
Guardian Electric Mfg. Co. of
California, Inc., 5575 Camille Ave.,
Culver City, Calif. (333)

BOOSTER FOLLOWER for operational
amplifiers. George A. Philbrick Re-
searches, Inc., 127 Clarendon St.,
Boston 16, Mass. (334)

ITERATIVE ANALOG COMPUTER com-
pact modular packaging. Donner
Scientific Div.,, Systron-Donner
Corp., Concord, Calif. (335)

PRESSURE TRANSDUCERS for missile
and space vehicles. Bourns, Inc.,
6135 DMagnolia Ave., Riverside,
Calif. (336)

FILM CAPACITORS hermetically
sealed tubulars. Component Re-
search Co., Inc., 3019 S. Orange
Dr., Los Angeles 16, Calif (337)

SOLID STATE CHOPPER less than 0.5
cu in. Alpha-Tronics Corp., 1033
Engracia, Torrance, Calif. (338)

b

/

WHEN QUALITY
IS A MUST

Stromberg-Carlson°
TELEPHON E-TYPE/E

——

COMPONENTS

RELAYS: Wide range, for electro-
mechanical switching. Send for

Bulletin T-5000R2.

2L

. "_‘i;."

KEYS: Cam-type and push-button. !
Send for Bulletin T-5002R.

B —

STEPPING SWITCHES. Fast and de-
pendable. Bulletin T-5001R.

e

JACKS & PLUGS: For many electri-
cal and electronic uses. Send for
Bulletin T-5003.

o

TELEPHONE HANDSETS: Standard
or with switch assemblies. Send
, tor Bulletin 7-5017-R.

e S NP P —

I p €

For bulletins and more information
contact the nearest Sales Branch
office: Atlanta~750 Ponce de Leon
| Place N.E.; Chicago—564 W. Adams
i Street; Kansas City (Mo.)—2017
t Grand Avenue; Rochester—1040
University Avenue; San Francisco—

1805 Rollins Road.

GENERAL DYNAMICS
TELECOMMUNICATION
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applications

products
POLYCRYSTALLINE y0 ur

[
» -

Yttrium Iron Garnet Parametric
Yttrium-Gadolinium Garnet - Amplifiers
Yttrium Aluminum Garnet prlme
¢ Electronically
Standard Garnets from .
1750 Gauss/cc Sour(e\ Tuneable Filters
to 300 Gauss/cc 5 A A
\ Microwave
Others custom-developed. fOf Ly Power Limiters

Ba;z,r:izgs, Cylinders, G AR N ET S- -3
] _ 3
b 3] Modutators
SINGLE CRYSTAL D . LovLoss
Yttrium Iron Garnet FE RR' T . C & Circulators
Yttrium Gallium-lron Garnet : , > 3
vy

Gadolinium Iron Garnet J Magneto
]

Samarium lron Garnet 1 vy Accoustic Devices
Dysprosium lron Garnet .-ﬂndw f .
Erbium lron Garnet . &

Ytterbium Iron Garnet =

Others custom-developed. ( R YS T A l_ S Write for Data!

Extremely narrow line-width
Spheres. Also Discs.

MICROWAVE CHEVICALS [ABORATORY NC

282 SEVENTH AVENUE ¢ NEW YORK 1, N. Y.
v .

[ — . o
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electronics $100 MILLION IN ELECTRONICS SALES

Fort Monmouth’s Research & Develop-

; Center ment Laboratory, the U.. S. Army
= ) Signal Equipment Suppert Agency, &
L Of the Signal School form a mecca for many
- 3 Electionic leaders of the nation. Here are
E east Bell Laborataries. Bendix. Electronic Associ-

ate~. Frequency Standards and many others.

Superb living conditions afford easy recruiting

of professional Engineers, Scientists, Technicians,

skilled. trained personnel. You are invited to join
this BLUE cHIP LIST.

Monmouth County

EW JERSEY
Write: REID N. DICKERSON, Industrial Representative
Monmouth County Planning Board

18 Court Street, Freehold, N. J., HOpkins 2-1940
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A Gols for Contact Gapsules

Nom.
e Nom. |Amp/
A TYPE |DC-V [Ohms|Wotts{Turns

, 6 | 100
S 12 | 360 | .40 | 250
24 | 1400

é 50
-~ M/ 12 | 75| 70| 250
— 24 820
T ) 100
12 | 400

{; 24 | 1600 | .35 125
32 | 2800

a
€OT0-COIL CO., INC. 48 | 4600
= 65 Pavilion Avenue . . .
Providence 5, R. 1. Write for Bulletin ond Prices
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Literature
of the Week

CRYSTAL CONTROLLED OSCILLATORS
Monitor Products Co., Inc., 815 Fre-
mont Ave.,, S. Pasadena, Calif. A
booklet tells how to specify crys-
tal controlled oscillators. (339)

JUNCTION TRANSISTORS American
Elite Inc., 48-50 34th St., Long
Island City, N. Y. Technical book-
let states specifications and curve
sheets for a line of Telefunken
junction transistors. (340)

INTERROGATORS Information Prod-
ucts Corp., 156 Sixth St., Cam-
bridge, Mass. Interrogators and
interrogator systems are the sub-
ject of a 16-page booklet. (341)

DIGITAL VOLTMETERS Non-Linear
Systems, Inc., Del Mar, Calif. A
hard cover book on digital volt-
meters is divided into a general
section and a catalog section.
(342)

PRESSURE-SENSING PACKAGE Taber
Instrument Corp., North Tona-
wanda, N. Y. Bulletin presents
model 185/290-2 compact airborne
pressure transducer. (343)

TRIMMER CAPACITORS [Erie Resis-
tor Corp., 645 W. 12th St, Erie, Pa.
Bulletin 314-3 covers the Trimacon
line of trimmer capacitors. (344)

TRANSDUCER  DeJur-Amsco Corp,,
45-01 Northern Blvd., Long Island
City 1, N. Y., has published a tech-
nical data bulletin on a miniature
high pressure transducer. (345)

CRYSTALS Scientific Radio Prod-
ucts, Inc., 2303 W. 8th St., Love-
land, Colo. High stability glass en-
closed crystals are discussed in a
1-page bulletin. (346)

