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DALE )RELIABILITY

goes into your circuit with

@ Metal Film Resistors

%
.;—/-

(R IC

Here's how Dale ‘“builds in’’ reliability

From lead to lead —from coating to core, the component parts
of Dale Metal Film Resistors are integrally matched, one
with the other. This is the key to resistor reliability. It is the
product of thorough quality monitoring, unstinting quality
control and continual product improvement. Dale MF Re-
sistors are specified in applications where high resistive
values in miniature size must be combined with a low tem-
perature coefficient and a high degree of stability. The rigid
quality control procedures and materials procurement stand-
ards used in the production of all Dale resistors have reached
new levels of achievement as a result of Dale participation
in the MINUTEMAN High Reliability Component Develop-
ment Program. Add reliability to your circuit by specifying
Dale MF Resistors. Weldable leads, EIA color banding and
reel packaging available.

SPECIFICATIONS

+ Meet requirements of MIL-R-10509D, characteristic C « Five physical
sizes rated at ¥, %, %, 1 and 2 watts  Resistance range from 100 to 4
megohms, depending on type and tolerance « Tolerances 25%, 5%, 1%
« Operating temperature range —-55° to 175°C

5 SELECTED CERAMIC CORES, formulated to

Dale specification are fire cleaned to remove all
surface impurities and to assure an intimate bond with
resistance film.

2 TERMINATING BANDS are deposited immediate-

® ly following the deposition of the resistance film
while still under vacuum. This assures maximum film-
to-lead contact, better load life stability, and reduces
possibility of contamination.

3 SPECIAL METAL ALLOY is vacuum deposited to
® uniform thickness over the entire core. Resistance
element then undergoes a normalizing process at ele-
vated temperatures. These procedures assure a stable
film with a temperature coefficient as low as 25 p.p.m.

4 COATINGS are matched to provide maximum pro-
® tection against environmental and mechanical
damage. Resistance element receives three coatings of
silicone prior to molding of outer jacket. Each coat is
cured separately at a temperature higher than maxi-
mum operating temperature thus providing automatic
normalizing. The first is applied following film deposi-
tion; the second and third coats are applied following
spiralling to value. Outer jacket utilizes Dale-perfected
molding technique which precisely centers resistance
element in homogeneous, void-free encapsulation.

Write for Dale Resistor Catalog A

DALE ELECTRONICS, INC. LI
@ 1304 28th Avenue, Columbus, Nebraska m
A subsidiary of THE LIONEL CORPORATION sl

Also Made and Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada
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THE BEST IS YET TO COME, IF.....

THE SELLER'S MARKET for government electronic
equipment and services is over. Tighter procurement
regulations and increased competition have made it
more difficult to do government business at a profit.
As taxpayers, we cannot seriously question the desire
of the government to get more for our defense dollars.

New procurement regulations were designed to
close loop-holes which permitted windfall advantages
in the past. Like most government corrective action,
perhaps it has gone too far. Zealous administrative
and procurement officers have frequently gone beyond
the intentions of our Congressional lawmakers.

Too many manufacturers have been lulled to a
false sense of security with the rush of defense orders
characteristic of the past ten years when our con-
tinental defenses needed quick implementation, our
missile technology was lagging, and we were building
aircraft at a fast pace.

In spite of this changing market, we see no cause
for pessimism. Our industry has had the massive
support of defense contracts for the past ten years;
contracts that have pushed back the frontiers of our
knowledge on a wide front. This knowledge should
be the basis for a leap forward into many new areas
of design and manufacture.

Certainly, better management will be needed in the
future for electronic manufacturers to show profit-
able growth. There has already been some “shaking
out” of the less efficient and poorly managed com-

ELECTRONIC INDUSTRIES <« December 1963

panies of our industry. Manufacturers oriented to-
ward defense business alone must find ways to use
their know-how for the development of commercial
and consumer products. They will need the tradi-
tional virtues of effective management, tight cost
control, imaginative product development and astute
marketing practices.

Well-managed companies in this industry are mak-
ing profits and will continue to expand their sales and
earnings in the years ahead. Others, which have not
been too successful, have a chance to re-examine their
operations and direct their efforts toward promising
industrial and consumer markets.

It is significant that 1963 was the first year that
industrial electronic sales have exceeded that of the
consumer market. This is an area of great potential
growth. And newer and better consumer products
must be developed and put on the market. We believe
this challenge will be accepted by our manufacturers.
They will reduce their dependence upon government
business and move ahead boldly to capture these
new markets.

Keen competition has been the rule in other indus-
tries for many years. We are confident that our in-
dustry can rise to meet this challenge.

Where will your company be when the chips are
down? THE BEST IS YET TO COME, . .. IF
WE WORK AT IT!



All from Sprague. .. for “cordwood” packaging !

ULTRA-MINIATURE
SOLID TANTALUM
CAPACITORS

... PLUS...

Type 172D in glass-to-metal hermetically-sealed
cases. Performance characteristics identical to
Sprague’s famous Type 150D capacitors . . .
including superior high frequency performance,
lower leakage current values, 'ower dissipation
factor limits, and higher pe“™issible ripple
currents as compared to customary industry
specifications. Engineerin ; Bulletin 3523

Type 154D in molded cases. Another Sprague
innovation to cut your costs. Offers nearly all
the high performance characteristics of metal-
clad capacitors. For selected applications in
digital computing equipment and other com-
mercial and industrial electronic gear where
you do not need the humidity protection of
higher-priced, hermetically-sealed types.
Engineering Bulletin 3530

Type 165D in polyester-film tubes. Sealed with
epoxy resin. Because of thin wall of tube casing,
Type 165D gives you the highest capacitance
of any solid tantalum capacitor anywhere!
Recommended for use in encapsulated blocks
or hermetically-sealed metal-encased sub-
assemblies to assure protection from moisture.

Engineering Bulletin 3535

'/TYPE 206P
Epoxy-Coated

’

7

e

P4

V TYPE 252C TYPE 262C,263C |/ TYPE 903Z TYPE 416E,418E
[ Molded-Case Molded-Case Epoxy-Coated Molded-Case
PACER? CERA-MITE® MONOLYTHIC® INDISTOR* FILMISTOR®
polyester film ceramic layer-built ceramic | induction-resistance metal film
[ CAPACITORS CAPACITORS CAPACITORS DELAY NETWORKS RESISTORS
| Engineering Bulletin 2067 Engineering Bulletin 6151 Engineering Bulletin 6250 E?gi:eeri:g Bulletin 45,001 Engineering Bulletin 70258
' rademarl
,TYPE 405E,411E /’ TYPE 239E TYPE 219E /, TYPE 5000Z /, TYPE 7000Z
Molded-Case Vitreous-Enamel Silicone-Encapsulated CONNECTORS Shielded
l FILMISTOR® BLUE JACKET” ACRASIL® and Radio F
| deposited-carbon power wirewound precision power wirewound ISOLATORS adio Frequency
RESISTORS RESISTORS RESISTORS (“shorts ond opens”) INDUCTORS

Engineering Bulletin 70008

Engineering Bulletin 74100

The Sprague components shown here are available in the two basic sizes
(-:090”"D. x .250"L. and .138"”D. x .390”L.) you need for the accepted high-density
technique known as “cordwood” packaging. If you wish, they can be furnished
on lead tape for automatic insertion on printed wiring boards. And with
standardized sizes, these components can be installed with the same machines,

Engineering Bulletin 7450

Engineering Bulletin 94,000

permitting more efficient use of insertion equipment.

SPRAGUE COMPONENTS

Engineering Bulletin 41,800

— ———

For complete technical data, write
for Engineering Bulletins listed
above. Address: Technical Liter-
ature Service, Sprague Electric
Company, 233 Marshall Street,

INorth Adams, Massachusetts.

CAPACITORS
TRANSISTORS
RESISTORS

MICRO CIRCUITS

1 TERFERENCE FILTERS

45C.130:62

2

PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS
TOROIOAL INDUCTORS
ELECTRIC WAVE FILTERS

CERAMIC-BASE PRINTED NETWORKS
PACKACED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS

FUNCTIONAL DIGITAL CIRCUITS
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*Sprague’ and ‘@)’ are registered trademarks of the Sprague Electric Co.
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Now from Sprague!

SEPT

SILICON PLANAR

EPITAXIAL TRANSISTORS

IN2217 = 2N2222

TO-5 (Pp=.8W) | 2N2217 | 2N2218 | 2N2219
TO-18 (Pp=-5W)| 2N2220 | 2N2221 | 2N2222
BVceo 60 V (min.)| 60 V (min.)| 60 V (min.)
Iceo @ 50V 10nA(max.)| 10nA(max.)| 10nA(max.)
hee @ Ic=150 mA 20-60 40-120 100-300
VE:@E l(csi..lrs)o gl 4 V(max.) | .4 V(max.) | .4 V(max.)
Cb@10V 8 pF 8 pF 8 pF
fra oo w | 400mctys)|400metyp) 400mc .|

Sprague N-P-N SEPT® Transistors are
designed for optimum emitter per-
imeter-to-area ratio, providing out-
standing gain uniformity from 0.1 mA
to 500 mA and fr (typ.) of 400 mc.
Sprague epitaxial techniques guar-
antee high BV¢io (30V) and low Vg
(SAT) (.24 V @ 150 mA).

SEPT’ TRANSISTORS FILL A
WIDE RANGE OF APPLICA-
TIONS AS SWITCHES, CORE
DRIVERS, AND AMPLIFIERS!

For application engineering assistance, write to Transistor Division, Sprague Electric Co., Concord,
N. H. For technical data, write for Engineering Bulletins 32,000, 32,005 and 32,010A to
Technical Literature Service, Sprague Electric Co., 233 Marshall St., North Adams, Mass.

SPRAGUE COMPONENTS

TRANSISTORS
CAPACITORS
RESISTORS
MICROCIRCUITS
INTERFERENCE FILTERS

PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES

BOBBIN and TAPE WOUND MAGNETIC CORES

SILICON RECTIFIER GATE CONTROLS
FUNCTIGNAL DIGITAL CIRCUITS
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ARTICLE RIGHLIGRTS

of this issue

“Time Will Sell”
Marketing Industrial Control Computers 32

The computer market is still young. Its offspring, full of *“firsts’ and
growing pains, is industrial process controls. Some firms already depend
largely on control computers, while others find their processes are not yet
ready. Still others are content to wait and watch for a little. One fact is
clear—the market is rising and fast.

The Hybrid Computer . . .

End of an Argument? 38

For years the arguments have con-
tinued — which is the better all-
around computer, the analog or the
digital? Now the hybrid computer
composed of both analog and digit-
al elements appears to have an-
swered the question for many uses.
Let’s see why many people in the
computer field are excited about
this method of computation.

11111
P g L4 Artificial Neurons—For Machines That Learn 52
IIZ eee IIT The study of neurons is being pushed, not only to learn more about
111 EEEEE I1 animal behavior, but to enable us to build machines that can ‘“learn”
III1 EEE 111 and “think.” This article gives a concise description of neurons and
inxrgxxn how they work, and how these can be duplicated in electronic devices.
/% 2%
. \ I/ g ¢ Y
Sensing and Control of Tape Slack Level 65 O ‘ 4
Computer tape is stored between capstans and reels,
in columns, for quick take - off. This ‘slack’” allows
the reels time to catch up. Generally, the level
of tape in these columns is maintained with a bang-
bang servomechanism and a sensor. That method
is a littte crude. The linear sensing method de- A =
scribed here will do a better job economically.
Introduction to the Synchro Transolver 69

The transolver has been used as a phase converter
and as a synchro transmitter. It has also been
used to sum angles, resolve vectors, and to moni-
tor servo instrument systems. As its versatility
becomes more widelr appreciated, it will be speci-
fied more frequently as the pick-off associated
with sensitive transducers and central data system.
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screen Test DAVID R. HEINLY

BUSINESS DEPARTMENT
ELMER DALTON

Here's a way to help you screen ouf( a 4F transistor befO(e it can abort a :"g{,"';‘,';g;"m:;';,
rocket, or bug the operation of a big computer. You preview its perform- | eowaro G, SHAUD, Jr.
ance in a Sierra Model 500A Power Transistor Tester. aoRode HERoaN
Mounting your transistor, rectifier, diode, SCR or zener diode in 500A’s :x";"z;‘:;';;‘"
unique Heat-Sink Well sets the stage for the test. Then you feed it a bridge Asst. Production Manager
mix of live circuit conditions: Power levels to 300 v, Peak currents to 50 See Advattisers index_en page 169 for
s - . Chilton Compan C. BUZBY, President
Now you really turn on the he:at. 500A’s precision Hegt-Smk Tempera- gm_'ﬂ.rw'('_'cgm'gm?m e ”*r"m;
ture Control lets you test transistor parameters at settings of Ambient, L R T e
40°C, 50°C, 60°C, 70°C, and 80°C. T yr: Staniey Appleby. Secrstary: J. A.
| Montgomery. Other Directors: C. A. S.
At this stage, 500A has stripped your transistor of most of its secrets. g Ty Wiy e
You read it like an open script. Transistor Beta (0-50, 0-500) shows up on Inam:l.;ilo:'q lades; Assistant Secrstary:
a digital dial. Accurate front-panel Voltmeter and Ic Meter displays reveal ’;m'; T
saturation resistance, leakage current, and collector breakdown voltage. Chilton Research Diracter
With this handsome profile of data at hand, there’s little chance of passing ELECTRONIC INDUSTRIES, December, 1963,
along bad transistors or throwing out the good ones. Vel 32, We. 12 A monu:lly ..m:m
Program notes on the Model 500A Power Transistor Tester can be found Phitapa qgi?s"ﬁ??&o";«:zﬁ')"sj?
in the product bulletin, available from the SIERRA ELECTRONIC DIV. :::.j.,".:?.,.ﬁ:q.:;s.;y 2 comy; Direc
address below. Or, you can arrange for a i T s il e
sneak preview of the instrument through = | L( :O nm 15 $1000; 2y $18.00, Canada
our nearest Sierra sales representative. . T 18 z yrs.  $30.00.
y mw%"(/orc(cﬂymny, g:czﬂ sm%' b: t:mmmi c:mdp%‘:,.:’nf;
Sierra Electronic Division/3885 Bohannon Drive/Menlo Park 2, California &T:i'::fmm sgr ey o
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Want An Ali Baba Treasure?

New Benelex 100A Is Your “Open Sesame”’

Today, there’s something new in electrical laminates —a more
versatile, more rewarding material for the designer. It's
Benelex 100A. This hard, dense, cellulose and lignin laminate
has superior dielectric properties. Costs less than phenolic
laminates. offers easier workability (cuts and shapes just like
wood). And Benelex keeps its advantages through years of
use. It will pay you to :nvestigate Benelex 100A—send now
for technical brochure.

BENELEX100A

~ the electrical laminate
15‘,"‘,“[‘ MASONITE CORPORATION

ELECTRONIC INDUSTRIES - December 1963
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What's better about Benelex 100A?

e Self-extinguishing with superior arc resistance compared to
phenolic laminates

e Physical and electrical properties are constant and dependable

e Benelex 100A is eligible for use up to 105° C as sole support of
current-carrying electrical parts where the suitability of the appli-
cation is determined by Underwriters' Laboratories, Inc.

o Approximately 50¢ per Ib. in less than carload lots—much less
than phenolic laminates

o Lightweight—high density electrical laminate
e Absolutely grainless, without defects, uniform in hardness
e Machines with ordinary woodworking equipment

e Masonite Fabricator Service delivers Benelex 100A components
made to order in any size, shape or quantity.

Masonite Corporation, Dept. EI-12, Box 777, Chicago 90, Il
Please send me brochure on Benelex 100A

Name
Firm
Address

City State

Circle 4 on Inguiry Card 74



if your subminiature coaxial connector isn’t here

Because there's a Subminax® coaxial connector that
mates with or is interchangeable with every known sub-
miniature connector on the market today. No matter
which connector you are presently using, FXR's com-
plete line of 117 different Subminax connectors includes
its mate and its replacement—on the shelf.

Our series 5116 Subminax connectors are quick-crimp
for fast assembly. Only three parts, including body as-
sembly. 500 VRMS; impedances of 50, 75, or 90 ochms;
with your choice of screw-on or push-on coupling. And

priced substantially below competitive “equivalents”.

Our series 27 Subminax connectors are available in
radial-crimp, braid and compression clamp, and hex-
crimp. Same high-level electrical and mechanical per-
formance as our series 5116.

For information, quotations and deliveries, contact
Kent Buell, FXR, 33 East Franklin Street, Danbury,
Connecticut, or your Amphenol-Borg distributor.

muTHE RF PRODUCTS AND MICROWAVE DIVISION
OF AMPHENOL-BORG ELECTRONICS CORPORATION

Circle 5 on Inquiry Card
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RADARSCOPE

Analyzing current developments and trends
throughout the electronic industries that will shape
tomorrow’s research, manufacturing and operation

VERSATILE, MORE ACCURATE RADAR

New precision approach radars to monitor high - speed, low - angle
approach by small jet craft in 12- 14-mile range with more reli-
able echo, have been ordered by British Aviation Ministry from
ITT's Standard Telephones and Cables, Ltd. Radars, SLA-3C, have
clearer display of elevation and azimuth. Consoles can be added.

IT WAS SOMETHING OF A SURPRISE to sce
the number of universities with exhibit booths at the
National Electronics Conference last month in Chicago.
The cooperative effort of the uinversities and industry
to attract research work to the area is drawing con-
siderable support.

RESEARCH AND DEVELOPMENT PLANS
must include thought and discussion on economic, mar-
keting, and sociological influences, according to David
C. Minton, vice president of Battelle Memorial Insti-
tute. Technology must “become compatible with finance,
production, sales and marketing. Technical competence
is no longer adequate.” A few decades ago research was
limited mostly to technical problems, with little or no
consideration for their implications in other fields. Now,
the national psychology demands constant change in
products, and this thinking is important in a research
program. Minton said that new products are every-
body’s business. All phases of corporate activity must
work together.

10

SEMICONDUCTOR DIODE EFFECTIVE-
NESS has been multiplied a thousand times simply
hecause two Purdue engineers redesigned diodes upside
down. Yuan Feng Chang and H. W. Thompson had
heen puzzling over the strange behavior of a group of
germanium diodes. They found that the alloy/ger-
manium junction allowed excessive reverse current. By
reversing the materials, the Purdue men found that in
the alloying process a smoother and more abrupt junc-
tion was formed which reduced reverse leakage by 100
times. They tried the same thing on silicon diodes and
they turned out 1000 times more effective. According
to Purdue, the new diode design is so simple and has
so much advantage, it will probably be taken up by the
entire industry.

COMMUNICATIONS SYSTEMS DESIGNERS
and makers might adopt the technical approach of auto
makers, declared Louis A. deRosa, vice president of
engineering, I'TT Communication Systems, Inc. He
said in effect that costly over-specialization in electronics
is making a potpourri of components and equipment so
specialized that field performance is only vaguely pre-
dictable. Auto men may change fins, grilles and other
frills, but will seldom mess with costly field mainte-
nance and replacement as a tradeoff for only possibly
improved performance. In his plea for more standardi-
zation, he offered a solution to the “gadget neurosis”
and the “black box’ philosophy that has plagued the
industry. “Select those applications in which failure
to utilize the latest technical advances would endanger
national defense.” Unless we pinpoint those premium
areas, over-specializing will keep on dwindling our
defense dollar.

USE OF “FUNCTIONAL ELECTRONICS”
promises better electronic operations than are possible
now with conventional parts and circuits that depend on
resistance and capacitance. Rodney B. Sorkin and
Lawrence H. Stember, Jr., of Battelle Memorial Insti-
tute say the new field now under study is the direct use
of material properties to generate and control electrical
and magnetic energy. Functional Electronics will use
basic properties such as light emission, heat conduc-
tivity, and charged particle motion. Present-day stand-
ard systems can contain 200,000 parts and a half-million
solder joints. One failure could render the system use-
less. Functional Electronics could reduce the number
of parts by 20 to 100 times or more, reducing size, cost
and increasing reliability. The emphasis would be on
function and not on configuration.

ELECTRONIC INDUSTRIES + December 1963



IMPROVED METAL CONDUCTORS for use in
high-temperature studies in the direct conversion of
heat to electricity are available to engineers as a result
of an extended USAF research project. Researchers
reviewed data and theory on conductivity, oxidation
resistance, and mechanical aspects of pure metals, alloys,
and metal binary compounds. Studies brought up ideas
for further study and development, as well as a pile of
data in tables and graphs. A report by Melpar, Inc.
points out usefulness to design engineers in selecting
best conductor to suit specific needs of temperature,
oxidation, mechanical environment, and cost. The re-
port is called—Electrical Conductors at Elevated Tem-
peratures. It can be obtained at OTS, Department of
Commerce.

ADVANCED TYPE OF “CHILD” CELL in
circuit, plug-in module form has been developed by
Self-Organizing Systems, Inc., of Dallas. The CHILD
(Cognitive Hybrid Intelligent Learning Device) in
cludes all solid-state switching and temperature com
pensation. The device is a relatively new and promis-
ing method of artificial intelligence. IFirst CITILD cells
were produced by engineers at the Rome Air Develop-
ment Center, Griffiss Air Force Base, Rome, N. Y.
The first system at RADC has 360 CHILD cells, each
using 3 type SE-100 solion tetrodes as memory ele-
ments.

GaAs DIODE DATA TRANSMISSION SYSTEM

Compact transmitter is a part of GE's new gallium arsenide data
transmission system which has achieved a bandwidth of 12 mc. Much
broader bandwidths are predicted. The system will be capable of
transmitting large quantities of data. The system sent a good,
800-line video with a 35 db signal-to-noise ratio over a 12-ft. line.

_.\\‘&}}b, ‘.{&?‘.

SPLIT CONTROL OF LASER BEAM

Optical circuit component capable of dividing or attenuating co-
herent laser beam has been produced by Electro-Optical Systems,
Inc. Light from helium-neon laser (left) passes into and through
interferometric module where it is split and controlled in rela
tion to original beam. Split, controlled beams are at the top.

ELECTRON BEAMS AS TOOLS for drilling
holes, cutting intricate shapes, and welding sand-grain
sized parts are being developed further by Westing-
house. Beams can do these tasks hecause of intense
heat produced when they bombard workpieces with up
to 100 million watts per square inch. This is enough
power to vaporize most heat-resistant materials. Despite
ultra-high temperatures from beams, average power
needs only a few watts. Because of the heam’s short
millionth-of-a-second pulse, the piece being cut or drilled
never gets hot. As such results are invisible, a micro-
scope must he used to monitor microminiature making
processes.

NEW VHF RADIO CHANNELS crossing the
equator are a potential source of long-distance com
munication. They may help ease problems of a crowded
world-wide radio spectrum, according to C. L. Wash
burn, an ITT engineer at Nutley, N. J. He said there
is now proof that the future for VHF paths across the
equator is greater than had been known. Good signal
to-noise ratios were constant at 3,000-mile distance
during his first tests for the Air Force. Low powers,
simple antennas, and standard receivers were used. Sig-
nals varied hetween 30 and 50 Mc, and sometimes as
high as 75 mc. Signals at times neared the calculated
free-space signal strength, suggesting ray focusing. Dur-
ing higher sunspot activity, say in 1970, receiving he-
yond 100 mc can be expected.

(More RADARSCOPE on Page 13)



This connector

and pulls

This Bendix® Pygmy® Electrical Connector uniquely
combines positive coupling and pull-to-disconnect fea-
tures. It is connected by a twist; disconnected either by
hand or remotely by lanyard.

Complete intermateability with PT receptacles is
achieved through use of standard Pygmy PT plug shells,
five-key polarization, and three-point bayonet lock cou-
pling. The *“‘twist/pull” design assures interfacial sealing
and meets applicable requirements of the current issue
of MIL-C-26482.

Circle 6 on Inquiry Card

twists together

Resilient inserts assure extreme vibration resistance and
provide support for size 20 or 16 gold-plated Pygmy con
tacts of either the solder or removable crimp type. Plating
options for the aluminum shell components are: cadmium
with an olive drab chromate after treatment, or alumilite
hard anodic coating.

Write us today in Sidney, N. Y., for your copy of our
informative technical bulletin SL-102, giving complete
information on shell sizes and arrangements, as well as
helpful design and dimensional data.

Scintilla Division [N 2%

CORPOGrAVIODN
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RADARSCOPE

SEMICONDUCTORS MAY
BE REPLACED by magnetics in
certain computer applications. En-
gineers at Sperry Rand are looking
for a computer that will be immune
to neutron radiation as high as 107
to 10! NVT and temperatures up
to 900°F. Magnetics, they say, are
100.000 times more resistant to
radiation, have 1000 times the life
expectancy, and allow about a 10 to
| reduction in the number of com-
ponents needed to build a computer.
Sperry is now working on a radia-
tion-tolerant computer for the Air
Force. The AF believes radiation-
tolerant computers would be of par-
ticular use in a nuclear powered
space vehicle.

1,400-DEGREE INSULATING
MATERIAL, lighter than ceramic,
has been developed by GE. Dr.
James R. Donnalley, general man-
ager of GE’s Insulating Materials
Department, said the new tough ma-
terial can be machined or molded.
A bonded mica laminate, the ma-
terial can be made in sheets up to
0.125” thick. It has an electromag-
netic wave transmission of 95%
and is only two-thirds the weight
of ceramic. Dr. Donnalley said the
material could be applied to space
vehicles, electrical appliances, elec-
tronic assemblies, power generating
equipment, microwave systems and
heavy apparatus. It can withstand
surges up to 1,500 volts per mil.

MEDICAL RESEARCH EDP
has resulted in progress according
to Tulane University and IBM in
New Orleans. In a joint study IBM
scientists and Tulane medical spe-
cialists are looking into using com-
puters for new ways to read x-rays
and to analyze brain wave and heart
patterns. A techmque to process
x-rays through digital computers

ELECTRONIC INDUSTRIES -

and retrieve them in more readable
form has been shown. X-rays are
scanned and converted into digital
form. With special programming.
the computer analyzes the image and
shows it on an oscilloscope, which
can be photographed. The Tulane-
IBM team believes the photo makes
it possible to see data or character-
istics not clear on the x-ray film.

NEW SOLID-STATE LASER,
optically-pumped, has been disclosed
by Varian Associates of Palo Alto.
Physicists R. Solomon and L. F.
Mueller report that the laser works
at 5985 A, in the spectrum’s orange
range. Coherent beam of the laser is
produced by praesodymium ions dis-
solved in an optically clear crystal
of lanthanum trifluoride produced
by Varian’s crystal group. Varian
scientists say crystals with high con-
centrations of active material
praesodymium, will increase the
power output. Also, the spectral
position of the output makes the
laser useful where radiation is de-
tected photoelectrically, or photo-
graphically.

OPTICS IN ELECTRICAL EN-
GINEERING is growing so
rapidly in new basic knowledge and
new applications that it has become
a whole new field of research and
education. George W. Stroke, pro-
fessor of electrical engineering at
University of Michigan, said the
“new optics” has had dramatic ap-
plications in EDP, communications
radar and infrared imaging, and
light amplification and control. We
have come to recognize “the emer-
gence of a new field, which may be
called electro-optical science.” Dr.
Stroke is head of a new research
laboratory set up by the University’s
Institute of Science and Technology
to study modern optics.

December 1963

When you say hustle,
we hustle.

Not for just anybody.

Only for those who want fast
delivery on electrical connectors,
bulk cables, cable assemblies or
shorting plugs.

Only for those who want the best
there is.

Only for those who work in
California, Arizona, Nevada, Utah,
Texas, Oregon, Washington,
Montana, Idaho, Wyoming, Colo-
rado, New Mexico or Oklahoma.

Only for those who send their
electrical connectors orders to our
office at 117 E. Providencia Ave.,
Burbank, California (Dial 213-
V19-3961), and their orders for bulk
cables, cable assemblies and short-
ing plugs to our Santa Ana plant at
1001 South Grand Ave., Santa Ana,
California (Dial 714-VI7-6454).

Did you say hustle?

Scintilla Division

Circle 7 on Inquiry Card
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WI DE BAN D FM recording, using 1.5-megacycle analog techniques to attain

an improved frequency response of DC-500 kc, is Mincom’s latest telemetry development. Heart of
the new system is the standard Mincom 1.5-mc CM-114 Recorder/Reproducer. The extended FM
responses enable telemetry facilities to record simuitaneously the most complex narrow-band and
wideband signals in PCM, PCM/FM, PDM, and FM/FM modulation. More advantages: Extended low
frequency response, excellent linearity, seven or fourteen recording tracks, versatility without
modification, greater dynamic range, dropout reduction virtually to zero. Write today for details
and complete specifications.

p———

Mincom Division 3“.!

2049 South Barrington Avenue, Los Angeles 25
425 13th Street N. W., Washington 4, D, C.
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MEASURE SHOCK

WITH A STATHAM SYSTEM

Here's a te iable shock measuring system that provides high response over a
range of ==40g t¢ +=600g at 5 volts peak-to-peak FS output. A 5 to 20,000 cps
system response is achieved by combining Stetham Model AK117 high frequency
response p ezoel2ctric accelerometer with Model SA105 miniature solid - state
amplif er. Other Statham piezoelectric accelerometers and amplifiers can
be combined to meet most aerospacz and laboratory shock and vibration WD
meastrement requirements. Our complete line of instruments is detailed
in a rew catalog. Write to Statham Instruments, Inc., Los Angeles 64.
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What won’t you think of next?

Special delivery to the top of the run? Fine. But we haven't as yet figured out
a way to get the Prop-Tow gadget back to the bottom for the next skier.

Our point is this—your present design problem may seem impractical, just as
the drill, shaver, mixer and other cordless products did a few years ago. But
Gould-National research engineers developed a package of concentrated power
using NICAD® Hermetically Sealed Rechargeable Cells that helped to make
these products a reality.

Have a design problem that could be solved with Nicad portable power? Write us.
We may be able to help you solve your problem.

G0ULDY nicaD BATTERY DIVISION l

NATIONAL
GOULD-NATIONAL BATTERIES, INC. / St. Paul 1, Minnesota
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KTECHNICAL INFORMATION 3

Yours for the asking from HEWLETT
PACKARD

s MR

P N

You are invited to join the regular readers of the hp Journal

The hp Journal is published monthly by our Typical Journal Subjects
R&D laboratories and is devoted to detailed

discussion of new measuring approaches, * PIN Diode modulation

most productive methods of employing test ® A solid state operational amplifier of high stability
instrumentation and latest information on ® Measuring small, stray L and C with nanosecond pulses
measurement techniques. * Loop gain measuring methods

* The present attainments of adjustable power supplies
* High speed frequency counters
* Phase locking synchronizer for stabilizing reflex klystrons

K @ APPLICATION NOTES 3

hp Application Notes include theo- FILL IN AND MAIL THIS POSTCARD for Application Notes, hp Journal, and
retical and “how to do it” informa-

tion on a wide variety of measuring
techniques. These notes are avail-
able without cost or obligation.
Here is a partial list of titles:

other helpful technical data. See the reverse side of this page for more information

First Class
e #54 Improvements in Microwave Permit No. 201
Swept Frequency Techniques Palo Alto éa"f

e #49 Measuring the Frequency of
Small 10-100 MC Signals

e #38 Microwave Measurements for
Calibration Laboratories

e #36 Sampling Oscillography

BUSINESS REPLY MAIL

No postage stamp necessary if mailed in U.S.

e #30 Measurement of Cable Postage will be paid by—

Characteristics
e #25 Cathode Ray Tube Phosphors

Hewlett-Packard Company
Department 18

1501 Page Mill Road

Palo Alto, California 94304

The Application Notes Index gives
a complete listing.



SE N D FO R \ll)zi!;:il::ln;:::rzil:ctronic Counters
INFORMATION ON R i
TH E PRODUCTS OF MICROWAVE INSTRUMENTATION TD 40 GC

Noise Figure Measurement Instruments

HEWLETT-PACKARD Power Measurement Instruments

TWT Amplifiers

Complete technical information and specifications Wavemeters

are available on more than 900 instruments from Signal Generators, Modulators

Hewlett-Packard. : '
Sweep Oscillators ‘

OSCILLOSCOPES/PULSE GENERATORS Impedance Measurement Instruments
AUDIO-VIDEO INSTRUMENTATION

Oscillators and Audio Signal Generators
Wave and Distortion Analyzers
Voltmeters, Ohmmeters, Ammeters
Voltmeter Calibrators and Accessories
Amplifiers

Attenuators

FREQUENCY AND TIME MEASURING
INSTRUMENTATION

Solid State Electronic Counters

POWER SUPPLIES

NEW! 1963.64 hp Short Form
Catalog, incorporating condensed
data and pictures on new hp instruments,
plus virtually the entire line of instru-
ments from hp and affiliates.

260 PAGE GENERAL CATALOG

Complete specifications and technical
information on our entire line of electronic
test instruments. Available from
your nearest hp field sales office.

Please send APPL'CAT'ON NOTES

O #54, [ #49, [ #38, O #36, [ %30, [ #25 ([J Complete Index

D Put me on the mailing list for the hp Journal
D Please send hp Short Form Catalog

D Please send information on : —
(Instrument type)

~(Frequency range or model type)

HEWLETT
PACKARD
COMPANY

Please print your complete address, giving mail station or other delivery code.

1501 Page Mill Road, Palo Alto, California,
94304 (415) 326-7000. Sales and service in
all principal areas. Europe, Hewlett-Packard
S.A., 54 Route des Acacias, Geneva, Switzer-
land; Canada, Hewlett-Packard (Canada) Ltd.,
8270 Mayrand Street, Montreal, Quebec.

The above is D my company address D my home address



COMING EVENTS

PETESEESE ERE o M) SN
DECEMBER

Dec. 5-6: 14th Nat'l Conf. on Vehicular
Communications, IEEE (PTG - VC);
Adolphus Hotel, Dallas, Tex.

Dec. 6: 4th Annual Seminar on Relia-
bility in Space Vehicles, PTG-R, ED,
CP; Los Angeles, Calif.

Dec. 9-11: URSI-IEEE Fall Mtg., IEEE,
URSI, et al; Seattle, Wash.

Dec. 19-21: APS Mtg., Pasadena, Calif.

Dec. 26-28: Amer. Astronomical Soc.
Mtg.; Washington, D. C.

Dec. 26-30: Annual Mtg., Amer. Ass'n
for the Advancement of Science;
Hotel Cleveland, Ohio.

JANUARY 1964

Jan. 7-9, 1964: 10th Nat’l Symp. on
Reliability and Quality Control, IEEE,
ASQC; Statler-Hilton Hotel, Washing-
ton, D. C.

Jan. 22-24: 19th Annual Instrumenta-
tion Symp. for the Process Indus-
tries; Texas A & M College, College
Sta., Tex.