POWER SUPPLY  Kepco Inc., 131-38
Sanford Ave., Flushing 52, N.Y.
Voltage/current regulated power
supply is described in a technical
bulletin. (347)

SILICONE RUBBER INSULATION Gen-
eral Electric Co., Waterford, N. Y.
Bulletin discusses silicone rubber
wire and cable insulation for air-
craft and missiles support. (348)

STRAIN RECORDING  Brush Instru-
ments, division of Clevite Corp.,
37th and Perkins, Cleveland 14, O.,
offers a 20-page booklet entitled

electronics



“Strain Recording with Brush Di-
rect Writing Recorders.” (349)

GERMANIUM POWER TRANSISTORS
Semi-Onics, Inc., 4 Broadway, Low-
ell, Mass. Series of data sheets de-
scribe a line of pup germanium
power transistors in the TO0-36
package. (350)

TIMING MOTORS The A. W. Hay-
don Co., 232 North Elm St., Water-
bury, Conn. Technical bulletin cov-
ers a series of U.L.-approved a-c
timing motors. (351)

R-F SYNTHESIZERS Manson Lab-
oratories, Inc., 375 Fairfield Ave.,
Stamford, Conn. Development of
quartz crystal radio frequency syn-
thesizers is discussed in a 16-page
booklet. (352)

TRANSISTOR COOLING Interna-
tional Electronic Research Corp.,
135 W. Magnolia Blvd.,, Burbank,
Calif., has available a 48-page tran-
sistor cooling test report. (353)

REFERENCE CAVITIES Microwave
Development Laboratories, Inc., 15
Strathmore Road, Natick, Mass.
Catalog CF-61 describes five stock
designs of reference cavities cov-
ering the frequency range from
9,250 Mc to 9,312 Mec. (354)

ELECTRON PROBE MICROANALYZER
Philips Electronic Instruments, 750
S. Fulton Ave., Mount Vernon,
N. Y. A 6-page folder provides data
and specifications on an electron
probe microanalyzer. (355)

RARE EARTH METALS Kleber Lab-
oratories, 2530 N. Ontario St.,
Burbank, Calif., has available a
price list of distilled grade rare
earth metals with purities of
greater than 99.8 percent. (356)

EVACUATING SYSTEMS Vactronic
Lab. Equipment Inc.,, East North-
port, L. I., offers a folder on a
series of precision evacuating
systems and components. (357)

PUNCHED TAPE READER  Electronic
Engineering Co. of California, 1601
E. Chestnut Ave., Santa Ana, Calif.
Bulletin describes model TP-522
punched tape reader for tape dupli-
cating systems. (358)

RESISTORS  International Resist-
ance Co., 401 N. Broad St., Phila-
delphia 8, Pa. Bulletin P-9 deals
with a line of power metal film re-
sistors. (359)
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The Lincoln Laboratory program for ballistic
missile range measurements and penetration
research includes:

EXPERIMENTAL RESEARCH

Measurements and analysis of ICBM flight phenomena for
discrimination and for decoy design purposes, including optical,
aerodynamic and RF effects.

SYSTEM ANALYSIS

Studies to apply research findings to advance the technology
of ICBM and AICBM systems.

INSTRUMENTATION ENGINEERING

Designing radar, optical and telemetry equipment with which
to measure ICBM flight effects under actual range conditions.

RADAR SYSTEMS RESEARCH

Extending the theory and application of radar techniques to
problems of discrimination, countermeasures and performance
in a dense-target environment.

HYPERSONIC AERODYNAMICS

Study of the flow-fields around re-entering bodies for various
body designs and flight conditions. Excellent computer facilities
available.

RADAR PHYSICS

Theoretical and experimental studies in radar back-scattering.
Interaction of RF radiation with plasmas.

* A more complete description of the Laboratory’s
work will be sent to you upon request.

All qualified applicants will receive consideration for employment without

regard to race, creed, color or national origin.

Research and Development

LINCOLN LABORATORY
( Massachusetts Institute of Technology
{ BOX 27

LEXINGTON 73, MASSACHUSETTS
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PEOPLE AND PLANTS

Fairchild Erecting R&D Center

FAIRCHILD SEMICONDUCTOR, a four
year old firm, recently started con-
struction of a $1.5 million research
and development center on a nine-
acre site in Stanford Industrial
Park, Palo Alto, Calif. Scheduled
for completion in the spring of
1962, the facility will have 63,000
sq ft of space.

Robert N. Noyce, general man-
ager of Fairchild Semiconductor, a
division of Fairchild Camera and
Instrument Corp., noted that Fair-
child was founded in Palo Alto in
1957.

Gordon E. Moore, Fairchild’s
director of research and develop-
ment, said the H-shaped building
will have more than twice the space
of the present R&D facilities and
be fully air-conditioned. He added
that 250 employees will move into

Molecular Dielectrics
Appoints Replogle
D. E. REPLOGLE has been named
president of Molecular Dielectrics,
Inc., Clifton, N. J., a newly formed
firm which will explore the molec-
ular sciences for new insulating ma-

the new center next spring. The
force will be expanded to about 400
by the end of the year. No manu-
facturing will be done in the new
plant.

Today, Fairchild has a staff of
1,700 in three major locations and
four smaller facilities. Company
manufactures high-performance
silicon transistors, diodes and inte-
grated electronic circuits called
“Micrologic Elements”.

Fairchild’s original plant is part
of the present R&D Center and a
new headquarters and transistor
manufacturing plant was con-
structed in Mountain View in 1959.
A third major plant was added in
1960—the diode facility in San
Rafael, and a 40,000-sq-ft addition
to the main Mountain View plant
is nearing completion.

terials. Molecular Dielectrics was
established through the consolida-
tion of Electronic Mechanics, Inc.,
Clifton, N. J., Mykroy, Inc., Chi-
cago, Ill.; and Mykroy Mfg. Co.,
Inc., Andover, N. J.

Management of the new firm is
being drawn from the three con-
solidating companies.

Replogle founded Electronic Me-
chanics, Inc., 25 years ago in Ridge-
wood, N. J.

GE’s HMED Sets Up
Three Subsections

THREE new engineering subsections
have been established in the General
Electric Company 's Heavy Military

Electronics Department in Syra-
cuse, N. Y., to keep pace with
rapidly changing customer needs
and technologies in the missile and
space age, according to Edward F.
Herzog, manager-engineering.