Jan. 27 -30: 20th Annual Technical
Conf., SPE; Chalfonte - Haddon Hal!
Hotels, Atlantic City, N. J.

CEEEISEm TGN P | |
'64 Highlights

IEEE Int’l Conv., Mar. 23-26, Coliseum,
New York Hilton, New York, N. Y.
WESCON, Western Electronic Show and
Conv., Aug. 25-28, IEEE WEMA;
Sports Arena, Los Angeles, Calif.
Nat'l Electronics Conf., Oct. 19-21,
IEEE, et al; McCormick Place, Chi-
cago, Il.

NEREM, Northeast Research & Eng.
Mtg., Nov. 4-6, IEEE; Boston, Mass.

A T T BT | T
FEBRUARY

Feb. 2-7: IEEE Winter Power Mtg., IEEE;
Statler-Hilton Hotel, New York, N. Y.

Feb. 3-7: Int'l Conf. on Materials, ASTM;
Sheraton Hotel, Philadelphia, Pa.

Feb. 4-6: 19th Annual Conf. and Ex-
hibit of the Reinforced Plastics Div.,
SPI; Edgewater Beach Hotel, Chica-
go, lil.

Feb. 19 - 21: Int’'l Solid-State Circuits
Conf., IEEE, Univ. of Pa.; Sheraton
Hotel, Philadelphia, Pa.

MARCH

Mar. 2-6: 15th Conf. on Analytical
Chemistry & Applied Spectroscopy;
Penn Sheraton Hotel, Pittsburgh, Pa.

Mar. 16 - 20: Western Metal & Tool
Expos. and Conf., American Soc. of
Tool & Mfg. Engineers and ASM; Pan
Pacific Auditorium, Los Angeles,
Calif.

Mar. 23-26: IEEE Int'l Conv.; Coliseumn
and New York Hilton, New York,
N. Y.

Mar. 31-Apr. 2: ASM Gulf Coast Metal-
Working Exh. & Conf., ASM; Sham-
rock-Hilton Hotel, Houston, Tex.

ELECTRONIC INDUSTRIES -
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Six Tape Recorders
Stacked on a Bench

Slide 6 magnetic-tape cartridges into the trim
1%-cubic-foot transport of a KRS DATA-Stact™
Portable Instrumentation Recorder. Give each
cartridge double-bandwidth record/reproduce
channels. Equip the transport with plug-in, in-
terchangeable FM and Direct-type electronics.
Result is a remarkable 6-in-1 recording system
with up to 12 channels of data-logging capacity.

REVERSIBLE CARTRIDGES

Reliable, smooth-running KRS STACTape™ Car-
tridges were designed for use in DATA-Stact
Recorders to meet highest instrumentation re-
cording standards. Only in KRS STACTape Car-
tridges can you reverse tape direction to edit
data. The housing contains up to 1,200 feet of
continuous-loop Ya-inch instrumentation Mylar
tape. You never touch tape during operation or
storage.

™ Trademarks of KRS Electronics

Send for the
vital statistics that are found only in
Instrumentation Bulletin DR-2.

Lecr

Circle 14 on Inquiry Card

MULTI-CHOICE OPERATION

With a STACT Recorder on line, you can record
and reproduce data on any number of channels
singly, sequentially, or simultaneously with
precise synchronous start-stop operation of the
6-cartridge stack. Backlighted pushbutton con-
trols make operation practically foolproof. A
single connector provides for remote control of
all cartridges.

THE ONLY BENCH MODEL WITH S.A.*

Simple design and careful manufacture of KRS
DATA-Stact Recorders assure years of faultless
data-logging performance. The transport uses
only two moving parts: (1) A single extended
non-slip capstan, and (2) a quiet, cool-running
synchronous motor. All-solid-state electronics
require little maintenance. Prices range from
$2,500 to $7,000.

* Stack-Able design

Dept. E.I.
4035 Transport Street
LI Palo Alto, California
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Particularly well adapted for use on thin film substrates, the

Sylvania 2N2784 /51 Micropower Transistor offers you an

2 N 2784/5' ideal combination of performance, reliability and size.
y These devices are suitable for a variety of applications,
and are especially efficient as switches or amplifiers in the

only from microwatt or milliwatt range. Some capabilities: 1 Gc mini-

mum bandwidth. High beta at microamperes, with only grad-

val fatloff beyond 10 milliamperes. High switching speed

a
SYIva n I a S— (Ten + Tt = 12 nanoseconds). Low saturation voltages, typi-

cally 0.2 volts.

World's fastest silicon switch, in

1 Gc min. bandwidth, 12 nsec total switching speed, from Sylvania epitaxial
planar 3-stripe construction

2N709A 2N2475

SYMBOL TEST CONOITIONS Min. M Min. Mok

hee 30mA Vege=10V

hgg = 10mA Vg =05V

hee 20mA Ve =04V

Cop 0 Vegg=5.0V

Vee (sat) 3.0mA lg=0.15mA

Vee (sat) 20mA I = 0.66 mA

Veeo (sust) 10 mA (pulsed) lg — 0

Ts lgy = lgz = 5.0 mA

Taa 10mA g1 =2mA Vge(a)

Ton 20 mA lg1 = 1 mA Vge(a) =
10mA Il = lgz = 1.0 mA
20 mA |g|=—|57" 1.0mA

-5 mA Vegg=4.0V 1000 Mc

20mA V=20V




This performance stems from Sylvania’s advanced photo-
lithographic techniques, making possible the small, highly
efficient 3-stripe design, and from a tightly controlled fabri-
cation process.

Package—only Sylvania offers high frequency silicon
switches in a TO-51 co-planar welded closure featuring a
kovar-hard glass matched seal. Just .060” high and .150" in
diameter, these transistors offer the ultimate in space utili-
zation. Package integrity is assured by 100% bubble testing.
As an added reliability feature, each production lot is Radiflo
tested. All this, plus device stability stemming from the

plague-free planar process, gives assurance of high level
performance.

Another advantage of the Sylvania TO-51 is the great
variety of possible lead arrangements. Attached after the
package is sealed, leads can form various patterns to fit the
mounting location.

All of the transistors described here are available also in
the TO-18 and TO-46 ‘““pancake’’ package as well as TO-51
co-planar. For complete information, see your Sylvania sales
engineer or write to Semiconductor Division, Sylvania Elec-
tric Products Inc., Woburn, Massachusetts.

popular TO-51 co-planar package

Rugged. welded, .060”-high TO-51 co-planar package—100% leak tested

for reliac lity

ACTUAL
SIZE

SYLV: \\TIA

SuUBSIDIARY OF

GENERAL TELEPHONE &H[C'TRUN/C'S

NEW CAPABILITIES IN: ELECTRONIC TUBES

» SEMICONDUCTORS

MICROWAVE DEVICES - SPECIAL COMPONENTS - DISPLAY DEVICES
Circle 12 on Inquiry Card
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CUSTOM TIMING SYSTEMS
FROM STANDARD ASSEMBLIES

You get solid state timing systems tailored units from the table below, then designate
to your specific requirements—from sophis-  standard options to obtain exactly the tim-
ticated range timing systems to portable ing functions most suited to your particular
instrumentation — with Astrodata’s unique, "equirements. Numerous standard options

building-block production technique. hgve been designed .and built t‘_’ providg
with the most versatile —and highly reliable

For example, you can select fundamental —timing equipment available today.

S e | SR TIME CODE GENERATING SYSTEMS

:
IRIG, NASA, AMR, PMR, White Sands, Eglin and special codes available

|

Model 6190 Up to 8 serial time codes
simultaneously. ..standard pulse rates...decimal display
...stability to 1 part in 108

Model 6140 Up to 4 serial time-of-day codes
simultaneously. .. standard pulse rates...decimal display
.. .stability to 1 part in 108,

Model 6100 Up to 4 serial time-of-day codes..,
standard pulse rates. .. binary display...
stability to 1 part in 108,

TR TR MO T A5 A R "

TERMINATING SYSTEMS

Model 6220 UNIVERSAL ...

translates all serial time Model 6420 TIME CODE

[ ] L 3 -
paraliel BCD output. generator . .. synchronizes iy

Tape Search and Control time code generator to input

Units (Models 6224, 6225, serial time code . ..o _
6226) available for universal interruption of output on

automatic tape search. loss of input signal. : .

Model 6204 translates serial Model 6620 Timing terminal

time code. .. provides parallel unit. .. provides basic module

output and display consistent for standard terminal function

assemblies...can be assembled

to provide any necessary terminal, signal conditioning or
conversion functions . .. assembiies available: AGC amplifiers,
demodulators, neon drivers, high level amplifiers, balanced
line drivers, galvo amplifiers, relay drivers.

with input code format.

Model 6201 translates time-of-day serial code to
parallel output and binary display.

Model 6200 converts input serial time codes
to time-of-day display.

R e T e T e e e - 2 WU MEAPE 5, BT 1 T —— A<
A new 48-page handbook of the most commonly used time code for-

mats has been compiled as a handy reference for instrumentation

engineers. For your free copy write to

For applications assistance when
considering your timing system
contact your nearest Astrodata ASTROIDATA INC.
representative or the Timing 240 E. Palais Road ¢ Anaheim, California
Instrumentation Group direct.
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WASHINGTON TRENDS

CONGRESS PUSHING EDP STANDARDS A
congressional report on government EDP policies makes
a strong pitch for more computer standards. House
Post Office and Civil Service Commission, after long
study, reports that standardization is vital to efficient
use of Federal EDP systems. It suggests that the Com-
merce Department begin a crash program on machine-
to-machine reporting; it suggests a deadline schedule
for standardization. The report asks for more competi-
tion in government procurement, central reporting of
results of various systems, and programming courses
in high schools and colleges. There are now 1,248 EDP
systems at work in the government. About 63% of
them are in DOD. Last year IBM supplied 67% of the
new systems. The second ranking vendor, UNIVAC,
was a distant second, supplying only 6.3%.

OVERSEAS RIGHTS AN FCC ISSUE-—Two
communications giants, AT&T and IT&T, are in a
bitter squabble before the FCC over non-voice trans-
mission rights to England and Europe. American Cable
& Radio, IT&T subsidiary, fingered AT&T as a mo-
nopolizer. It says AT&T is trying to control overseas
communications by asking clearance to furnish non-
voice transmission to Europe for all of its customers.
This would include a new deep sea cable to England.

SATELLITE STOCK GOING ON SALE — The
U. S. Government is getting ready to supervise the
selling of common shares in the Communications Satel-
lite Corp. (COMSAT) in February. The corporation
will be owned half and half by communications firms—
AT&T and RCA among them—and by the public, and
will operate satellite signal relay stations in orbit. The
system, channeling both voice and non-voice signals,
goes to work later in 1964. Stock offerings will total
about $200 million, and the price will be $50 a share.

INCENTIVE CONTRACTS PUSHED — From
now on, every major NASA contract will be studied
closely. The idea is to find out whether an incentive
system will work by rewarding good contractors and by
punishing bad ones. The aim: make contractors do
better at less cost—and with reliability. Under the un-
tried system, contractors may earn bigger profits for
good jobs. For a bad job the contractor may get pea-
nuts, or no profit at all. The system allows contractors
to share in cost savings and rewards for superior tech-
nical performance. There are penalties for delays in
delivering the goods.

ELECTRONIC INDUSTRIES December 1963

ARE RESEARCH DOLLARS BEING
WASTED?—Congress is itching to know whether
all of the 14-billion-dollar kitty used by the government
for research each year is really necessary. There’s a
growing suspicion among budget experts that this is
more than is needed, owing, they say, to duplicated and
overlapping research projects. Space and electronic
research will get the brunt of any cutback that results
from investigations. The House has voted itself $500,-
000 for nine of its members plus a professional staff to
take an official peek.

HOW TO SPREAD THE INFORMATION—A
new drive to step up and improve the exchange of
scientific data is afoot by the Senate’s Government
Operations Committee. Sen. Hubert Humphrey (D.-
Minn.) has asked scientists and engineers around the
country for thoughts on weak links in present data sys-
tems and ideas for improving the flow. The Senator
offered to treat comments off-the-record if so desired,
so as to get candor in responses. He noted that today’s
stepped-up government efforts to collect and deal out
vast scientific information are under heavy criticism.

MORE EDUCATIONAL TV COMING — Re-
quests for a total $5,901,717 have been received from
33 groups filing under a program of Federal assistance
to establish or expand ETV f{acilities. The program is
being handled by the Department of Health, Education
and Welfare. On October 11th, President Kennedy
signed a bill appropriating $6.5 million for the program
for the current fiscal year. Congress previously appro-
priated $1.5 million. New ETV stations will use newly-
allotted UHF TV broadcast channels.

ENGINEER PAY SCALE CONFLICT LOOMS
—NASA has been accused of luring scientists and engi-
neers from industry and colleges. Washington’s biggest
wail, though, is that valuable technical men have been
switched from other Federal agencies, especially DOD.
The argument is NASA built manpower with promises
of higher salaries and faster promotions. “Glamorous”
NASA is fastest growing U. S. agency, with a fast
growing budget. The dispute logically narrows down
to the differences in pay rates for technical people from
agency to agency. Technical manpower was short, and
the government was willing to raise pay scales last year
as a come-on. With this shortage apparently satisfied
now, Congress may resist efforts to continue wage dif-
ferential for technical talent.
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BUY RIGHT, PLAY LATER

lﬂJ:i;ﬁj
FILTORS miC .
HEW vORK
One gentleman bought certified reliability. The others settled for "' predicted -3
reliability’” or merely QPL. Certified reliability is proof of good design. On

September 3, 1963, Filtors’ Blue Ribbon Relays logged enough failure-free

operations to justify a certified reliability figure of 99.999 percent with a
90 percent confidence level. Check your overall program. Reason tells you y 9
(O SRS PRLE NS S SO = LY

thac Filtors can prove reliability for much less cost than you can. Certified
reliability is your best buy. We replace anxiety with confidence. EAST NORTHPORT. L.I. NEW YORK. 516-AN 6.1600

Write Dept. A for information and specifications on the Blue Ribbon relay. A Division of General Battery & Ceramic Corp.
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HONEYWELL HEAD URGES
SALESMEN TO ‘THINK PROFITS!

To fight the continuing profit squeeze,
Honeywell's president says corporate
management should include field sales-
men in drives to improve operating
results.

James H. Binger, head of Honeywell,
declared that field salesmen should
be made to ‘‘think profits.” He called
them ‘one of the most neglected
areas of business.”

In contrast to the good job manage:
ment has done in cutting producing,
engineering and distributing costs in
past years, ‘‘we haven't yet gotten
the word to the field sales force on
profits.”

“The average field sales force eats,
sleeps and talks volume,” Binger as-
serted. He said that too often, if field
salesmen think about profit margins
at all, they consider the problem as
someone else's concern.

RISING JAPANESE IMPORTS
CAUSE CONCERN IN SENATE

Ever-growing imports of electronic
products are causing new concern in
our nation's capital. Some senators,
once solid supporters of President
Kennedy's free-trade plan, now have
misgivings about the wisdom of un-
restricted imports.

Sen. Leverett Saltonstall (R.-Mass.)
points out that a large part of the cost
of U. S. electronic equipment is the
labor, and that Japanese wages aver-
age only 20% of comparable U. S.
wages.

Japanese vendors have captured
about 639% of the U. S. transistor radio
market. Imported sets are valued at
only $6.14 each, while American-made
radios have a factory value of $18.70.
The Senate views that our existing
tariff laws are no barrier to foreign
products.

AMPEX'S ROBERTS PUTS 1965
TAPE SALES AT $130 MILLION

As the big magnetic tape market
keeps unreeling, a crowded field of
competitors is out to share this market.
Sales are forecast from a present
$60,000,000 to some $130,000,000
by 1964 or 1965.

So predicts William E. Roberts, pres-
ident of Ampex Corp. He projects Am-
pex’s share as ‘‘substantially more than
109% of that larger market.”

Industry estimates of the magnetic
tape business generally place Minne-
sota - Mining first, Audio Devices or
Reeves Soundcraft second, and Ampex
a possible third or fourth.

ELECTRONIC INDUSTRIES -
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Facts and Figures Round-Up

EDP INDUSTRY PROJECTS MARKET GROWTH TO 1970

An overworked crystal ball emits
both promising and wild projections
for the computer market—at least
for the firms who will survive the
gradual shakeout.

EIA figures show gradual growth
from $495 million in 1957 to $1.2
billion in 1962. The association offers
no figure beyond 1962.

A spokesman for Honeywell EDP
figures the entire hardware, software
and services domestic EDP system
market at around $3.7 billion at the
end of 1963. He sees the market
pushing $5 billion by 1965's end. In-
ternational markets may balloon faster
from $1 billion in 1963 to more than
$3.5 billion in 1965.

GE's computer people think that
more than 509% of all data processors
sold by 1970 will use communications
equipment. People and equipment will
talk to computers, and computers will
“talk” to each other. A number of
firms, including GE, now make com-
puters that can transmit data, with

COMPUTER SALES FORECAST

BILLIONS OF DOLLARS
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Total U. S. computer market in equipment,
installation, services for 1962 has been
put at around $3.25 billion. William C.
Norris, Control Data Corp., thinks market
will rise 20% yearly for next eight years.
I¢ forecast holds, market may near $14
billion by 1970. Various guesses in total
sales of computers alone average around
$8 billion by 1970. Total for 1962 s
put at $1.2 billion. Please see chart.
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intermediate hardware attachments,
over telephone and telegraph wires,
by microwaves and laser systems.