Simultaneously announced are
the appointments of Kenneth D.
Greenhalgh as manager-undersea
acoustics systems engineering;
L. H. Lynn as manager-ordnance
radar systems; and Earl A. Steb-
bins as manager-marine and ground
radar systems engineering.

Claus Haake Joins
Giannini Controls

GIANNINI CONTROLS CORP., Duarte,
Calif., has appointed Claus Haake
as research manager of the GCC
Research Laboratories in Pasadena.
He will be responsible for research
efficiency, personnel supervision,
staff development and general proj-
ect coordination.

Prior to joining Giannini Con-
trols, Haake served as senior physi-
cist for Westinghouse Electric re-
searching solid-state physics.

Hycon Mfg. Names
John Barnes V-P

HYCON MFG. COMPANY has named
John C. Barnes as vice president.
He will be in charge of several
planned subsidiary developments
and a number of special projects

electronics
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Your €ngineered Specials service

Gamewell made this special completely from scratch. Every
part of this rotary switch was newly designed by Your Engineered
Specials service to meet a customer's special requirements. The
unit provides bi-directional operation at 160 rom max. It is rated at
28 VDC, 60 ma...has high vibration and shock resistance...and
—55° to +150°C. temperature range. Although this design called
for only six poles and 11 switching segments, many more could have
been provided. = Gamewell's YES service has developed answers
to hundreds of special “pot” and rotary switch problems. Interested?

Why not write for the full story? Your @ngineered Specials service.

THE GAMEWELL COMPANY, POTENTIOMETER DIVISION, 1416 CHESTNUT STREET, NEWTON UPPER FALLS 64, MASSACHUSETTS. A SUBSIDIARY OF E. W. BLISS COMPANY
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Are you selling the
whole buying team

Tough competition demands that the
electronics man be reached and sold
wherever you find him: Research,
Design, Production, and Manage-
nient. Only advertising in electronics
reaches all four...the same men your
salesmen call on. Put your advertis-
ing where it works hardest... ..

in @electronics

1889,
SEMICONDUCTORIZED

POWER SUPPLY

0-50 V.D.C. » 0-1.5 AMP

High stability solid state

*All Silicon
Small-Signal DC power supply with ad-
AZ‘;Z”’E‘;:’&"M justable current limiting,
Planar Diffused  05% regulation, 500 uv
Junction S .
Input Stage  TibPple, 01 Q source imped-

ance, 50 us response time,
.01 volts drift/24 hours,
55-410~ input.
IMMEDIATE DELIVERY
Write For Complete Catalog

$234°0

F.0.B. FACTORY

A A,I’mr Designs inc,

EDgewood 3-6200 Areo Code 516
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planned for the orderly expansion
of Hycon, according to board chair-
man and president Trevor Gardner.

Barnes was formerly with North
American Aviation’s Space and In-
formation Systems division where
he held the dual assignment of as-
sistant to the chief scientist and
acting director of the laboratories.

Herring Advances
At Wyle Laboratories

WYLE LABORATORIES, El Segundo,
Calif., has promoted John R. Her-
ring to the new position of man-
ager, engineering and production,
West Coast Testing division.

He has been with Wyle since
1954, most recently as director of
the program office, in charge of per-
formance of all prime contracts.

Microwave Dynamics
Moves to Connecticut

MICROWAVE DYNAMICS, INC., of
Plainview, N. Y. has moved to
Cheshire, Conn. The move will
serve to consolidate its facilities
with those of Microtech, Inc., in
Cheshire. Both are subsidiaries of
Talley Industries, Inc.

Sperry Electronic Tube
Hires Noland

JAMES NOLAND was recently ap-
pointed engineering section head at

Sperry Electronic Tube Division.
He will direct the development of
advanced types of backward wave
oscillators.

Noland was previously employed
by General Telephone and Elec-
tronic Laboratories,

Clairex Corp. Relocates
In New York City

EXPANSION of R&D facilities and
technical personnel has been an-
nounced by Clairex Corp. as a result
of its recent move to new quarters
in New York City. A major por-
tion of the 60 percent increase in
space available to the firm has been
apportioned to advanced studies of
photoconductive materials,

o - ! .
Curtiss-Wright
Elects Palley

ELECTION of I. Nevin Palley as ex-
ecutive vice president of Curtiss-
Wright Corp., Wood-Ridge, N. J.,
is announced. He joins the corpo-
ration from ITT-Federal Labora-
tories, of which he was president.

Korin Advances
At IBM Corp.

INTERNATIONAL BUSINESS MA-
CHINES CORP. has appointed Samuel
B. Korin manager, manufacturing
equipment development. He was
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ROOM TO THINK...

Working at MITRE gives you the opportunity to investi-
gate new scientific areas, and, at the same time, to become
identified with projects of the utmost national urgency.
The effort involves a wide range of computer-hased com-
mand and control systems. You will face important and
challenging problems . . . and be free to pursue them on
your own. Your colleagues will be men of considerable
professional stature who work in an atmosphere of intel-
lectual freedom. This is a job for the highly talented
scientist or engineer — the man with imagination, com-
mon sense, and a feel for systems. If you qualify, and if
you are prepared to accept the challenge of command and
control systems, MITRE needs you now. Write, in con-
fidence, to Vice President — Technical Operations. The
MitRe Corporation. Post Office Box 208, Dept. WF17,
Bedford, Massachusetts,

October 27, 1961

Appointments are now being made in the following areas:

® Operations Research ® Advanced System Design

® System Analysis e Mathematics

e Communications e Radar Systems and

e Econometrics Techniques

e Economics ® Air Traflic Control

e Computer Technology System Development

® Human Factors e Antenna Design —
Microwave Components

Formed under the sponsor-

ship of the Massachusetts THE
Institute of Technology and

now serving as Technical Ad- —\
visor to the United States /
Air Force Electronic Sys- /

tems Division.
An equal opportunity employer KX I I X X SAN-X"]
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EXCEPTIONALLY

HIGH (

QUARTZ CRYSTALS

This group of lligh Q quartz crystals illus..
trates Bliley capability and quality. Each type
meets extraordinary stability requirements in
actual service .

satellite equlpment

. from time base reference to

SERIES | BG93A | BGIIAH-5 | BGSIAH | BGG6IAH | BGOIAH-S
Freq. I 1 me ! 2.5 mc l 3 me | 5 me l 5 me
Q |Tisx100 | a5x100 | 5x108 5x10% | 2.5x 108

These unusual characteristics are achieved with gold-plated, optically
polished crystals, vacuum mounted in glass, to insure minimum long
term a

\ddﬁ:onal details are given in Bulletin 527 . . . sent on request.