EDP Services Market

The market for data processing serv-
ices in 1963 may reach $220 million,
forecasts J. P. Boyle, manager of EDP
services of UNIVAC. He places the
market at $500 million within the
next five years.

Control Data’s William C. Norris pre-
dicts that out of 12 major computer
makers today, there will be only six
in ten years. IBM will probably continue
as the goliath of the market. A recent
industry study estimates that by 1970
IBM will produce about 60 to 70% of
the computers in an $8.5 billion mar-
ket, compared wtih its 80% of last
year's $2 billion sales.

Norris estimated that nearly $5
billion worth of standard computer
systems were in operation in the U. S.
by the end of 1962, yielding a yearly
gross income to computer companies
in excess of $2 billion in the same
year. The value of installed systems
in the U. S., and yearly income, will
grow from four to six times over 1962
by 1970, Norris predicted. Yearly sales
in the foreign market will approach
those of the U. S. market by 1970.

Europe Market

The European market is put at about
$400 million now and may go beyond
$5 billion in about ten years.

Harold A. Strickland, vice president
and general manager of GE's Indus-
trial Electronics Division, said that by
the end of 1963 some 6,275 digital
computers will be delivered in the U. S.
for data processing applications. Their
total value, including peripheral gear,
will near $2.6 billion. Usage and soft-
ware will involve another $1.4 billion.

John E. Johnson, vice president of
RCA’'s Automatic Data Processing, said
that if computer equipment is used
for clerical duties alone, the total
computers delivered by 1970 would
hit 40,000. He reports that the indus-
try has already delivered some 10,000
systems in the U. S. He believes that
the computer population by 1970 could
easily reach 75,000 for all applications.

ELECTRONICS TO KEEP LEAD
AS A GROWTH INDUSTRY

Electronics will stay on top as a
leading growth industry throughout the
1960s. U. S. Department of Labor re-
ports that by 1970 we will be shipping
$20 billion or more in electronic prod-
ucts. We will be paying wages to some
1.1 million workers.
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Born reliable at 650° C.

Unusually stable and substantially
unaffected by the most severe en-
vironmental extremes due to the
virtually indestructible combination
of a matrix of inorganic material and
precious metal alloys after firing.

Built-in heat sink because the alu-
mina substrates have high thermal
conduction.

Unaffected by solder. Modules can
beimmersed in soldertotin selected
conductive tabs or solder discrete
components without effect on the
cermet resistors and capacitors.

Elements can’t separate from sub-
strate during varying environmental
conditions. Cermet resistors and ca-
pacitors are thermally bonded.

Perfect termination due to similar-
ity of compositions.

Pt-Au conductor composition dif-
fuses with the cermet compositions
and becomes part of the substrate
after firing.

« Migration dangers elimirated be-
cause no silver is used.

No cermet resistance element fail-
ures after 36,000,000 element
hours of extended load life relia-
bility tests. Only 0.172%, average re-
sistance change at full rated load.

« Extremely tight quality control in How you can benefit from our design
purchased materials inspection, in and development experience: We'll
process control of production pro- evaluate your circuit for incorporation
cedures, step-by-step product in into the new CTS cermet resistor-ca
spection, and quality assurance pacitor module microminiaturized
program on completed product. packaging system. Interconnecting

circuitry for maximum reliability will
Fired at temperatures exceeding be ‘‘designed in.”” Our design engi-
650°C so cermet resistors, capaci neering group will propose circuit lay-
tors and conductive circuit take ex- outs on one or both sides of alumina
cessive overloads without failure. substratesincluding positioning of dis-
Cermet resistors and capacitors crete active components using ‘‘fired-
operate continuously at 275°C; take on'' conductivecircuitsand *‘fired-on"’
short periods of 500°C. cermet resistors and capacitors.

CTS Cermet Resistors meet MIL-R-10509

CTS Cermet Capacitor

PERCENT CHANGE IN CAPACITANCE AND QUALITY
FACTOR VERSUS TEMPERATURE (100 KC TEST FREQUENCY)
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Request complete specifications and information.

b

Founded 1896

CORPORATION

c I Elkhart, Indiana ’& Circuit Packages

Sales Offices and Representatives conveniently located throughout the world.

Principal Products Subsidiaries

Variable Resistors CTS of Asheville, Inc., Skyland, N. C.
Selector Switches CTS of Berne, Inc., Berne, Indiana
Loudspeakers CTS of Paducah, Inc., Paducah, Kentucky
Trimming Potentiometers Chicago Telephone of California, Inc
South Pasadena, Calif.

Microminiature Components ]
CTS of Canada, Ltd., Streetsville, Ontario



SNAPSHOTS...
OF THE
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‘ARTIFICIAL SUN’

This 3-module solar array was developed for testing space
vehicles under conditions simulating the sun’s rays found
during interplanetary space travel. By means of high inten-
sity lamps and a complex assembly of optical lenses and re-
flectors, radiation that virtually duplicates solar radiation
in space may be produced. Technician Darrell Burnett at the
HoneyweH California Ordnance Center is shown measuring
the intaasity and pattern of radiation from the simulator.




COMPCNENT EVALUATION

Rebiability engineer L. A. Milton uses a mag
nifier to examine high-speed x-ray motion
pictures of a missile part. The pictures en
able reliability engzineers at General Dy-
namics/Astronautics, San Diego, to evaluate
parts and part failures under simulated oper
ating conditions. A motion analysis projec-
tor is used for cleser viewing of the film.

‘REAL TIME' COMPUTER

Computer operator, Arthur Worsh, operates
console of new Honeywell 1400 “real time”
computer system that features doubled mem
ory capacity, communications and random ac
cess storage capabilities. Computer console
also features (l-r) a random access control
panel and a communications control panel.

GLASS MEMORY

Class ultrasonic delay line is used as a
high-speed digital memory for computers and
data processing equipment. These delay lines
are made by Corning Electronic Devices, a
department of Corning Glass at Bradford, Pa.
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ONE MAN HAS EVERY RECORDING DEVICE YOU NEED

For all the information you need about the full range of Beckman Dynograph® assemblies are available in a wide
direct-writing oscillographic recorders, see your Offner  selection: ink, heat or electric recorders, curvilinear or
representative. These engineers are instrumentation spe- rectilinear, to 24 channels. They may be cabinet, table
cialists and can help you select the ideal direct-writing  or rack mounted. with d-c differential data amplifiers
oscillograph for your applications. and a complete range of input couplers.

Beckman INSTRUMENTS, INC

OFFNER DIVISION
SCHILLER PARK, ILLINOIS

International Subsidiaries: Geneva, Switzerland; Munich, Germany; Glenrothes, Scotland; Paris, France; Tokyo, Japan; Capetown, South Africa
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Delco announces two new silicon power transistors

T = ee yoe The 2’N3079 at 200 V and 2N3080 at 300 V join

No. lcex=5ma Sustalning To=BA Tc~10A | fc=5A fc=10A [Ic=5A Ic=10A Delco s 400 apd 500 v L expgnd our line of

— Sl ' - J high power, high voltage silicon transistors. The new

wos| 200 | 2000 | 25 M 0N 1.5v units come with safe operating curves to help de-

, | ] 1 A signers use the devices more effectively. At the same

| 300 | 300v | & L 0.0 1i5v time, a significant price reduction recommends the

—1- — — 400 and 500 V units for more applications than ever

messo| 400 | 325y | 49 TN 0.Iv L5v before. And all 6 Delco Radio devices have high

: . : sustaining voltage capabilities: 325 V on the 400

st | 400 | 325v [ & ™01 10 min. 10v 1y and 500 V units, and 200 and 300 V on the 200

[ (R 1w et esd - and 300 V units respectively. They’re all in produc-

anesz | 500 | 325 | 40 max. 0.7v 15v tion and available now through Delco Radio semi-

— e 32—5 T e . —f— - - conductor distributors or any of our sales offices.

2N2583 v 65 max: min. v ' A D E LCO

EWDABILITY

*Union, New Jersey Detroit, Michigan Palo Alto, California *Santa Monica, California  Syracuse, New York ‘*Chicago, lllinois RA D I O

324 Chestnut Street 57 Harper Avenue 201 Town & Country Village 726 Santa Monica Blvd. 1054 James Street 5151 N. Harlem Ave. ELIABILITY
MUrdock 7-3770 TRinity 3-6560 DAvenport 6-0365 UPton 0-8807 GRanite 2-2668 775-5411

AREA CODE 201 AREA COODE 313 AREA COODE 415 AREA CODE 213 AREA CODE 315 AREA COODE 312
*affice Includes field lab and resident engineer tor applications assistance. General Sales Office: 700 E. Firmin, Kokomo, Ind., Gladstone 2-8211 —Ext. 500 » Area Code 317 Division of General Motors, Kokomo, Indiana
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"Time Will Sell . . ."

MARKETING INDUSTRIAL
CONTROL COMPUTERS

The computer market is still young.

Its offspring, full of “firsts’’ and

growing pains, is industrial process controls.
Some firms already depend largely

on control computers, while others find
their processes are not yet ready.

Still others are content to wait and watch
for a little. One fact is clear—

the market is rising and fast.

“Industrial controls may offer the next big computer market
in the late 1960s and the 1970s.”

An IBM 1710 is pacing the Fitchburg Paper Co.,

Fitchburg, Mass. Engineers (top) work on features

to extend 1710’s operating range.

Monsanto Chemical Company (center) has equipped
Chocolate Bayou hydrocarbons complex near Alvin, Texas,
with four Honeywell 290 units.

Three lines at Western Electric's

Winston-Salem, N. C., plant (bottom),

that makes deposited carbon resistors,

are run by Genera! Precision LGP-30s,

along with instrumentation by Leeds & Northrup and Varian.

By SIDNEY FELDMAN

Associate Editor
ELECTRONIC INDUSTRIES




COMPUTER CONTROL HAS COME OF AGE in a broaden:
ing spectrum of industrial usage. The act of putting
computer techniques to work as industrial process
controls has spawned new markets for management
and new challenges for engineers.

In some fields—electric power, for instance——the
digital process computer is becoming commonplace.
In others, such as food processing, its potential is
only begiuning to be realized.

Of an estimated 250 control computer installa-
tions in the U. S.—more than two-thirds of the
world-wide total—nearly one-half are in the power
industry. A recent survey lists about 75 systems in
the petroleum and petrochemical industries. Total
deliveries up to 1963 are estimated at $62.5 million.

The computer process control systems market now
rings up only about $20 million in annual computer
sales, programs, rentals and related services. Yet.
industrial controls may offer the next big computer
market growth during the late 1960’s and especially
in the 1970’s. This is after business and scientific
data processing, and information retrieval.

Progress has been slow but there is perceptible
acceleration as industry becomes more and more
control and automation conscious. This same prog-
ress has at times been a bit shaky—and always costly.

Dr. E. M. Grabbe, director of International Com-
puter Operations for Thompson Ramo Wooldridge.
Inc., foresees greater progress. He estimates that
“today more than 330 computer control systems are
on order, or are installed. They are being ordered
at the rate of four a week” from several leading ven
dors.

Dr. Grabbe sees a ten-fold growth by 1970. There
should be “about 4,000 process computers controlling
an even greater variety of processes than today.”

A Little Over-Optimistic

These are world-wide sales estimates for a global
market served mainly by U. S. and West European
makers. Many firms feel that Dr. Grabbe is a little
over-optimistic.

Control systems are part of the much-heralded
legacy of commercial fallout or “spin-off” from aero-
space/defense R&D. computers
budded on the industrial scene less than five years
ago. In April 1939, the first closed-loop computer
control system was put to use. This pioneer control.

Process control

for a catalytic polymerization system, was developed
for Texaco at Port Arthur, Texas, by TRW.

That event signaled a new field for computers,
new markets for firms that make components and
computers. There were also new technical and mar-
keting problems to be solved. By 1960 about 25
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major process control system suppliers were wonder-
ing about their share of this still nebulous market
They saw a way to decrease their heavy dependence
on aerospace/defense business. Some makers werc
in doubt as to whether U. S. firms would help defray
R&D of this new technology in the same way the
U. S. Government supports R&D in its own activities.

So far, challenge and costs have far out-paced
reward. The bigger the system, the most costly the
investment. One big, first expense comes in bidding
for industry contracts. Many firms may invest as
much as $20,000 or more in a mere job proposal

At this stage of the art, it is considered a minor
marketing triumph to sell or lease a computer con
trol system. It is a major triumph when that com-
puter goes on-line, completing closed-loop control.

Best When Designed With Plant

Control computers are best when designed as part
of new plants. But when they are hooked onto exist-
ing plants, the result more often is merely an experi-
ment and not a marriage. Unsuccessful systems are
sent back home. Those only partially successful may
be kept on as costly performance monitors and data
loggers.

In the control computer market buyer and seller
must both be competent in technology and in man-
agement. Computer programming, or software, is
vital. Systems generally can control most processes.
Things get harder when those systems are expected
to optimize processing as well. At this point the
buyer must tally the rate of payout on his gamble.
Then the process must be put down on paper in great
detail so the system can be programmed to optimize
and control. Programming takes time, costs big
money and requires special talent.

A program may take more than a year of effort.
A major part of the payoff for a system and its pro-
gram(s) comes from repeated use of the program.
The program can be (and has been) rented to other
firms with the same or similar problems.

Though marketing of systems is based simply on
matching the art to the needs, much remains to be
learned about the dynamics of most industrial proc-
esses. Many “modern” processes are akin to magic
arts of intuition blended with generations of experi-
ence. Most firms balk at having these arts reduced
to computer science until systemized competitors
force their hand. Only after industrial processing is
understood can mathematical pictures be created.

Successful in Chemical Firms

These are some of the growing pains of a new
business which has some firsts. A few years ago
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INDUSTRIAL CONTROLS (Continued)
ESee————

Mousanto Chemical Company’s ammonia plant at
Luling, La.,, was the first chemical process unit
brought completely under computer control. On the
whole, many chemical firms have installed control
systems that have proved widely successful.

It may take anywhere from days to years for some
electric utility plants to be computer-controlled. Per-
haps the most unusual record was set recently by
Leeds & Northrup Co., of Philadelphia. The firm
needed only six days to install and put into service
a new digital-directed analog computer closed-loop
control. The system serves the Detroit Edison Co.
regulating power from 37 generating units to 1,297,
188 customers, and to neighboring utilities.

On the other hand, one Far West electric utility
may need up to six years to get its more complex
control system on-line, owing to a hazardous and
high energy operation.

Paradoxically, both success and failure in control
systems are usually wrapped in secrecy. Some suc-
cesses may be kept secret for competitive reasons.
Some firms, though, begin trying to increase effi-
ciency and save money, and end up trying to save
face.

An advanced IBM 1710 computer control system
was put to running a paper mill at Lewiston, Idaho;
the firm was using the old Fourdrinier way of mak-
ing paper. Last summer the computer was with
drawn “for the present.” Potlatch Forests, Inc., says
the decision does not reflect on the computer equip-

ment. New management felt the computer opera-
tion was premature. They felt the entire process and
plant had to be analyzed and “tuned up” before a

computer could be entered in.
Paper Mills Going into Controls

Yet, an IBM 1710 is pacing the Fitchburg Paper
Co., in Fitchburg, Mass., into first stages of auto-
mation. This firm increased mill instrumentation.
then brought in a digital system to improve output
by simple guide control. Plant officials say the sys-
tem provides greater control over mill operations and
provides inputs of machine variables which help
operators. Other paper mills are following the same
approach.

However, Westinghouse has just installed the
“first closed-loop, on-line computer control system
in the paper industry” at Gulf States Paper Corp.’s
Demopolis, Ala., plant. The system is controlling the
plant’s 350-ton-a-day continuous digester.

Instruments helped upgrade cement output in a
closed-loop process control system at California Port-
land Cement Co., Colton, Calif. There a GE-312
system is aided by a GE X-ray analyzer. The latter
unit monitors, examines and adjusts inflow of raw
materials to desired blend.

Riverside Cement Co., Riverside, Calif., was so
pleased with a 15% increase in output that the firm
ordered a second TRW computer. Riverside’s presi-
dent was even featured in a TRW testimonial ad.

Industrial automation may be redefined as “opera-
tion bootstrap” at Western Electric’s Winston-Salem,
N. C, works. There two computer-controlled lines
make deposited-carbon resistors. This is the first

t‘Progress has been slow but there is acceleration as industry becomes more and more control and automation conscious. West-
inghouse has installed a closed - loop, on - line computer control system at Gulf States Paper Corp., Demopolis, Ala., plant. The
Prodac 580 is controlling plant’s 350 - ton - a - day continuous digester. It’s the ‘first’ such control in the paper industry.”

—
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operation of its kind, and most likely the first to
make discrete components automatically. Though
economic factors greatly influence this project, prod-
uct reliability comes first, say WE officials.

In choosing a computer, WE’s engineer group
thought about buying a system for $1 million as well
as renting one for $5,000 a month. They analyzed
mathematical capability and high memory capacity
per dollar. Then they analyzed access time, type of
operation, power needs, and special logical features.
They settled on the LGP-30, 1957 vintage, which
cost them $40,000. Engineers liked this computer
because it could be adapted to black box changes they
planned in input and output.

Steel Another Big Market

Another big market is steel. Although European
steel makers have always been on the conservative
side, they did have to do a bit of rebuilding of
bombed-out plants after World War II. As the
plants re-grew, process controls were brought in.
Now, some European plants may top U. S. firms in
steel-making and may soon excel them in rolling.

Some observers expect the Common Market na-
tions to spur sales of process control computers in
Europe through the late 1960s. As a result, certain
continental steel products may prove more competi-
tive than American steel items, both here and abroad.
In turn, the state of affairs may stimulate sales of
control computers to U. S. steel firms.

Many U. S. steel makers, equally conservative, are
waiting for solutions to automated steel making.
W. E. Miller, of GE’s Systems Sales and Engineer-
ing Operation, Schenectady, N. Y., nudged steel-
makers last summer. In an address at the Interna-
tional Federation of Automatic Control meeting in
Switzerland, he said:

“In the steel industry automation is evolutionary.
I know of no steel plant in the world where manage-
ment considers their plant fully automated.”

GE installed the “world’s first computer-controlled
hot strip mill” at McLouth Steel Co., Trenton, Mich.
It next plans to automate several sub-systems of a
hot strip mill, from reheating of ingots to the coiling
of finished steel.

In certain processes some 50-man-years of engi-
ncering are needed to apply computer control to a
steel mill or power plant. Such engineering time
could run $1.5 million, mostly out of the control
maker’s pocket. Computer marketing involves long-
term financing for engineering, for R&D, and for
heavy investment tied up in leased computers. In

@® A REPRINT of this article is available from
ELECTRONIC INDUSTRIES Reader Service Department
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Dr. E. M. Grabbe,
Director, Internation-
al Computer Opera-
tions at TRW, es-
timates more than
350 systems are on
order, or in place.
He sees a ten - fold
growth by 1970 and
about 4000 process
computers in use by
that year. Some say
he is too optimistic.

effect, only the leading firms—the giants in process
controls—can thus afford to finance their own learn-
ing curves.

No Market Approach Standard

In the new computer market, no single marketing
approach is standard. Generally, big computer firms
have regional and field offices throughout the nation.

Customers’ engineers may deal directly with the
manufacturer. Monsanto Chemical’s own systems
engineering section designs and operates control com-
puters. Some customers may take on a consultant,
others will let the computer firm do the whole job.

So successful have been some installations—those
in which there has been ample time to evaluate per-
formance—that some firms have two or more com-
puters either in use, or on order. An example of
some note is Monsanto, which has equipped its big
Chocolate Bayou hydrocarbons complex near Alvin,
Tex., with four Honeywell 290 units. Monsanto has
two other computer setups, and Honeywell says it
was the first big plant to be completely ‘“‘com-
puterized.”

Computer controls are becoming more applicable
in industry as seller and user both learn from each
other. A somewhat “far-out” use of computer con-
trol technology is in the system Honeywell will
shortly install at the new $22-million cake plant of
the Sara Lee Kitchens in Chicago’s suburban Deer-
field. The Honeywell 610 system, will direct produc-
tion and the complex functions of an automated
warehouse the size of a football field. Honeywell en-
gineers say that this advanced and sophisticated
system will be the first computer application in the
food processing industry and also the first in any
industry to direct and control warehouse and ship-
ping operations.

Firms Offer ‘Package Deal’

At the building of a petrochemical plant for the
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INDUSTRIAL CONTROLS (Concluded)

Celanese Chemical Company, Honeywell worked
with the engineer-contractor. Honeywell supplied a
whole deal that included among other things some
of its own computer-compatible instruments, checked-
out, calibrated and set up. At Honeywell’s Pottstown,
Pa., EDP Center, Celanese’s engineer was trained
in programming. He saw the system put together.
wired and debugged under 30-day simulated condi-
tions. Honeywell, then, installed the system, tied it
into process loops and contracted for continuous
maintenance.

Here, in effect, is a package deal offering built-in
markets for a single firm as major contractor draw-
ing upon its many divisions for sales and engineering
support. Big firms, such as GE, Westinghouse and
others, can do likewise.

Smaller firms in the field cooperate in joint rela-
tionships, often with larger makers. The Leeds &
Northrup LN 3000 all-transistor digital computer
for on-line process operation is designed and built
by Philco to L&N specifications.

Input-output equipment to complete the computer
system is custom-built by L&N to meet customers’
needs. Sales and services are handled by L&N.

UNIVAC Division at St. Paul, Minn., makes the
general purpose industrial control computer mar-
keted by Westinghouse as a major component of
the broader PRODAC process control system. West-
inghouse assumes complete responsibility for sys-
tems planning, installation, marketing. U. S. and
foreign firms may and do enter similar international
joint ventures.

Though IBM has the lion’s share of the general
computer market, it is rated third in the world-wide

process control computer market. These statistics

U.S.-CANADA LEAD WORLD
IN USE OF INDUSTRIAL CONTROLS

According to figures from the Computer Division
of Thompson Ramo Wooldridge, Inc., United States
and Canada at present have upwards of 234 indus-
trial process control computers in operation in var-
ious industries.

Industry No. of Control Computers
Petroleum and Gas 26
Chemicals 36
Electric Power 79
Steel 41
Paper making 11
Cement 4
Miscellaneous Industries 37

Total units

(as of September, 1963) 234

In contrast, the Soviet Union has four operating
process control systems in chemicals and only
two, so far, in steel.
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come from TRW which rates itself first, and GE sec-
ond. Elliott-Information Systems Inc. is rated fourth,
Westinghouse is fifth, Daystrom sixth.

A company out to make its mark in the world
control computer market is Control Data Corp.,
Minneapolis. It recently acquired Daystrom’s Control
Systems Division, and earlier acquired the Computer
Div. of Bendix Corp. Last May, CDC acquired a
controlling interest in Electrofact N.V., Amers-
foort, the Netherlands, to broaden its foreign capa-
bilities in automatic industrial process control.

Other Markets Included

In addition to process and production computer
control systems, related markets include: air and
highway traffic control, baking, engine testing, tele-
vision program switching and scheduling, university
and medical research, weather and data reduction.
Some sources foresee related work in structural de-
sign, reaction chemistry, metallurgy. Dr. Grabbe of
TRW predicts “new technology (resulting) in the
development of many new processes designed es-
pecially for computer control.”

One current project with broad technical and mar-
keting implications concerns the U. S. Bureau of
Reclamation which bought a GE-412M computer
system. It will be used for load-frequency control,
economic dispatching, optimizing water usage in its
five-state Colorado River Project. Microwave and
land lines will link the computer center to analog
and digital telemetering units in Colorado, Utah,
Wyoming, New Mexico and Arizona. The computer
also will perform energy accounting and billing.

Biggest Market in U. S.

Yet the biggest market is in the U. S. Foreign
competition and domestic growth may spur U. S.
industries to replace an estimated $90 billion in exist-
ing production facilities considered obsolete. Rate of
growth of control computer sales may be paced by
the rate of new industrial plant construction. How-
ever, revitalizing or rebuilding old plants or updating
them with modern computer control offers a big
market and a big headache. It’s easier and better
to integrate new plants and computer control con-
currently.

Finally, labor’s place—or lack of place—in the
world of automation remains to be solved. At this
stage, automation really is not as prevalent as is
generally believed. In part, jobs are shifting. More
people are being hired by the computer companies,
while automated and semi-automated plants shrink
payrolls. Yet the problem of future unemployment
somehow must be considered part of marketing’s
task of closing the loop of the computer control
market.
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SI1 MPS ON INSTRUMENTESE STAY ACCURATE

NEW. MODEL 261

Are you O)khg for a VOM that will handle toda/'s tighter tests as well as
tomorrow’s? ~hen order one of these new high accLmcy VOM:s. Pick the
Model 261 if your accuracy requirements fall witkin +1.5¢, DC and 1

39, AC. O- if you need a little more finesse, select the Model 270
(Series 21 witk +1.259, DC, +2.59, AC, and temperature compensation. et/ \}-’
Both units tlend the latest in VOM design witt Simpson’s ¢ ose manu- R &

facturing control. They are today’s finest buys ir VOIM’s. Self-shielded  Special calibrafion
Annular type circuit for
MEW MODHEL 251—Guaranteed accuracy (77°F): DC va, =1.0% F S; DC ma and movement increased accuracy
amps, DC valts to 1000 V, =£1.5% F S; S0CO volts, =2 5% F S; resistznce ranges,
RX1, =2.2%0f erc, RX100 and RX10,000, =1.5° of a~cz A valts to 10J0V, =3.0%

F S, 500CV, =£.0% F S.. ... 60,95 _.[;-::;L g
NEW IMFROVED MODEL 270, SERIES 2— ngh flux wersion ot self-chielded An- []

nular move nert. Gold bonded, temperatura compe 1cated diodes fo- AC ranges.
Guaranteec aczuracy (77°F): 50 ua, =0.75% F S; DCY to 100CV anc DC ma and Movement  Sp-ing Mirro- scale
amps, =..25% F S; 5000 VDC, =2.25% F S; ohms R>» ., =1.5°zrc; chms RX100 overload backed with <1ife-

and RX10,C00, =1°arc; ACV to 1000V, +2% F S; 500C VAC, 3% F S ....$64.95 protection  jewels edge pointe”

N

Both new 'CM’s—Models 261 and 270, Serles 2
—are design=2d for use with Simpson's

popular “Adc-A-Tester” adapters.

Call your distributor or write for Catalog 2064A. m\'

DIVISION
SIMPSON ELEZTRIC COMPANY 5213 W. Kinzie St, Chiczgo, lll. 60644 Phone: (312) EStebrock 9-1121

in Canada: Bach-Simpson Ltd.,
Represemalves 'n Principal Cities ...See Telephone Yellow Pege: London, Ontario
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For years the arguments have continued—which
is the better all-around computer, the analog
or the digital? Now the hybrid computer com-
posed of both analog and digital elements appears
to have answered the question for many uses.
Let's see why many people in the computer field
are excited about this method of computation.

WHICH IS THE BETTER COMPUTER? \Which is more
accurate? Which is faster? The digital computer
has the ability to make decisions. Programming the
analog is easier, while the digital computer is more
accurate. Time scale of analog computations may
be slowed down or speeded up easily. The argu-
ments go on and on!

Companies which needed computers for their
operations were forced to make a decision. This
decision often resulted in a sacrifice of some feature.
This was necessary to obtain another more desirable
quality in the selected unit. Thus, the system chosen
was not always as efficient as it could have been.
For many uses this decision need no longer be made.
The hybrid computer, which combines the capabili-
ties of the individual computers, may be the an-
swer.This article will discuss the relative merits and
restrictions of analog and digital computers and the
part each plays in the makeup of the hybrid version.

* * *

The analog computer can instantaneously solve an equation
containing many variables. This ability makes it a natural
choice for simulation uses. Photo is courtesy of Honeywell.

THE
HYBRID COMPUTER...
END OF AN ARGUMENT?

There are two divergent philosophies as to just
what constitutes a hybrid computer. The first states
that the hybrid computer must perform digital and
analog computations which are of equal significance.
This generally requires an analog and a digital com-
puter joined by a linkage system. The second philos-
ophy is that an analog computer which contains some
digital logic or method of making a decision (or,
conversely, a digital computer with some analog
capabilities) should be considered a hybrid computer.
The first definition may be the better of the two,
although the feeling in the industry seems to be that
many computers of the future will be “hybridized”
and thus adhere to the second definition.

There is some feeling that a system is not a hybrid
unless:

1. Both machines compute at the same time, on
the same problem.

2. The transfer of data is a two-way proposition ;
that is, from digital to analog and also from analog to
digital.

3. The inputs are connected. Here, the output of
one machine would not be put on tape, cards, etc.,
and then later fed into the other computer.

A true hybrid computer is one that is made espe-
cially for hybrid use. This line of thought has some
merit. In fact, it is emphasized by two cooperative
agreements which were recently signed between digi-
tal and analog computer companies. These agree-
ments call for the sale of integrated systems.

The first of these was one signed between Elec-
tronic Associates, Inc., Long Branch, N. J., and
Control Computer Co.. Inc., Framingham, Mass.
Result of this agreement is a computer termed Hydac
2400 which combines both general purpose analog
and digital computers in a single integrated system.
The Hydac 2400 system includes two EAI 231R-\
PACE Analog Computers, the EAI Series 350 Digi-
tal Operation System (DOS) for interface and con-

R e T Sl R s T
By SMEDLEY B. RUTH

Associate Editor
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Hydac 2400 hybrid combines (I to r in background)

Computer Control Co.'s DDP 24, general purpose digital computer;

EAl's DOS 350, interface and control system; and EAl's 231 RV, general purpose analog computer, in a single integrated system.

trol, and the 3C DDP-24 General Purpose Digital
Computer. In addition to its capability as an inte-
grated computer, the system design also provides for
independent use of the analog and digital computers.

The second of the two agreements is one which
was signed between Packard Bell Computer, Los
Angeles, Calif., a digital computer manufacturer, and
Computer Products, Inc., South Belmar, N. J., maker
of analog computing equipment. These companies
have agreed to a joint marketing and systems engi-
neering effort in design, manufacturing and installa-
tion of large hybrid computing systems. Equipment
proposed under this agreement includes Computer
Products Mark IIT analog computer and the Packard
Bell PB440 digital computer. The Mark III was
specifically designed for use in hybrid systems with
digital control logic and digital computers.

These two agreements make it possible for a cus-
tomer to contact only one source instead of three dif-
ferent sources as is often the case when the analog
computer, the digital computer and the linkage sys-
tems tying them together are purchased separately.
Also, the engineering involved is done by the com-
panies’ engineers. Disadvantage of these systems is
that the cost is prohibitive for all but the largest
companies. For example, the first of these computers
will cost about $550,000. For those companies which
find either of these systems to be impractical, there
is still the older method of making the hybrid com-
puter. This is to pick and match the analog and
digital computers and the linkage system yourself.
Many companies have done this.

For us to understand the need and advantage of
hybrid computers we should first study the analog
and digital characteristics which make them attrac-
tive or unattractive for hybrid use.
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The Analog Computer

The analog computer operates as both a simulator
and a mathematical machine, A wide variety of
mathematical operations can he done through use of
continuously variable physical quantities. One of its
main forte’s is its ability to instantaneously solve an
equation containing dozens of variables. This ability
makes it a natural for simulation work. It can be used
to study physical behavior of a system by virtue of
analogous characteristics.

It is a fairly flexible machine due to its building
block construction. This makes it able to perform
many different simulations or investigations within
a short period of time, merely by changing the opera-
tional elements that perform the mathematics of a
problem.

The building blocks, or modules, normally provide
the functions of summation, integration with respect
to time, multiplication by a constant, multiplication
and division of variables, function generation, gener-
ation of trigonometric functions, and representation
of system discontinuities. All quantities are repre-
sented by continuously varying voltages ; outputs from
the computer are never absolute numbers. Differen-
tial equations may also be solved on the analog. This
is done by integrating a suitable number of times to
form integral equations and these can be represented
on the computer.

The analog, being a parallel machine, is ideally
suited to dynamic calculations. All variables are
computed simultaneously and continuously, making
its speed independent of the size or complexity of the
problem. But, as each building block works on one
part of the problem, the size of the problem deter-
mines the amount of equipment needed. Also, even
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HYBRID COMPUTER (Continued)

Photos show hybrid computing system
being offered by Packard Bell Computer in
conjunction with Computer Products, Inc.
System consists of PB440 digital computer
and Mark Iil analog computer below.

though the analog can calculate at any speed, there
is, in practice, a maximum time base associated with
any particular problem. Thus, if the problem is run
at an unrealistic rate, accuracy will be affected.

Analog outputs are generally accurate to within
1%, but seldom better than 0.1%. Accuracy can be
improved, but cost is prohibitive.

The analog also has the advantage of continuous
readout which does not have to be translated. Some
readout devices used are: digital voltmeters, oscilio-
scopes, strip-chart recorders, X-Y plotters and digital
printout.

Speed of the analog helps it to overcome some of
its failures (in some instances). For example—even
though the analog can’t make logical decisions its
speed allows it to make a large number of runs in a
short time; thus, the best one may be chosen. Its
speed permits computing in “real time” or faster. It
can keep up with any physical system. It solves cer-
tain types of problems in seconds that would take a
digital computer hours to solve. Memory capabilities
of the analog do not begin to approach those of the
digital.

They are more easily programmed than the digital
machine. There is little or no ‘“software” available
for analog computers, but more attention is now being
given to this problem. It is said that a good pro-
grammer can, through “tricks,” improve the ac-
curacy of the analog computer.

It should be evident why this computer, designed
mainly for use in the aircraft industry, has become a
valuable tool for research and scientific investigation,
various types of simulation, etc.
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The Digital Computer

The digital computer operates with munbers as
opposed to voltages in the analog. It makes use of a
counting method to operate and thus the output takes
the form of a set of numbers or letters. It does not
work instantaneously—sonte time is needed for com-
putation. As it must do arithmetic, there is a lag
(however short) between the problem and its solu-
tion.

Basic operations performed by the digital machine
are addition. subtraction, multiplication and division.
These bhasics are. in turn, used to do much 1nore com-
plex calculations. In short, a digital computer can
solve any problem that can be written in the form
oi simple arithmetical operations. Programming i»
more difficult than in the analog.

The digital machine does only one operation at a
time. Thus, problem solving can he very time con-
suming. This drawback may be somewhat offset as
computing speeds increase and multi-programming
methods improve. For repetitive calculations it can
be very fast. As it works with increments, variables
are not calculated continuously. It follows instruc-
tions exactly. New programs must be written for
any changes.

Three areas in which the digital computer stands
out are those of decision making, storage. and ac-
curacy. Its ability to make logical decisions is un-
questioned. It’s not called the “thinking machine”
for nought. It can store large amounts of informa-
tion, and this capability can be easily expanded. Fur-
thermore, it can store a variety of information—
tables, functions of several variables and even whole
programs.