...if you buy quality

BLILEY ELECTRIC COMPANY
UNION STATION BUILDING - ERIE, PENNSYLVANIA
CIRCLE 207 ON READER SERVICE CARD

Electronic Parts and Other Close Tolerances

WELDING without fear
of lead wire crystallizing

TO-5 & TO-18 PACKAGES

Werite or call for more information

ELECTRO WELD COMPANY

55 Goffle Road, Hawthorne, New lJersey ® Phone: HA 7-6800
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Is your advertising selling
the same four key buyers your
salesmen call on? Competi-
~ tion demands it! Only adver-
tising in electronics reaches
and sells the electronics man

y o wherever he is: in Research,
ODAY YOU MUST SELL ALL FOUR!
: =’ — Design, Production, and Man-

4 L', /7 agement. Put your advertis-
C , ing where it works hardest...

e

in @lectronics
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formerly administrative assistant
to IBM’s director of manufacturing
research.

L

Morrison Moves Up
At Honeywell

S. ROY MORRISON, senior staff scien-
tist at the Minneapolis-Honeywell
Research Center in Hopkins, Minn.,
has been promoted to assistant di-
rector of the center. He joined
Honeywell in 1955 as a staff scien-
tist.

ANTLAB Announces
Two Promotions

ANTLAB, INC., Worthington, O., has
announced the promotion of Peter
M. Pifer from chief of the elec-
tronics department to chief engi-
neer for the company.

Trent E. Davis, a design engi-
neer for the firm, was named to the
post vacated by Pifer.

ANTLAB designs and manufac-
tures missile tracking systems, an-
tenna pedestals, microwave receiv-
ers, and associated antenna range
instrumentation.

Maxson Electronics
Names Schwarzkopf

DANIEL SCHWARZKOPF has bcen
named general manager of the Uni-
max Switch Division of Maxson
Electronics Corp. The division is

electronics




FINDS COLORADO

| ¢ Companies ‘‘prospecting
for plant sites™...find rich
new benefits in Colorado,
Pleasant Living, a product
of Colorado’s magic cli-
mate attracts and holds
the most competent per-
sonnel. Industry’s west-
ward migration has made
Colorado the transporta-
# tion hub serving the vast
new markets west of the
- Mississippi. “Site-see”
=+ Colorado now...right at

your desk.

SEND FOR FREE EXECUTIVE PORTFOLIO
“'INDUSTRIAL COLORADO.” Newly completed
9-booklet portfolio on Colorado’s industrial
sites, assets, opportunities and weekend vacation
wonderland. All inquiries held confidential.

COLORADO

DEPARTMENT OF DEVELOPMENT
70 State Capitol Denver 2, Colorade
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/ THE
HELPING

" PROTECTS YOUR
TUBES, COMPONENTS

—eliminates the old bugaboo of
cable entanglement which damages
tubes and components in lower chassis
each time the one above is withdrawn
for service and returned to position.
Our new Cable Retractor’s double action
maintains constant tension and correct sus-
pension of cable at all times—permits ample
cable length for full extension and tilting of
chassis without hazard of snagging.
For use with all types of chassis or drawer
slides, adjustable to fit varying chassis
lengths, simple to install, inexpensive, proven
thoroughly reliable in operation.
Mounts on rear support rails on standard
1% hole increments. Cadmium plated CRS.

Write for Bulletin CR-100F
ORegon 8-7827

WesTern Devices, Inc.

600 W. FLORENCE AVE., INGLEWOOD 1, CALIF,
CIRCLE 209 ON READER SERVICE CARD
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located in Wallingford, Conn.
Prior to joining Maxson Elec-
tronics in 1950, Schwarzkopf was
associated with the Electrocoil
Transformer Co. in New York City.

Form New Company
In California

THE FORMATION of Glastronies, Inc.,
Torrance, Calif., a subsidiary of
Radio Cores, Inc., Oak Lawn, Ill.,
has been announced. Initially, Glas-
tronics will concentrate on the fab-
rication of beads and bodies for
semiconductor diodes.

PEOPLE IN BRIEF

Walter A. Mainberger resigns
from National Co., Inc., to join
Dunn Engineering Corp. as techni-
cal asst. to the v-p for technical
operations. Donald M. Brown is
promoted to product manager for
The Electric Autolite Co. elec-
trical products group. R. A. Alex-
ander transfers from RCA Victor
Co. Ltd., to manager, equipment
design engineering, Data Commu-
nications and Custom Projects
dept. of RCA’s Electronic Data
Processing div. Joseph M. Bern-
stein, formerly with Automatic
Electric Laboratories, Inc., is
named staff engineer for systems
with Automatic Electric Sales
Corp. Simon Stopek leaves Hughes
Semiconductors to become a senior
engineer at Microwave Semicon-
ductors. Assembly Products, Inc.
advances George F. Quittner to
chief research engineer. L. Bruce
Wilner, ex-T.ockheed Aircraft, now
project scientist at Endevco
Corp.’s solid state lab. Allen Gee,
formerly with Texas Instruments
Inc. and DuPont Corp., joins tech-
nical staff of Hughes Aircraft’s
semiconductor div. W. M. “Mack”
Turner, president of Astrometrics,
becomes president and board
chairman of the newly formed
Stellarmetrics, Inc. Benjamin O.
Delaney is promoted to assistant
director of Vitro Laboratories’
Silver Spring Lab. John T. Ralph
leaves Warwick Mfg. Corp. to join
Cinch Mfg. Co. as product plan-
ning manager. Thomas E. Buckley
moves up at IBM Corp. to execu-
tive asst. to the chairman of the
board.

u
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ADVANCED
SYSTEMS
DEVELOPMENT

Emerging now from three years’
intensive effort at International
Electric is a computer-based
communication system that
equals the state-of-the-art. This
system was made possible by
our systems management capa-
bility, which includes the design,
development, production moni-
toring and installation of ad-
vanced electronic systems. Our
continuing progress will be
determined by our ability to
advance the state-of-the-art in
our design and development of
future systems.