It is very accurate. Accuracy can be increased
merely by decreasing the calculation increment. Also.
there is no drift problem in the digital computer.

Uses of the digital machine are many and still
growing. It is particularly useful where much in-
formation must be stored, many repetitive opera-
tions must be performed, logical decisions must be
made, or extreme accuracy is required.
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industrial processes are simulated by analog computers and

controlled by a digital computer at Honeywell's systems
simulation center in Pottstown, Pa. Hybrid facility consists
of two EA! 231R analog computers (foreground) of special
design and a Honeywell 290 digital computer (background).
Linkage System

Three major drawbacks are presented by the link-
age system. They are:

1. The problem of reconciling the time bases.

2. Discontinuous D-A signals—digital computer
supplies information to the analog computer at dis-
crete time intervals. The analog sees this as a stepped
function.

3. Unrepresentative A-D signals—if the digital
time step is larger than, or even a large portion of,
the fundamental frequency of the analog output, the
A-D data could actually be a poor representation of
the analog outputs.

Much effort has, and continues to be. devoted to
these problems. Many equipment claims have been
made, but a method of programming may hold the
answer. One such method was described just last
month in a paper presented at FJCC by R. Gelman
Entitled “Corrected Inputs—A Method for Improv-
ing Hybrid Simulation,” it describes a programming
procedure designed to minimize these three diffi-
culties.

The linkage system for a hybrid computer can he
of normal or special design depending on usage. As
these systems are a study in themselves, let it suffice
here to say that their importance should not be over-
looked when making a choice. They can have as
much affect on system performance as either the
analog or digital computer.

The Hybrid Computer

The hybrid computer is a fairly recent addition to
the computer family. It represents an attempt to
solve problems which neither the analog nor digital
computer can solve alone. Combining the most de-
sirable features of the two computers it achieves an
efficiency which is greater than either system alone.

It is finding increasing use in aerospace and proc-
ess simulation, process control, biomedical research,
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engineering design and optimization and man ma-
chine systems.

Let’s look at a hybrid solution to a satellite con-
trol problem. Here the digital models itself after the
logical system of the satellite control unit. The ana-
log portion simulates the response of the mechanical
part of the satellite. Together they serve to simu-
late flight even before the satellite is designed.

The hybrid can be used to make improvements to
1 mathematical model by making exploratory changes
to it. /After each change the analog calculates new
results which are then compared with previous re-
sults stored in the digital memory. The digital com-
puter then makes changes in the model and starts a
new cycle of computation.

When should a hybrid system he considered ? This
list, taken from notes given at a hybrid computation
seminar conducted by EAI early this year, suggests
that problems having one or more of the following
mathematical features should lead to a consideration
of hybrid computation.

1. Simultaneous differential equations with widely
different parameters which produce both low and
high frequencies in the solution.

2. Differential equations to be solved at high
speed, their solutions for different initial conditions
or parameters being used in a prediction. iteration or
optimization process.

3. Combinations of continuous and discrete varia-
bles as in the description of a sample data system. or
a computer control system.

4. Perturbation analysis about slowly changing,
precisely established solutions.

5. Statistical analysis needing repeated solution of
differential equations. including Monte Carlo methods
for deterministic problems. This is essentially a data
storage and simple evaluation task around the solu-
tion of differential equations.

6. Filtering and processing continuous and sam-
pled data for evaluation purposes.

7. Partial differential equations to be solved by
serial integration procedures.

8. Ordinary differential equations accompanied by
transport delays.
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Ctemical Division 3'!3.,

WHAT HAPPENS TO MATERIALS

WHEN THEY COME

IN CONTACT

WITH FC-75 COOLANT?

nothing

They're cooled of course—and how! 3M Brand Inert
Liquid FC-75 does nothing but take heat away! How?

high density, low surface tension and viscosity, low
boiling point for evaporative cooling.

While FC-75 is working, it’s also the most compat-
ible coolant possible. Neither affects metals, plastics,
elastomers, chemically or electrically, or is affected in
turn by them! This means almost complete retention
of dielectric properties, even above maximum tempera-
ture limits of other dielectric coolants. FC-75 coolant
retains its high electric strength of 35 KV when it
changes from liquid to vapor.

Protection against thermal or electrical overload is
greatly increased. FC-75 stays stable, no matter what
materials it’s in contact with; won’t sludge or gum.

But in one way FC-75 and its companion liquid
FC-43 do ‘‘affect’” material. They permit extensive
miniaturization by removing up to 40 times more heat
through boiling than oil type coolants. Some trans-
formers, for example, have been trimmed 4 to 1 in
volume, 2 to 1 in weight!

For details on non-explosive, non-flammable, odor-
less FC-75 and FC-43, write Chemical Division,
Dept. KCQ-123, 3M Company, St. Paul 19, Minn.

3.[!! MINNESOTA MINING E MANUFACTURING CO.
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A Miniatune Avial-tead, Fackage

15

YET

Here is a radically
new plastic encapsulated

silicon rectifier — with a INORGANIC
total volume of only GLASS
0.0016 cubic inches COATED
(about' the size of a 14- RECTIFIER
watt diode) — rated for La

1 ampere at 75°C . . .

and priced competitively

with units rated for only {1 v

Y4 amp. '
Availableinvoltages upto1000volts (lypes 1N4001-

1N4007), these Motorola “Surmetic” rectifiers feature a

rugged, high-temperature silicone-encapsulated package de-

veloped especially for use in close packaged, high-density

circuit boards where danger of shorting to nearby components

may exist. Of special interest in high-reliability applications

Designed, For Dissipating Heat

THIS NEW MOTOROLA
'§ lIHMET IC" RECTIFIER

DLES 1 AMP<75C

b
- \’

'

IT OCCUPIES ONLY 0.0016 CU. IN.

ductor junction, sealing out moisture and other contaminants.
Devices of this type have passed 1,000-liour operating tests at
150°C and storage in air at 400°C . . . far beyond the limits
of conventional encapsulated devices. In addition to many
standard military tests, the Motorola “Surmetic” rectifier has
passed such special tests as: 20,000 g acceleration, 1,500 g

shock. and high-temperature lead-pull tests.
ABSOLUTE MAXIMUM RATINGS®

Rating Symbol | 1N4001| 1N4002 | 1N400I [ tNA004 | 1N20OS [1N4OOSE| 1NI0OT| Unit
Peak fnverse Voltage
OC or Recurrent 50 100 200 400 600 800 1000 fvolts
Sine Wave RMS Input voitage v 35 10 140 280 420 560 700 |Volts
Average Half-Wave Rectified
Forward Current (75°C Ambient) Is 1000 1000 | 1000 | 1000 | 1000 | 1000 1000 | mA
(100*C Ambient) 750 750 750 750 750 750 750 | mA
Peak Forward Current @ 25°C
Cycle Surge, 60 ¢ps)] liorge 30 30 30 30 30 30 30 |Amps
(Recurrent’ (2% 10 10 10 10 10 10 10 |Amps
Maximum Ambient Yemperature Ta 175 178 175 175 178 175 175 ¢

* (At 60 cps Sinusmdal, Input, Resistive or Inductive Load)

is the fact that the excellent heat dissipating characteristics tTrademark of Motorola Inc. The Motorola-originated glass-

of the “Surmetic” rectifier enable operation at lower junction
temperatures . . . thus. extending operating life!

Inside the molded case of the “Surmetic” rectifier a thin
layer of thermally-grown, inorganic glass covers the semicon-

passivating technique used for these devices was perfecied for
production and military application as part of a military contract
program sponsored by the Manufacturing Technology Laboratory
of the Air Force Aeronautical Systems Division at Wright Patter-
son Air Force Base.

Design engineers — now you can eeonomically design in a single rectifier type for all applications up to one
ampere . . . using the low-cost, Motorola ““‘Surmetic” rectifiecr. Write the Technical Information Center, Motorola
Semiconductor Products Inc., Box 955, Phoenix, Arizona 85001, for additional technical information.

‘new leader in Total Silicon Technology

MOTOROLA Semiconductor Products Inc.

BOX 9%5% e PHOENIX., ARIZONA 88001 o

A SUBSIDIARY OF MOTOROLA INC

103.071
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THAN 100 KLEIN PLIERS

SPECIALLY DESIGNED FOR THE

ERECTRON{CYRIED

Special skills are important in the wiring of today’s
sophisticated assemblies for electronic and telem-
etry systems. Klein has developed special pliers
to assist in solving difficult assembly problems.

o For instance, there is a plier with a blade as
hard as a file for cutting nickel ribbon wire
(No. D230-4C).

o For instance, there is an oblique cutter, spe-
cially designed for printed circuits . . . it cuts
and crimps the end to hold wire in place for
soldering. (D 052-C).

¢ For instance, there is a needle nose plier with
the tip bent to facilitate reaching into con-
fined spaces. D 338-514 C.

In all, there are over 100 different styles and sizes
of pliers available from stock. Klein will be glad to
discuss with you the development of a special tool
to solve a particular problem you may be facing.

ASK YOUR SUPPLIER

) Mathias
‘ Established 185]
The Klein Plier Catalog illustrating and

describing the complete Klein line of INCORPORATED B
pliers Is avallable on request, 7200 McCORMICK ROAD, CHICAGO 45, ILL.

&4
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Exclusive Babcock Design Fzature Provides
Lower Contact Resistance & Longer Relay Life

Contact contamination from vaporization is
one of the major causes of erratic perform-
ance and eventual failure of hermetically
sealed relays. After extensive investigation
Babcock Relays, in conjunction with Corning
Glass Works, has developed an activated get-
ter from Corning's Vycor brand porous glass.
During operation, the activated getters pre-
vent relay contacts from being fouled by con-
taminants emitted at elevatad temperatures.

Babcock has subjected relays using Vycor
getters to hundreds of thousands of opera-
tions at loads varying in excess of 200G's
for 11 milliseconds and vibration at 35G's,
3-5,000 cps. It has been determined that up
to 999% of organic cantaminants remaining
after production degassing are adsoibed by
the dessicant. Conclusive life testing at
125°C has proven that contact erosion and
contamination accumulation on all vital areas
within hermetically sealed relays has been
substantially reduced. Consistently lower con-
tact resistance is also exhibited due to the
reduction in contamination.

The end result provides Babcock relays with
increased performance ang efficiency, higher
temperature application, and longer, more
reliable life.

Babcock reliability rated relays featuring
Vycor getters include:

What good is a getter?

g Bobeack
Helayn

Batcock uses them to

. Y . . w
increase relay reliability.

8R13-67%81 |

—aky
o i\e

s e |
oo
BR-13—Micromimiature, all
weloed for dry circuit to 3 amp

g

|

d

BR-5—Transistor-sized dry cir-

cuit to one amp

ULy
BR-17—Half-size magnetic

{ latching for dry circuit to 2 amp

operation. Also available as non-
latching model

!Babcock
g vy abeock ‘
E}gelnys ;

{ | sr19-20001 ~26V "

BR14X~150D1- 26V

N K
4 9

BR-14 — Subminiature 4 POT | BR-19—Subminiatare all-welded
available in 10, 7.5 and 5 amp 10 amp relay. BR 20 magnetic
latching version also available.

Send for complete catalog

BABCOCK
o RELAYS

A DIVISION OF BABCOCK ELECTRONICS CORPORATION
3501 HARBOR BLVD., COSTA MESA, CALIF. « 546-2711
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WHATS NEW

AUTOMATIC TYPESETTING COMPUTER

A COMPACT, LOW-COST COMPUTER designed for auto
matic typesetting operations for newspapers has been
announced by RCA Electronic Data Processing.

Called the RCA 30 Newscom, the computer was
specifically developed for the production departments
of newspapers and other publications.

The system can handle production operations for
any sized newspaper, but is priced to make computer-
ized typesetting feasible for about 500 medium-sized
daily and 900 large weekly newspapers.

The computer will produce up to 20,000 lines/hr.
of automatically justified and hyphenated type on
teletypesetter tape. This is about 130 columns of
straight news matter/hr., the typical editorial con-
tent of a newspaper of about 100,000 circulation.

The tape output can be fed directly to keyless
linecasting machines, where lines of type are set to
fit within column rules with correct hyphenation.
The RCA 30 can prepare teletypesetter tapes for
varying type sizes and column widths, without any
reprogramming.

RCA 30 computer will produce up to 20,000 lines/hr. of auto-
matically justified and hyphenated type on teletypesetter tape.

FAULT DETECTOR

The capacity of one ANA-LITE unit is 176 terminations. Units
may be grouped and larger program sheets used when necessary.

46

A NEw DEVICE called the ANA-LITE® allows non-
technical personnel to detect any type of wiring fault
in an electronic assembly within minutes. Developed
by Canadian Aviation Electronics Ltd., Montreal 9,
Que., Canada, the device uses a system of small lamps
to indicate whether a circuit is wired correctly; and,
if not, it indicates the terminations between which a
fault exists.

Set up time is short, with all programming done
on a sheet of paper which is placed over the lamps.
Circles have been printed on the sheet, one for each
lamp in the unit. When lines are drawn between
specific circles by the user, the circles and lines repre-
sent terminations and wires in the unit to be tested.
Appropriate circles are given numbers to identify
them with corresponding connector terminals.

The ANA-LITE offers 3 programming systems to
accommodate large quantity runs, medium runs or
1-off setups.

(More What's New on pages 49 & 51)
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ALFRED 1 to 18 Gc
Sweep Signal Generators

ELECTRONIC INDUSTRIES -

THAN SWEEP OSCILLATORS

O Known Power Output
Front panel power set meter gives accurate indication
of calibrated output power.

L Drift Free, Leveled Output

Closed loop leveling, now using low VSWR barretters
gives uniquely flat leveling. Use of two barretters in a
balanced bridge essentially eliminates power drift.

U Two Sweep Modes

Broadband sweep covers the entire band or any part
of the band. Symmetrical sweep (0 to *5%) is available
about independently selected center frequency F..

BRIEF SPECIFICATIONS

O Three Single Frequencies
Three single frequencies (indicated on slide rule dial
with 19% accuracy) can be selected with front panel
switch for CW or modulated operation.

O Three Frequency Markers

Frequency markers provide frequency calibration for
oscilloscopes or recorders. The F. marker frequency
is the center frequency of the symmetrical sweep.

0O Two Series Available

Model 630A series, which includes the power set meter,
covers 1 to 18 Gc. Model 630D series (1 to 8 Gc) in-
corporates a calibrated attenuator with 60 db range.

—_— — —
| MooeL | FREQUENCY T ipme T s | RESIDUAL
| | | Powes | vaRition | M|
631A | 1-2 Ge 50mw | % db | 60 Kc peak
632A | 24Gc | 50mw } +%db | 100 Ke peak
633A | 48Gc 10 mw +1, db # 160 Kc peak
635A | 8.2124Gc | 10mw | +¥%db | 200 Ke peak
637A [12418Gc | 10mw | % db | 200 K peak

COMPLETE DATA AVAILAELE —Alfred’s policy is to
publish complete specifications and guarantee them
as stated. For detailed information on Series 630
Sweep Signal Generatoss, contact your Alfred engi-
neering representative or write to us.

December 1963

] FREQUENCY STABILITY Better than 0.01% per degree C.
PRICE

SINGLE FREQUENCY Fi, F2 and Fo continuously adjust-
able, panel switch selected.
= 1 FREQUENCY MARKER Three markers My, M2, and Fo ad-
$3490. | justable over entire range.
$3290 SWEEPS Broadband, 2% to 100% of full range. Sym-
- metrical, 0 to +5% about center frequency Fo.
$3390. 1 SWEEP TIME 10 msec. to 100 sec.
SWEEP TRIGGER External; Free running; Line; Manual
| _$3490. |  (singie sweep). X R,
$3790. AMPLITUDE MODULATION Internal 800 to 1200 cps square
= 4 wave; External.

ALERED ELECTRONICS

3176 Porter Drive  Stanford Industrial Park - Palo Alto, California
Phone: (415) 326-6496

Circle 24 on Inquiry Card
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The CEC 4-390 is a high-output, unbond-
ed strain gage pressure transducer with
integral, solid state power supply and
amplifier, providing a 5 volt DC output
signal. This is a chamber-type instrument
designed for absolute and gage measure-
ments of fluids and gasses in pressure
ranges of 0-100 psi and 0-5000 psi. lts
excitation circuit isolation is 100 megohms
minimum ketween output and primary
power ground at 50 volts DC.

Major aerospace contractors have

Over 1000 delivered

CEC’s High Oufput Pressure Transducer

proven this instrument capable of maintain-
ing superior performance characteristics
in extreme acceletation, vibration, and
shock environments,

The 4-390 is a standard item, being
produced in quantity. There are variations
for specialized environments or unusual
structural application requirements.

If you're in the market for high-output
pressure transducers, study the specifica
tions of CEC's 4-390. These specifications
and this instrument are the result of CEC's

Circle 25 on Inquiry Cord

27 years of design, engineering, and
manufacturing experience; experience that
ensures that the 4-390's you order will
perform to your specifications —when the
pressure's on.

Call or write for Bulletin CEC 4390-X2,

CeC

Transducer Division

CONSOLIDATED ELECTRODYNAMICS
A Subsidiory of Bell & Howell » Pasadeno, Calif. 91109



LOW COST METER RELAY

PHOTRONIC METER RELAY models 1935 and 1945
encompass in one package all circuits needed for
S-amp switching. The unit consists of a basic model
1900 with a neon bulb, photocell, index arm, and
vane added.

The non-physical, contact-type unit uses a unique
circuit design. Here's how it works. Non-physical
contact switching occurs when a photoconductive
cell changes resistance. This is caused when a vane
attached to the meter pointer passes between the cell
and its light source. As shown in diagram this cell
and light source are part of an arm attached to the
top-mechanism jewel cell, which is above and inde-
pendent of the zero corrector abutment. Full-scale
adjustment of this basket and index pointer for either

high or low contacts is provided by a knob and crank. NEW 1/2 -SIZE CRYSTAL CASE RELAY

Non-continuous reading is provided since the pointer

is stopped several degrees beyond the index arm by MODEL 902 (DP DT)
the bracket supporting the lamp cell. The changing | Meets requirements of MIL-R-5757D
(CTREE o 1) Rigid frame construction
|5 Positive contact wiping action
High-temp. coil wire rated +220°C
Size: .80"L x .40"H x .40"W
Weight: 0.3 ounce
Contact arrangement: Form C

Coil rating: 6, 12, 26.5, 48 VDC (others available)

Contact rated load: low level dry circuit to 2 amps
resistive to 26.5 VDC

Contact life: 100,000 operations at rated loads
Vibration: 0.1” D.A. or 20G peak, 10 to 2000 cps

FLEXIBLE LEADS Temperature: —65°C to 125°C
Shock: 50G for 11 milliseconds

METER - BASIC PARTS Dielectric strength: 1000 volts RMS except 500 volts RMS
from coil to case and across open contacts

S
Actual Size

INDEX

A unique circuit design allows components for 5-amp

switching to be placed in a self-contained pack- Terirnb UGN, hOGKTFASTNS ST e

age. No remote power supply or load relay is needed. Corrosion resistant materials used throughout
Produced with meticulous care under white room
METER CONTACTS conditions and rigid quality control procedures

+

This new relay is reliable! It is constructed of precision made parts to exacting
tolerances for uniformity of production, and provides consistent, dependable
performance. Available from factory shelf stock and from stock in our

Los Angeles and New York offices. Ordering references for 1/;-size

Crystal Case Relay with hook terminals and bracket mounting,

26.5 VDC is Catalog No. 90210320.

For technical information call Aerospace Products, or write for Bulletin 1073.
Telephone: 242-5000, Area Code 412. TWX 412-642-4097, TELEX 086748.

SCHEMATIC — COMPLETE UNIT UNION SWITCH & SIGNAL DIVISION
e RS CRPIATE W PITTSBURGH 18, PA./ Westinghouse Air Brake Company
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THE TRULY
ENLIGHTENED

ENGINEER
AVOIDS ANY

THOUGHT
OF SELf- ;
INTEREST
WHEN &
CONTEMPLATING &
A NEWJOB. '«

£VEN THE
CHANCE 10
RUB MINDS
WITH THE
KEENER CHAPS
AROUND UCLA, [
USC OR CALTECH |
LEFT ME |
STRANGELY
UNMOVED.

WHETHER ONE -
CAN SKIN-DIVE &
IN THE
PACIFIC
AND SKI IN
THE
CALIFORNIA
MOUNTAINS
COULDN'T
MATTER LESS

PERSONAL
CONSIDERATIONS
COULD NEVER
HAVE PERSUADED

ME TO WORK
FOR HUGHES BUT
THE TOW PROGRAM

NEEDED - ME...
THAT DID IT.

MAYBE
WHIZZING
AROUND IN
AN XKE;,
OR RAISING
ONES OWN
CYMBIDIUMS

WOULD
TEMPT MY

FRIENDS.
I REJBCT IT.

MAYBE I
AM HAPPY
AT HUGHES,
_ BUT COULD
T CONTRIBUTE
. MORE IF I
. WERE
- MISERABLE?

Hughes IS h|r|ng I Numerous opportunities now exist on a variety of ad-
vanced projects and studies. For example: F-111B PHOENIX Guided Missile System,
TOW Anti-Tank Missile, SURVEYOR Lunar Spacecraft, SYNCOM Communications
Satellite, ARPAT, Advanced POLARIS Guidance, VATE Versatile Automatic Test
Equipment, Hard Point Defense Systems and others. Positions are open for experi-
enced specialists with accredited degrees and U. S. citizenship.

CONTROLS ENGINEERS. Concerns airborne
computers and other controls related areas for: mis-
siles and space vehicles, satellites, radar tracking,
control circuitry, control systems, control techniques,
transistorized equalization networks and control ser-
vomechanisms,

CIRCUIT DESIGNERS. Involves analysis and
synthesis of systems for: telemetering and command
circuits for space vehicles, high efficiency power
supplies for airborne and space electronic systems,
space command, space television, guidance and
control systems, and many others.

INFRARED SPECIALISTS. To perform systems
analysis and preliminary design in infrared activities
for satellite detection and identification, air-to-air
missiles AICBM, infrared range measurement, air-to-
air detection search sets, optical systems, detection
cryogenics and others.

SYSTEMS ANALYSTS. To consider such basic
problems as: requirements of manned space flight;
automatic target recognition requirements for un-
manned satellites or high speed strike reconnais-
sance systems; IR systems requirements for ballistic
missile defense,

ELECTRONIC INDUSTRIES -

Please airmail
your resume to:

Mr. Robert A. Martin

Head of Employment
Hughes Aerospace Divisions
11940 W, Jefferson Bivd.
Culver City 60, California

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal opportunity employer,
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WIRHATS NEW

(Continued from page 49)
cell resistance may be used to control the SCRs, or,
with the module, to control a power relay.
A 120vac input is needed for the neon bulb. The
input voltage is also used, through rectification. as the

power supply for the power relay. The power relay
is normally energized and will drop out if a failure
occurs in the bulb, ac line, relay coil, or photocell.
\Weston Instruments and Electronics Div., 614
Frelinghuysen Ave., Newark 14, N. J.

NEW CUP-CORE INDUCTOR DESIGN

AN ADVANCEMENT IN THE DESIGN AND MANUFAC-
TURING of temperature-compensated cup cores has
been provided by Indiana General Corp., Keasbey,
N. J. and the Gries Reproducer Corp., New Rochelle,
N. Y.

Indiana General’s specifications for the cup core
called for controlled air gaps, Q-improvement, tuning
adjustiment, magnetic shielding, and temp. coeffi-
cients. The first step was the development of a mag-
netic ferrite with low-magnetic loss and high-temp.
stability. The next step was a design that would
make maximum use of the ferrite and also permit

econoniical mass production.

This design was provided by Gries. Precise tuning
of the trimmer assembly was achieved by tiny poly-
propylene screws (1-64 thread size), automatically
insert-molded into ferrite tubes, and automatically
molded polypropylene trimmer bases with mating
1-64 internal threads.

The cup-core asseniblies have freq. of 1kc to
1.5Mc; Q to 800; and gapped inductances of 40 to
1000 mh/1000 turns.

Fine-tuning of cup-core inductor is provided by
injection - molded polypropylene - ferrite trimmer.

ELECTRONIC INDUSTRIES -+ December 1963
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Actual Size

NEW 1/6-SIZE CRYSTAL CASE RELAYS

MODELS 900 (SPDT) and 901 (DPDT)
Meets requirements of MIL-R-5757D
Self-mounting to printed circuit boards
0.1" grid spaced terminals

Balanced rotary type armature

Positive contact wiping action

High-temp. coil wire rated +220°C

Large coil provides greater coil power

All welded rigid frame construction

Corrosion resistant throughout

Size: .500"L x .230"W x.430"H

Weight: 0.15 ounce

Coil rating: 6, 12, 26.5, 48, 76 VDC (others available)

Contact arrangement: Form C

Contact rated load: low level dry circuit to
1.0 amp resistive at 26.5 VDC

Contact life: 100,000 operations at rated load

Terminals: 114" or 14" leads, or solder hook

Vibration: 0.1" D.A. or 20G peak, 10 to 2000 c.p.s.

Shock: 50G for 11 milliseconds

Temperature: —65° C to 125° C

Produced with meticulous care under white roon:

conditions and rigid quality control procedures

These relays are reliable! They are constructed of precision made parts to
exacting tolerances for uniformity of production, and provide consistent,
dependable performance. Available from factory shelf stock and from
stock in our Los Angeles and New York offices. Ordering references

for 1/6-Size Crystal Case Relays with 114" leads, 26.5 VDC coil rating:
Model 900-Catalog No. 90030301; Model 901—Catalog No. 90130301.
For technical information call Aerospace Products, or write for

Bulletins 1076 (Model 900) and 1077 (Model 901). Telephone: 242-5000,
Area Code 412. TWX 412-642-4097, TELEX 086748.

wWwRABCO
UNION SWITCH & SIGNAL DIVISION
W PITTSBURGH 18, PA./ Westinghouse Air Brake Company
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: ARTIFICIAL NEURONS—

FOR MACHINES
THAT LEARN

\ The study of neurons is being pushed,
/ SYNAPSE not only to learn more about animal behavior,
but to enable us to build mach nes
\ that can “learn’ and ‘‘think."”
This article gives a concise description
\," of neurons and how they work, and how
\ these can be duplicated in electronic devices.

AXON

> CELL BODY NERVE FIBER

% \::77_ (soma) (AXON)
72 4/

>~ / OUTPUT

INPUT

Fig. 1: Sketch depicts the more important elements of an associative neuron, Future “learning” machines will be based on meuron principles.

Fig. 2: The essential parts of the associative neuron shown above are being simulated by this circuitry to develop better ‘‘learning” machines.

EXCITATORY
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EXCITATORY
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———

ADJUSTABLE tHResHoLo | | PuLsE
WEIGHTING INTEGRATOR DETECTOR AMPUIFIER

INHIBITORY
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MEMORY INVERTER ©
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LiviNG orGANIsMs have evolved to their present
state by a continuing process of trial and error. Most
of the mechanisms by which they process informa-
tion are reasonably efficient, dependable, and eco-
nomical. Thus, nature offers a source of schemes
which will meet today’s demand for sophisticated,
“intelligent” machines.

Scientists are studying these mechanisms for the
purpose of applying the observed schemes to elec-
tronic systems. This area of study—variously called
bionics, artificial intelligence, learning machines, and
cybernetics—is attempting to fill the need for ma-
chines that will be faster, more efficient, and more
economical. The new machines must also have a
degree of intelligence that will free the human oper-
ator from many of his routine tasks.

* * *

Borrowing an Idea

The nerve cell, or neuron, is the building block of
animal behavior. Neurons are involved in sensation,
perception, thinking, memory, and control of motor
activity. Why not, then, use neuron-like elements
(analogs) to do some of the work in engineered
systems? This approach is meeting with success, and
systems are being built which use neuron analogs to
recognize characters, speech, targets, and other pat-
terns. At the same time, many investigators hope
that by building and studying models of neurons,
they can gain new insights into the actual mecha-
nisms by which real neurons work.

In endeavoring to simulate neurons, the purposes
of such a project must be defined, taking into account
the costs in labor, time, materials, and complexity.
These costs depend upon the number and nature of
properties to be retained in the model. Some reasons
for building neuron analogs are:

1. To realize designs for reliable, sophisticated,
and simple schemes for use in target detection and
recoguition, image processing, signal detection, char-
acter recognition, photo - interpretation, and other
areas of information processing.

2. To realize designs for efficient computing cir-
cuits (e.g., threshold and majority logic circuits,
adaptive decision circuits) and develop revolutionary
methods for computing data processing, and stor-
age. Many secrets for such techniques lie in the
greatest neuron net of all—the human brain.

3. Along with the realization of new and worth-
while engineering techniques, studies of the behavior

By HOWARD MORAFF,
Gonoral

Electric Co.
Advanced Electronics Center
Ithacs, New York

ELECTRONIC INDUSTRIES -+ December 1963

of networks of interconnected neuron analogs (i.e,
neuron nets) may produce concepts and hypotheses
concerning the behavior of biological neuron nets.

For studying biological mechanisms, the model
must be as realistic and accurate as possible. Some
level of functional abstraction is needed; the level
depends, of course, on practicality—equipment, con-
venience, and the available money and labor. Any-
thing omitted from the model itself must be accounted
for in theorizing. For engineering uses, only one or
a few of the features peculiar to neurons may be of
interest ; replication of structure or even of detailed
function is not important.

The airplane is a good example of a machine which
borrows a biological principle—the wing—but the
airplane wing is rigid and does not flap like that of a
bird. In like manner, computer engineers have bor-
rowed an idea from nature and developed neuron-
like computing circuits. These use threshold logic
to perform the usual computing functions. For ex-
ample, if a circuit has 5 inputs, two of these may
have to be active to trigger activity in the circuit.
Threshold logic is an important property found in
neurons, and has wide application in computing and
pattern recognition.

Kinds of Neurons

Biological neurons may be divided into 3 basic
groups for convenience: (1) sensory neurons, (2)
associative, logical, or data processing neurons; and
(3) motor neurons. The sensory neurons are acti-
vated by receptors which receive input stimuli from
the environment in the form of light, heat, chemical or
mechanical energy. They convert this energy into elec-
trical impulses (or action potentials as they are known
to electro-physiologists) and deliver these impulses
to associative neurons. The impulses bear information
(in their temporal and spatial distribution) as to
stimulus intensity, duration and repetition pattern,
and in particular cases, such special characteristics
as sound pitch or light hue. Some coding of infor-
mation often occurs in these sensory neurons.

The largest part of the processing and storage of
information is handled by the associative neurons.
These are responsible for the generation and control
of all conscious behavior, for reasoning, thought.
awareness, memory and emotion. (The brain con-
sists mainly of very large numbers of associative
neurons together with their life-support system.)
The decisions and intent of the associative neurons
are expressed by the transmission of action potentials
among the associative neurons and from them to the
motor neurons. The motor neurons respond to im-
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ARTIFICIAL NEURON (Continued)

pulses from the associative neurons by causing muscle
contractions and glandular secretions, the sole and
universal means whereby we express ourselves to one
another and to our environment.

The “Thinking Man's’’ Neuron

The associative neuron is shown in Fig. 1. This
neuron consists, typically, of a cell body to which are
attached many branching fibers called dendrites.
These receive input impulses from other neurons,
and a fiber, the axon, which also branches and carries
output pulses to the dendrites or cell bodies of other
neurons. The point of connection between two
neurons is called a synapse. The most important
properties of associative neurons are:

1. A threshold of input electrical energy needed
to trigger a response. This threshold may or may
not be variable. Input is derived from response of
other sensory or associative neurons.

2. Production of an electrical impulse of fixed
dimensions and shape when the input threshold is
exceeded. The pulse width is typically 0.5 to 2 msec.
and amplitude 50 to 150 mv. These parameters nor-
mally are constant for a particular neuron.

3. A delay in transmission of impulses along the
fiber, which depends mainly upon the length and
diameter of the fiber. Thus a fixed delay occurs
hetween arrival of an input impulse at a specific con-

EXCITATORY
INPUTS

INHIBITORY
INPUTS
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nection or synapse, and arrival of the corresponding
output impulse at the next neuron.

4. Ability to combine the effects of several simul-
taneous inputs from different sources, or of several
inputs occurring in close time proximity, whereby
such inputs which may not individually be able to
trigger a response can do so in concert. Summation
of the effects of simultaneous inputs from multiple
sources is called spatial summation, while summation
of effects over time is called temporal summation.
The time constant for temporal summation is around
4 msec. Neurons typically have a large number of
input connections.

5. An input may have an excitatory effect on the
neuron, whereby the neuron is encouraged to fire
(i.e., produce an action potential), or the input may
have an inhibitory effect, whereby the tendency to
fire is reduced.

6. After firing, a neuron is initially incapable of
being triggered again. This condition is known as
absolute refractory period, and normally lasts about
a millisecond. Following this, the neuron returns
gradually to its normal state of excitability. This
period]of subnormal sensitivity is called the relative
refractory period, and lasts around 100 msec.

7. Some associative neurons, when stimulated with
a constant input frequency, respond with an initially
high rate of impulses which decreases with time.
This is called adaptation or fatigue. Neurons can
also acconunodate to a slowly increasing input, with-
out firing at all.

EXCITATORY
OUTPUT

+28v

Rz INHIBITORY
OUTPUT

ELECTRONIC INDUSTRIES + December 1963




8. Many sources have postulated adaptive inter-
connections. That is, impulses transmitted from
one neuron to another across a specific connection
(synapse), increase the conductance of that connec-
tion. No conclusive evidence exists to support this,
but acceptance of some such mechanism is often con-
venient. Learning and adaptation are easiest ex-
plained in this manner.

The Model

An electronic circuit has been developed which has
some of these properties, making it useful for engi-
neering and biological investigations. The circuit has
a threshold which may be adjusted by a variable
resistor or by an applied voltage. The output is a
rectangular pulse of 28 volts amplitude and 200
psec. nominal width. Both spatial and temporal
summation are provided, as well as excitatory and
inhibitory inputs. The neuron circuit generates sepa-
rate excitatory and inhibitory ouputs.* An absolute
refractory period follows production of the output
pulse.

Input connections are fixed, since adaptation here,
although feasible, would be expensive. To compen-
sate for the lack of adaptation in the connections, each
neuron is provided with a network for adaptation of
threshold. This consists of a memory capacitor which
“remembers” previous outputs, and decreases the
threshold in accordance with the amount of past
activity. This mechanism provides a “learning” ca-

. *Biologically, it is likely that excitation and inhibition are the func
tions of two different kinds of neuron. Our simplification is an
i€ conv which should not sacrifice any capabi'ities.