This requires the application of
creativity and technical experi-
ence by engineers, mathemati-
cians and physicists. To our
recently organized Development
Division we seek to add Develop-
ment Specialists with at least
six years’ association with large
projects. They will evolve re-
quirements for systems users,
working in such areas as air
traffic control, ASW, satellite
control and command and con-
trol systems, and in such proj-
ects as information retrieval,
man/machine communications
and advanced computer utiliza-
tion.

Digital Equipment Engineers
are needed to translate systems
requirements into system hard-
ware. We seek E.E.’s with at
least five years’ experience to
work in such areas as logical
design; core, drum and tape
memories; peripheral equipment ;
and large-scale switching center
techniques.

If you have the experience and
interest in either of these pro-
grams, and wish to associate
yourself with the professional
challenges offered by them,
please send resume to Manager
of Technical Staffing, Dept. EL

N—
- .

INTERNATIONAL
ELECTRIC
CORPORATION

An Associate of International
Telephone and Telegraph Corporation

Rte. 17 & Garden State Parkway
Paramus, New Jersey .
~ An edua!' opportunity employer‘,
- L3
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EMPLOYMENT OPPORTUNITIES

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ATTENTION:

COMPANY SEE PAGE KEY #

ERIE ELECTRONICS DIV. 95 1
ENGINEERS, SCIENTISTS, PHYSICISTS ELECTRONIC DIV
7 o 2 Erie, Pa.
This Qualification Form is designed to help you advance in the elec- AT
e i ’ . ) ESQUIRE PERSONNEL N2+ 2
tronics industry. It is unique and compact. Designed with the assistance Chicago, IMlinois
of professional personnel management, it isolates specific experience in GENERAL PRECISION INC. 2 3
electronics and deals only in essential background information. gz"asg:""'vsi'l‘::' New York
The advertisers listed here are seeking professional experience. Fill in INTERNATIONAL ELECTRIC CORP. 93 4
he Qualification Form below v e, g
gHER g iica : JET PROPULSION LABORATORY 95 5

California Institute of Technology
Pasadena, California

STRICTLY CONFIDENTIAL

LABORATORY FOR ELECTRONICS 79 6
Your Qualification form will be handled as “Strictly Confidential” by B onossachuselts
ELECTRONICS. Our processing system is such that your form will be THE m‘ﬂ:;%ﬂ:g:ﬁg’:ﬁ 2 7
forwarded within 24 hours to the proper executives in the companies PAN AMERICAN WORLD AIRWAYS INC. 73* B

Guided Missiles Range Div.

you select. You will be contacted at your home by the interested com- Patrick AFB. Florida

panies. PHILCO WESTERN DEVELOPMENT LABS. me 9
Palo Alto, California
REMINGTON RAND UNIVAC 90 10

WHAT TO DO

. Review the positions in the advertisements.

Div. of Sperry Rand Corp.
$t. Paul, Minnesota

g 0 REPUBL T 1no* n
. Select those for which you qualify. PUFarII:i:g‘{iL‘I‘e,ml'.‘l., New York v
. Notice the key numbers. TEXAS INSTRUMENTS LINC. wor 12

Apparatus Div.
Dallas, Texas

UNION CARBIDE NUCLEAR CO. 95 13
Oak Ridge, Tenn.

These advertisements appeared in the 10/20/61 issue.

. Circle the corresponding key number below the Qualification Form.

. Fill out the form completely. Please print clearly.

. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS,
Box 12, New York 36, N. Y. (No charge, of course).

o Ua W -

{cut here) (cut here)
electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE
Personal Backgrcund Education

NAME ... .vtvenvsncsns soseeneruasacsscassaansssscasosssoasse PROFESSIONAL DEGREE(S)............0iiiiiiiniiecrnnennnnanes 7

HOME ADDRESS.. . .....ccicivtvresrorecnssanannsncnssosnsnnssne MAJOR(S) .....oiivrinnonronesivasssssnsosesssssssssosasonns

[ 1 2 R R ZONE...... STATE............ UNIVERSITY . ... ..iiiiiietioeneoontoncesossnceasencassrosenss

HOME TELEPHONE. ......... .o co i ivivean aancoenananacscns DATE(S) . ...cviietroerarsnreraaaunes siecstessnseeessasnsnses

FIELDS OF EXPERIENCE (Please Check) 10271 CATEGORY OF SPECIALIZATION
Please indicate number of months
D Aerespace D Fire Control D Radar i P1:,:;\::&:'!"“'Sl.u:ervisofv
O D Homan * [ Radio—tv ontra) ot
Antennas uman Factors D adio— RE%EA‘I’ICH (pull'e,
Int d Simulaters undamental, basle) ......  ..... o

O] asw [ tntcare RESEARCH

D Circults D Instrumentation D Solid State (Applied)  ....e. She Salem)
SYSTEMS

D Communications D Medicine D Telemetry (New Concepts)  ..... = s
DEVELOPMENT

D Components D Microwave D Transformers (Model) - -
DESIGN

D Computers D Navigation D Other ............. (Product) Sy -
MANUFACTURING

D ECM D Operations Research D ................... (Preduct) 55005 0009
FIELD

D Electron Tubes D Optics [_—_l ........... cevenn .o (Service)  L.ie. eeees .

r SALES
D Engineering Writing D Packaging D ................... (Proposals & Products)  ......  ......

CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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NEEDS
DIGITAL
AND
RF SYSTEM
DESIGNERS

e To apply the results of cod-
ing and detection theory to
the design and development
of advanced digital telemetry
and communications systems.
To design new information
and data handling systems
for accepting the monitored
outputs of tracking and
communication receivers and
converting them into IBM
7090 format,

e To design automatic check-
out equipment for precision
doppler radar. Will have re-
sponsibility for systems de-
stgn and development from
specifications throughout fab-
rication and/or procurement
of equipment, evaluation,
documentation and training
of user.

* To design automatic acqui-
sition subsystem for precision
doppler radar. Objective is to
minimize the number of radar
operators accomplishing de-
tection and acquisition and
to improve reliability of this
phase of the operation. Work
willincludeacquisition of sig-
nal in two angles, frequency
and range. Knowledge of both
RF and digital equipment is
desirable.

¢ These positions require ad-
vanced (E’,gree m EE, Physics
or Mathematics with experi-
ence in above areas.

* Other opportunities exist for
electronicengineers and phys-
icists in many areas at JPL.
Send complete qualification
resume now for immediate
consideration. “An equal
opportunity employer”.

JET PROPULSION
LABORATORY

California Institute of Technology
4814 OAK GROVE DRIVE,
PASADENA, CALIFORNIA

October 27, 1961

EMPLOYMENT OPPORTUNITIES

Electronic Instrument Mechanics
The Oak Ridge National Laboratory
Operated by

Union Carbide Nuclear Company

at
Oak Ridge, Tennessee

Has openings for

Highly skifled eclectronic instrument mechanics
to work with electronic engineers in the develop-
ment, installation and maintenance of electronic
systems. Digital data handling, transistorized
pulse height analyzers, analog and dipital com-
puter systems are only a few examuples.

Minimum high school education, with additional
training in electronics and at least three years’
experience in installation and maintenance of com.-
plex electronie systems.

Excellent Working Conditions

an
Employee Benefit Plans

All qualified applicants will receive consideration
for employment without regard to race, creed, color,
or national origin.

Send detailed resume’ to:
Centrol Employment Office

Union Carbide Nuclear Company

Post Office Box M
Oak Ridge, Tennessee

SEARCHLIGHT
SECTION

(Classified Advertising)

BUSINESS OPPORTUNITIES
EQUIPMENT - USED or RESALE

DISPLAYED RATE

The advertising rate is $24.75 per inch
for all advertising appearing on other
than a contract basis. Contract rates
quoted on request. AN ADVERTIS-
ING INCH is measured 7g inch verti-
cally on one column, 3 columns—30
inches—to a page. EQUIPMENT
WANTED or FOR SALE ADVER-
TISEMENTS acceptable only in Dis-
played Style.

UNDISPLAYED RATE
$2.40 a line, minimum 3 lines. To figure
advance payment count 5 average
words as a line.
PROPOSALS, 2,40 a line an insertion.
BOX NUMBIERS count as one line ad-
ditional in undisplayed ads.
DISCOUNT OF 109% if full payment is
made in advance for four consecutive
insertions of undisplayed ads (not in-
cluding proposals).

TRANSFORMER ENGINEER

With experience in the design and devel-
opment of Hi-Frequency and Pulse trans-
iformers for commercial and military ap-
plications.

Ideal opportunity for ambitious man to
develop full potential of present small de-
partment. Salary—open. Location—Erie,
Pa. Call or send resume to Chief Engineer

Erie Electronics Division

Erie Resistor Corporation

645 West 12th Street Erie, Pa,
Gl 6-8592
MANUFACTURERS’
REPRESENTATIVES

IN THE ELECTRONIC INDUSTRY

SAMUEL K. MACDONALD, INC.

manufacturers representatives over 25 years

1531 SPRUCE STREET, PHILA. 2, PA.

Territory: Other Offices:

Pittsburgh
Boltimore
Washingtan, D.C.

Pennsylvania @ New Jersey
Delaware ® Marylond
Virginio & West Virginia
District of Columbia

400 CYCLE GENERATOR SETS

2 KW, single phase, 17.3 amps., 115 volts, 400
cycle electric generator set. Ideal test generator
for lahoratory use. Manufactured by LELAND for
U. S, Navy. Ball bearing construction. Complete
with Raytheon Spark Gap Modulator type CRP-
10249.  Unit is mounted on welded steel base.
Dimensions: 43" L. x 18" W, x 20" H. F.0.B.
Chicago.

No. ASC400MG Our Pri:e...slsgso

Same generator, mounted on base with:

3 H.P,. motor, 60 cycle, 1 phase. .. $295
3 H.P. motor, 60 cycle, 3 phase. .. $289
3 H.P. motor, 110 volt D.C..... ... $275

Hundreds of other |

. write TODAY'

FREE CATALOG . . .
equipment bargains , .

GROBAN SUPPLY COMPANY

1139 South Wabash Avenue, Dept. AS-10,
Chicago 5. Illinois e WEbster 9-3793

EFFECTIVE
ENGINEER
RECRUITMENT
ADVERTISING
DEPENDS ON
ENGINEERING
READERSHIP

Where your recruitment program calls
for qualified engineers in the electronics
industry, there is no more efficient
method of reaching them than through
the pages of the publication they pay
to read.

electronics

CLASSIFIED ADVERTISING DIVISION
POST OFFICE BOX 12
NEW YORK 36, N.Y.

CIRCLE 460 ON READER SERVICE CARD

AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS

AN/FPN-32GCA. AN, APS-10 NAVIG. & WEATHER.
AN/APS-158 PRECISION. AN/APQ.358 PRECISION,
AN/APS.31A SEARCH. DOZENS MORE.
.5-1-2 MEGAWATT HIGH POWER PULSERS.
MICROWAVE PLUMBING—TEST EQUIP.
LARGEST RADAR STOCK IN U.S.A.

RADIO RESEARCH INSTRUMENT CoO.
550 Fifth Ave. New York Judson 6-4691

RADAR SYSTEMS & COMPONENTS / ety
CIRCLE 461 ON READER SERVICE CARD

ELECTRONIC DIGITAL VOLTMETER
electro instruments model 8309
Modular, solid state construction. 32 plug

in boards. Rack mounting.
$1,200.00 Will consider trade for Scope,

bridge, etc.
HAROLD RUPP
534 Tocino Drive, Duarte, Calif.

Elliott 8-9797

CIRCLE 462 ON READER SERVICE CARD

LOOKING FOR
USED/SURPLUS ELECTRONIC
EQUIPMENT/COMPONENTS?

For an up-to-date listing of such equip-
ment see Searchlight Section of Oct. 10th
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data re_corders
BXpensive?
UL

not any more

96

-

now, Mnemotron gives
you a complete, easy-
to-use 4-channel analog
tape record/reproduce
system with 0.2% precision

for only $3’495

Complete with 102" reel tape
transport, rack mounted.
\Inemo!ron offers a unique pulzed
.F.\l principle and fully transistor-
ized. self-contained unit that records
all analog data + data acquisition *
storage, analysis and reduction * time
scale contraction and expansion
programming * computer read I\ and
read OUT ¢ dynamic simulation. With
Mnemotron. you can do more with
paper recorders . . . expanding fre-
quency response and channel capac-
ity. saving vou from being dcluged
with data. permitting vou to look at
the same data at different time scales.

Model M204 features:

Any 2 adjacent speeds: 334, 712, 15 ips.
Added low speed available on special order.
Frequency Response:

® DC-—800 cps @ 15 ips

e DC—400 cps @ 72 ips

® DC—200 cps @ 334 ips

Lineority: 0.2% full scale.

Noise: Less than S50 db full scale.
Crosstolk: below 70 db.

Extended range systems also available.

Write, wire, phone today for
complete details.

MNEM ™ TRON

;s ©ORPORATYTION

precision analog data tape
recorders and hiological comptters

37 South Main Street, Pearl River, N. Y,
® PEarl River 5-4015 (914)
e Cables: Mnemotron

CIRCLE 96 ON READER SERVICE CARD
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Advertising Sales Manager
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ADVERTISING REPRESENTATIVES: NEW YORK
(36) Donald H. Miller, Henry M. Shaw, George
F. Werner, Robert M. Denmead, 500 Fifth Ave-
nue, OXford 5-5959; BOSTON (16) William §.
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Building, Copley Square, Congress 2-1160;
PITISBURGH (22) Dovid M. Watson, Four
Gotewoy Center, Express 1-1314; PHILADEL-
PHIA (3) Warren H. Gardner, William J.
Boyle, 6 Penn Center Plaza, LOcust 8-4330;
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CHICAGO (11) Harvey W. Wernecke, Martin
J. Gallay, 645 North Michigon Avenue, Mo-
hawk 4.5800; CLEVELAND (13) P. T. Fegley,
55 Public Squore, Superior 1-7000; SAN FRAN-
CISCO (11) T. H. Carmody, R. C. Alcorn, 255
Colifornia Street, Douglas 2-4600; LOS AN-
GELES (17} Morshall Freemon, Peter S. Car-
berry, 1125 W. 6th St., Huntley 2-5450; DEN-
VER (2) J. W. Potten, Tower Building, 1700
Broadway, Alpine 5-2981; ATLANTA (9) M. H.
Miller, 1375 Peachtree St. N.E., Trinity 5-0523;
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LAS (1) Frank Le Beau, The Vaughn Bldg.,
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Westendstrasse; GENEVA, Michael R. Zeynel,
2 Place du Port,

“BEAMED-POWER"” ANTENNAS

NOW MAILING! PL88 — technical
data, pricing bulletin describing
Advanced-design commercial and
citizen-band base-station antennas
and accessories. Includes Tower,
Rotator, “Baluns,’” Masting and
Transmission line data, plus nice-
to-have-around ‘‘info.” Request
your copy, today; no obligation.

WORLD RENOWNED AND RESPECTED
PERFORMANCE ~6 to 1500 MC.

Communication
and TV Antennas

Telrex
LABORATORIES

ASBURY PARK 25, NEW JERSEY, U.S.A.
CIRCLE 210 ON READER SERVICE CARD

BUSHING

TRAIN RELIEFS

ANTENNAS

Heyco
Nylon

v

A4 e ting bushing 7
Z% & ) {t?:tl:rslg:laors% cord set Z
/6/? to an electfically ope|(: Z/,
_ ated machine or appli- &
ance. 3 %
_____ it
JUNCTION-TERMINAL !
BUSHINGS

Eliminate “‘pig-tails’* — Miniature
size. Snap-in assembly, color or
number coded. Can be used as
plug-in receptacle. Simple quick
disconnect. ’

ACCORDIAN TYPE : g |

Fit curved surfaces
ing — brass tab

L A SV

HEYCO

NYLO

1o
1zes for holes from «©
119 Sﬁe& —various msilntg
digmeters. Snap lpc‘:(s
panels up to '¢" thick.

' BUSHINGS OF
s YOUR CHOICE

-
i HEYMA
i
!

|
i
MANUFACTURING COMPANY !

KENILWORTH 3, NEW JERSEY ]

CIRCLE 97 ON READER SERVICE CARD



Whose Proprietary Rights?

“PROPRIETARY RIGHT” is a phrase that
covers a lot of ground. It includes those tech-
niques, methods, processes, layouts and treat-
ments which, taken together, comprise the most
important asset of any business . . . the “know-
how”. We who labor in the electronics vineyard
traffic in know-how more than most others.
The history of our industry—and its future—
are irrevocably tied to the inventive genius of
the scientist and the engineer.

In cold fact, the government represents over
half the total market of our industry. Billions
of dollars of government money are spent an-
nually on electronic systems and hardware, as
well as on research and development. We there-
fore advance the premise that government must
conduct itself as a customer in such manner
as not to destroy, damage or limit the ability
or willingness of the industry to create and
supply the products of creative genius, products
which stem directly from know-how.

There can be no question that the government,
and the taxpayers, are entitled to the fairest
and lowest price consistent with quality mer-
chandise. A single source of supply for an
important item is admittedly undesirable. There
is no question but what the government is en-
titled to the know-how and patent rights re-
sulting from government-financed development
and research. But it is not entitled to the
know-how and prior knowledge of the firm un-
dertaking such work. For the government to
request that all proprietary rights and data be
handed over as a condition of doing business
with the government is patently unfair, and
dangerous. It is particularly unfair if the
government freely dispenses such proprietary
information when putting out bids and thereby
invites the invention of an item all over again
through “reverse engineering.”

To what extent must the government possess
data and rights to insure the national defense?
The question must be answered clearly, for to
that extent the government must have the
rights and data. Were such data retained by
the government for emergency use, little com-
plaint would be heard. Unfortunately such is
not always the case. Industry says much pro-
prietary data is being disseminated to bidders
for purpose of reprocurement. Furthermore,
data is required from subcontractors who must,

98

in turn, require the same data from their sub-
contractors. The result is a passing-down-the-
line of data, giving rise to natural speculation
that some firms through whose hands the data
passes may unjustly benefit from the informa-
tion therein.

The following factors contribute to the problem:

(a) Government procurement personnel
often overspecify data requirements to
play it safe.

(b) Businesses, small businesses in partic-
ular, are not always fully aware of their
rights and can’t afford a staff to keep
informed.

(c) Although ASPR 9-203 provides protec-
tion for proprietary rights, the definition
of reverse engineering contained in
9-201(b) dilutes and nullifies this pro-
tection.

(d) The all-inclusive demands of MIL-D-
70327 for furnishing data in sufficient
detail to permit manufacture or repro-
curement further dilute the protection.

(e) While it is recognized that the contrac-
tor is not required specifically to supply
data which is proprietary, it rests with
the supplier to initiate action to prevent
its inclusion.

So that the question of proprietary rights can
be more equitably resolved, we recommend:

(1) That description of contractors’ rights
be simplified and made more specific.

(2) That the government initiate a program
to keep industry informed of procedures
by which it can protect itself.

(3) That the reverse engineering clause in
ASPR 9-201(b) be eliminated.

(4) That proprietary data required from sub-
contractors be delivered directly to the
government rather than through com-
mercial channels.

(5) That ASPR 9-203 be revised in such
manner that the contractor be required
to disclose only data developed under the
particular contract involved.

W W M

EDITOR

electronics




FOR MICROWAVE
RELAY SERVICE:

NOW 3
TUBES

DO THE JOB

OF 23

Varian Associates’ VA-244 series of
reflex klystrons is designed for versa-
tility in microwave relay applications.
Three high-performance tubes can
do jobs which formerly required 23
different types. They're engineered
for flexibility, ideal for equipment in
the common carrier bands. Series
covers the microwave spectrum from
58 to 7.9 kMc. Use VA-244 series
klystrons as transmitter tubes with
average power output of 1 watt. As
local oscillators, they operate at
reduced voltages, with average power
output of 60 milliwatts. Reliable,
exceptionally stable, fully conduction-
cooled. Low FM distortion, improved
single-screw tuning.

SHOWN ACTUAL SIZE

FREQUENCY RANGE

TUBE #1: VA-244A 5.8-6.6 kMc
TUBE #2: vA-244B 6.5-7.3 kMc
TUBE #3: vA-244C 7.1-7.9 kMc

The versatility of the VA-244 series minimizes manufacturers’ and
customers’ stocking problems. Order in quantity to take advan-
tage of price reductions. For technical data, write Tube Division.

VAR|AN associates

/) PALO ALTO 1, CALIFORNIA

BOMAC LABORATORIES, INC.

VARIAN ASSOCIATES OF CANADA. LTD.
S-F-D LABORATORIES, INC.

SEMICON ASSOCIATES, INC.

SEMICON OF CALIFORNIA, INC.
VARIAN A.G. (SWITZERLAND)




RCA PRESENTS A NEW MICROWAVE FAMILY
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Integral-Cavity
PENCIL-TUBE OSCILLATORS

TYPICAL PERFORMANCE OF REPRESENTATIVE OSCILLATORS

OVERALL RF PERFORMANCE ASSURED

RCA Pencil Tubes provide the
vital voice-communications link
in the Satellite Communications
System of Project Mercury
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® From 900-3400 Mc

® Low-cost

® Includes RF Circuitry
® Compact

Now, RCA offers the recognized performance-
advantages of the famous coaxial pencil tube

- in a design which combines the pencil
tube with a mechanically-tuned cavity—to
produce a single-unit, compact, low-cost
microwave oscillator.

Wherever circuit compactness and gross
weight are major considerations in microwave
designs, RCA Integral-Cavity Pencil Tubes
hold intrinsic possibilities—for CW, plate-
pulse, or cathode-pulse work. There’s a choice

of over 20 types. And note this: RCA’s Appli-
cations Engineering group is available to dis-
cuss special Integral-Cavity Pencil Tubes “tai-
lored” to your specific requirements.

For information on RCA Integral-Cavity
Pencil Tubes—and other integral cavity devel-
opments such as amplifiers, harmonic gener-
ators, voltage-tuned oscillators, get in touch
with your RCA Field Representative. Or
write: Microwave Marketing, Building 55,
RCA Electron Tube Division, Harrison, N.J,

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA

®

RCA ELECTRON TUBE DIVISION FIELD OFFICES. .. Industrial Product Sales: NEWARK 2, N. J., 744 Broad St., HU 5-3900
+ CHICAGO 54, ILL., Suite 1154, Merchandise Mart Plaza, WH 4-2900 . LOS ANGELES 22, CALIF., 6801 E. Washington
Blvd., RA 3-8361 . BURLINGAME, CALIF., 1838 EI Camino Real, OX 7-1620 . Government Sales: HARRISON, N. J.
415 South Fifth St., HU 5-3900 - DAYTON 2, OHI0, 224 N. Wilkinson St., BA 6-2366 - WASHINGTON 7, D.C., 1725 “K"

st., N.W., FE 7-8500

RCA-Dev. g::;'u" Duty —[ Freq. | Inbut
Type (Wotts) Cycle | (Me) Voltoge
A-15132 500 (Peak) | 0.001 l 1100 50
A-15228 300 (Peok) 0.001 | 2000 50
A-15234 100 {Peok} 0.001 | 3000 50
A-15221 1 cw 1100 —_—
A-15227 0.3 cw 2000 -_—
A-15233 0.1 cw 3000 ~——

Important Technical Data for Microwave Designs

¢ RCA MICROWAVE TUBES
and SOLID-STATE 0SCIL-
LATORS and AMPLIFIERS
(ICE-180C). 16 pages of
characteristics on nearly
100 RCA Microwave Devices.
Please request on company
letterhead.

o RCA PENCIL TUBES (ICE-219). 28-page book on Pencil
Tube theory, application, characteristics curves, operating
data. Price 50 cents. Please remit with order.

Send your order to—Section J-19-Q-4, Commercial Engineer-
ing, RCA Electron Tube Division, Harrison, N, J.