Fig. 3 (left): The
circuitry outlined in
the block diagram of
Fig. 2 is shown here.
It simulates the
tunction of a neuron.

pacity for individual neurons. A network may also
be added to simulate the fatigue described above.

How it Works

Fig. 2 is the basic circuit of the neuron analog.
Inputs are summed and an adjustable weight applied.
Inhibitory inputs act by shunting some of the current
delivered by the excitatory inputs, thereby reducing
the effective stimulation. The adjustment of weight
serves as a threshold control, determining the mini-
mum number of excitatory inputs needed to trigger
(fire) the neuron. The weighted signal is integrated

Fig. 4: A single ret-
inal field is depicted.
The E’s represent
sensory cells and I's
are sensory cells
whose effect is in-
hibitory.

and applied to the threshold detector, which has a
fixed threshold level. When the integrated signal
reaches this threshold level, the detector produces a
pulse of fixed duration and restores the integrator
to its quiescent level.

The detector ouput pulse is amplified to a fixed
amplitude and presented as the excitatory output.
This output is inverted and presented as the inhibi-
tory output and is also applied to the memory circuit
which integrates it. The output level of the memory
circuit is used to control the quiescent level of the
integrator circuit. Thus, neuron responses are effec-
tively fed hack to reduce the threshold of the neuron.

Fig. 3 is a neuron circuit. Inputs are isolated from

LAYER |

RETINAL
FIELDS)

LAYER 2

LAYER 3

LAYER 4

Fig. 5: (right): In
an over-simplified
example, all of the
E's and I's of Fig. 4
would be connected
to a single neuron.

LAYER §

OUTPUT DESCRIBES SPOT MOTION
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ARTIFICIAL NEURONS (Concluded)

each other by means of diodes. A resistor in each
input circuit fixes the relative weights (effectiveness)
of the inputs. Weight of the combined input is con-
trolled by adjusting Ry or V. Capacitor C; inte-
grates the combined input. Unijunction transistor
Q1 serves as a threshold detector. With no input
signal, there is no voltage on C;, and Q1 emitter is
effectively an open circuit. As the integrator level
rises, a voltage level is reached at which the emitter-
to-base 1 junction of Q1 breaks down, discharging
C, and producing a negative pulse at base 2 of QI.
The width of the pulse is determined by R1 and C,,
and its amplitude by R2.

The pulse is coupled through capacitor Cl, to
transistor Q2, which inverts and amplifies it. Q2 is
normally cut off due to the bias network of resistors
R8, R9, and diode D4. The collector of Q2 is thus
normally at ground level. The negative pulse applied
to the base of Q2 is enough to saturate Q2 during
the pulse. This causes the collector of Q2 to rise
to +28 v.

The resulting 28-v. pulse is taken as the excita-
tory output. This pulse is coupled through resistor
R6 to the base of Q3, which is normally biased to
cutoff by resistor R5 and diode D5. Q3 collector
is, therefore, normally at +28 v. Arrival of the
excitatory output pulse at Q3 base saturates the
transistor and brings the collector to ground level
for the duration of this pulse. The resulting negative-
going pulse, with a base line of +28 v., is taken as
the inhibitory output pulse.

The excitatory output pulse is also coupled through
resistor R4 and diode D3 to the memory capacitor
Cu. This capacitor integrates the neuron output,
cffectively serving as a response memory. Its output
is coupled back through resistor R3 and diode D2
to integrating capacitor Cj, where it raises the
quiescent level of the integrating capacitor. This
serves to reduce the amount of input needed to fire
the neuron. Diodes D1, D2, and D3 serve to reduce
greatly the rate of leakage of charge stored on C;
and Cy. Resistor R4 determines the amount of
charge stored from each output pulse, and thus con-
trols the effective “learning rate” of the neuron.

Application: A Moving Target Tracker

Lettvin et al.,! studying the frog’s visual system,
and Hubel and Wiesel,? studying the visual system
of the cat, have found that neurons in the visual

@® A REPRINT of this article is available from
ELECTRONIC INDUSTRIES Reader Service Department
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area of the cortex respond to stimulation of a small.
well-defined region of the retina. The effect is one
of sensitivity to particular image sizes and shapes,
and further, a sensitivity to motion of these images
on the retina.

A model of this system has been developed which,
for example, is capable of detecting light spots mov-
ing about on an artificial retina consisting of photo-
sensitive devices coupled with neuron circuits. An
obvious use is a radar moving-target tracker.

Consider Fig. 4, which depicts a single retinal
field. The E’s represent sensory cells (photo-cells)
which generate a single pulse at the onset of a light
input and which have an excitatory effect on neurons
to which they are connected. The I's represent
sensory cells whose effect is inhibitory. In an over-
simplified example, all of the E’s and I's in a given
retinal field would be connected to a single neuron
(see Fig. 5) having a threshold of somewhat less than
the number of excitatory inputs to it. The totality of
inhibitory connections is represented by a single
connection terminating in a dot. The totality of
excitatory connections is represented by a single con-
nection without a dot. A spot of light which is
roughly the size of the area covered by “E” cells will,
if properly positioned, trigger a response in the corre-
sponding neuron of layer 2. Layer 2, therefore, con-
sists of “light-spot detectors.” This type of arrange-
ment is typical of “property filters,” which abstract
some property from an image, such as size, shape,
or symmetrical appearance. Note that due to the
overlap of adjacent fields, it is impossible for adja-
cent neurons in layer 2 to fire simultaneously.

A third layer of neurons functions only to respond
to consecutive activity in adjacent retinal fields. The
threshold of each neuron in layer 3 is such that a
single input is insufficient to trigger it, but by means
of temporal summation of inputs, consecutive firings
of adjacent neurons in layer 2 will, if the separating
time interval is short enough, trigger a layer 3
neuron. Adjacent layer 3 neurons mutually inhibit
simultaneous firing, which could occur in the pres-
ence of multiple light spots.

Layer 4 neurons extend the detection of consecu-
tive activity to a larger collection of retinal fields.
This is extended still further in subsequent neuron
layers. Although the retinal fields have been de-
picted here as oriented in a straight line path, this
is only schematic. In fact, each neuron in a layer
would normally drive several neurons in the succeed-
ing layer, accounting for several possible paths of
motion. This net, greatly oversimplified, shows some
of the potential abilities of neuron nets to perform
challenging tasks.

ELECTRONIC INDUSTRIES <« December 1963




NEW CIRCUIT DESIGNS are almost never used in final
equipment without first constructing a breadboard.
The reason lies not in any inexactness in the methods
of circuit analysis, but mainly in the lack of com-
plete component specification. For example—in the
case of a bandpass filter, there may be only one or
two characteristics (bandwidth and center frequency)
which show up in the initial block diagram.
Obviously such factors as insertion loss, impedance,
and spurious responses are important, but it is
assumed that they may be dealt with later in the
breadboard by altering circuit gain, circuit imped-
ance, and preselection bandwidths respectively. The
attitude is often one of “Don’t confuse me with
details,” at least until after the initial breadboard has
been completed and evaluated. Unfortunately if there
are a number of incompletely specified components,
the evaluation process may become so tedious that
the entire scheme is rejected as impractical. The pur-
pose here is to bring to mind some of the character-
istics of magnetostrictive filters which may need

specification for successful application.
*  ® %

Fig. 1:

HOW

TO SPECIFY
MAGNETOSTRICTIVE
FILTERS

THE piscussion here will he limited to the simple
type of electro-mechanical filter which uses a small
nickel alloy rod as the mechanically resonant element.
The rod is supported by washers at the nodal points
of motion (Fig. 1). The filters get their name from
the use of the magnetostrictive effect (or its inverse
in the input and output transducers. Since the mag-
netostrictive effect is independent of polarity and is
a function of the magnitude of the applied field, it is
necessary to supply a dc bias field to avoid frequency
doubling and non-linear behavior. The transducer
coils and bias magnets are usually located just out-
side the node washers.

From 100 xc to 300 xc this filter offers smaller
size and lower costs over other filter types having
similar bandwidths. Since the rod length is inversely
proportional to the filter frequency, the rods hecome

By C. W. CARRUTHERS

Filter rod with transducer coils, spring, case and mounting panel with bias magnets is shown in the photograph




too long at audio frequencies. Above 400 kc the rods
are so short that frequency adjustment becomes criti-
cal and feedthrough between input and output in-

creases so that dynamic range suffers. They should
be considered wlenever a Q in the range of 2,000 to
20,000 is needed, and when it is possible to work
at frequencies between 15 xc to 400 xc.

One of the keys to the proper use of the filters is
to be found in the very loose coupling hetween the
rod and the input and/or output coils. This means
that the input and output coils do not generally
change their impedance more than a few percent in
goiug through the resonant frequency. As a result
the filter bandpass is not very sensitive to the asso-
ciated circuitry. (This is at the expense of a rela-
tively high power insertion loss compared to other
filter types).

A second key to application is to realize that this
filter is not a two terminal device. For example—it
may not be used in the simple lattice configurations
of general network theory for passive two terminal
elements.
ous limitation, since the filters are most often used
in large parallel arrays to comb or separate a spec-
trum into several hundred discrete channels. Such
uses point up the main advantages of the filter—the
ease and economy with which its resonant frequency

lHowever, this has not proved to be a seri-

may be adjusted. In fact, the final frequency and
insertiou loss adjustment is usually made after the
final assembly, If desired, small adjustments may be
made at almost any time during operating life.

SPECIFYING FILTERS (Continued)
0 7 ik T ST

Fig. 2: An array of 420 magnetostrictive
filters mounted around a capacitive com-
mutator is used in a spectrum analyzer.

The ease of adjustment follows
from the simplicity of the reso-
nant structure and the equation
that relates the velocity of propa-
gation I/ in a rod, to a stiffness
factor % and a mass or inertial

factor M. - _ g ‘/"X‘ (where K
M

is a constant of proportionality).
At resonance, standing waves
exist and removal of a slight
amount of material from near the
motional anti-node has the effect
of increasing the velocity of prop-
agation and hence, the frequency.
Likewise, removal of material from the vicinity of
the nodes has the effect of reducing the stiffness and

lowering both velocity and frequency.

Definitions

Here we will state a working definition as sub-

paragraph (a) (not always that accepted as standard
by the industry for other types of filters) and follow
with instructions as to typical tolerances and prac-
tical specifications under this definition as subpara-
graph (b).
Resonant Frequency (Center Frequency) : a. May
be defined for a single element (I7ig. 4) as that fre-
quency at which maximum output occurs. Since the
maximunt is quite broad, this leads to some difficulty
in measurement. For composite filters, particularly
dual elements, where dip in response may occur at
the center frequency and when specifying single ele-
ments to tolerances of 5%, it would be best to define
center frequency as the midpoint or arithmetic mean
between the —3 db points. (For a narrow band filter
the arithmetic mean and geometric mean have about
the same value.)

b. Should be specified as a design center value.
A tolerance of £10% of the 3 db bandwidth is stand-
ard, but £3% can usually be furnished at a slightly
higher price. In some instances, where frequency
translation is being used, only the frequency differ-
ence between filter and local oscillator may be im-
portant. In which case the specification might read
“Resonant frequency to be selected by the Vendor.”
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If certain frequencies must be avoided, for example,
harmonics of high level signals in the system, these
frequencies should be specified as, “To be excluded
from the possible range.”

Bandwidth: a. Usually defined as the difference
in the frequencies of the —3 db levels (about the
center frequency) and expressed in crs. In a dual
filter, the —3 db will be chosen with respect to the
level at the center frequency levels (Fig. 5). If some
other measure of bandwidth is used, it should be
clearly emphasized by heavy underlining.

b. Should be specified as a design center value. A
tolerance of *=10% is stundard but *=5% may be
available at a higher price. If the filter is to be used
as an oscillator and no particular bandwidth is de-
sired then state “IFor oscillator use.”
Input and Output Impedances: a. Usually stated
in terins of magnitude alone with the respective trans-
ducer coil untuned. The measurement should be
niade at or near the resonant frequency. Exactly on
resomance there will be a dip in impedance of about
10%. Two or more standard transducer coils are
usually offered and their untuned impedances across
tlie frequency range are tabulated or plotted on data
sheets. Where high impedance sources or loads are
involved, capacitive tuning of the input or output
transducers will increase their impedances by some
5 to 15 times.

Ih. The customer may specify which of these stand-

Fig. 3: Large array contains 160 filters for equaliza-
tion purposes with random noise shake tables. Small
panel contains 5 filters for a missile application.

ard coils are to be used at thie input and output, and
also if capacitive tuning is needed. Such specifica-
tion is not independent of the voltage transfer ratio.
Special coils may be furnished at extra cost, but gen-
erally impedance is not so critical as to preclude the
use of standard coils.

Voltage Transfer Ratio: a. May be defined as the
ratio of the open circuit output voltage to the input
or drive voltage at the resonant or center frequency.
Values normally expressed as 20 logo (V;;') and
labelled in db. (This should not be confus'ed with
the true power insertion loss which is not ordinarily
specified by the customer.)

b. Should be specified as a design center value but

possible range of values is set by the coils. With
standard coils, values as high as +3db may be ob-
tained. Generally the tolerance on the voltage trans-
fer ratio should not be less than 0.5 db. If the sig-
nal source is to be relatively high impedance (com-
pared to the impedance of the input coil), or the load
of relatively low impedance (compared to the output
coil impedance), or if the load contains appreciable
shunt capacitance, then these conditions should be
stated and a voltage transfer ratio mayv be given for
these conditions. In such cases the tolerance applied
should give due consideration to the circuit tolerances.
Power Insertion Loss: This quantity is not ordi-
narily specified by the customer.
Drive Level (Input): a. May be defined as the
value of the ras voltage of a single sinusoidal signal
appearing at the filter input (drive) terminals. For
voltage transfer ratio measurements, the frequency
of the drive signal shall be the resonant or center fre-
quency of the filter. For finding the —3 db points
and/or shape factor, the drive level shall remain con-
stant as the frequency is changed (unless one is simu-
lating the effect of a high impedance source). If a
pulsed wave train or other signals are used, only the
rMS value of that part of the signal which is the filter
bandwidth should be considered as determining the
drive level.

. Should be specified as an rRMs voltage (prefera-
bly 50 mv for standard coils unless actual system use
will deviate considerably from this value.) If the filter
drive is to he subjected to high level signals outside
its pass band, for example, white noise or undesired
side bands ; then the character of these signals should
be specified as fully as possible.

Response Time (Rise Time, Fall Time): a. May
be defined as the time needed for the filter output to
approach within a factor of 1/e of its final output
after a unit change in its input or drive level (Fig. 6).
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SPECIFYING FILTERS (Concluded)
ST TR T S M-

This quantity will be about the same for composite
filters composed of paralleled single elements as for
a single element, except that the shape of the rise
will be different and may show some ripple if the
filters are spaced several bandwidths apart.

. This quantity may be specified in seconds or
milliseconds but not independently of the bandwidth.
The connecting relation between response time At
in seconds and bandwidth Af cycles/second is At =
1 /=Af.

Spurious Mode: a. May be defined as a response,
showing a resonance, at any frequency other than
the main or desired resonance. Spurious modes are
usually widely removed from the resonant frequency
and are usually down by a factor of 20 db or more.
Capacitive tuning of an unloaded output coil will pro-
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vide additional rejection. If arrays are to be built to
cover a range of 20% or more of the resonant fre
quency, then some thought should be given to the
possibility of low level spurious modes.

b. The maximuin acceptable spurious response
level should be specified in db relative to the mamn
response, and as a function of the frequency above
and below the main response.

Phase Angle (Input-Output): This quantity is
not ordinarily specified by the customer. Frequent
checks are made on input and output coils, during
fabrication and assembly to assure uniform lead at-
tachment and color coding, so that the phase angle
will be uniform within nominal limits. If it is desired
that the phase angle be 0° at maximum output this
can usually be attained by capacitive tuning of the
output coil.

Shape Factor: a. Usually defined as the ratio
between the skirt width, at some high attenuation and
the 3 db bandwidth.

b. The ratio should be specified as a fixed num-

ber with tolerances of =10% on the skirt widths and
3 db bandwidth.
Skirt Slope: a. Usually defined as the relative
attenuation in db per octave of bandwidth (measured
at some point well below the -3 db points but weli
above the point where the skirts flatten out). The
value observed usually is a very close approximation
to the ideal for the number of elements in use.

b. The ideal slope is usually specified as 6, 12, 18
or 24 db per octave of bandwidth by specifying the
number of single elements in the composite filter.
(1, 2, 3 or 4.) More than two elements greatly in-
creases the complexity of the adjusting technique.
Ultimate Attenuation: a. May be defined as the
response at a certain stated number of octaves of
bandwidth away from the resonant frequency of a
single element, usually expressed in db relative to
the response at resonance. For composite filters or
arrays, it may be convenient to refer to the response
at a stated number of cps from the upper and lower
frequency —3 db levels.

b. A valid specification of this quantity should

include the specification of shielding, lead dress, and
output load impedance levels.
Peak to Valley Ratio: a. Applied to composite
filters, particularly dual elements where the center
frequency response may be much lower than that
nearby.

b. Should be specified as a maximum acceptable,
expressed in db.

Ripple Factor: a. Applied to composite filters,
particularly large arrays. Usually defined as the
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Fig. 6: Normalized response time of a single element filter,

ratio of maximum to minimum response along the
pass hand of the array and is expressed in db.

b. Should be specified as a.maxinunn ratio accepta-

ble in terms of dh. The nature of the input signals
and the summing network nsed during the test should
also be given.
Environmental Conditions: a. Most of the elec-
trical characteristics of the filters may be measured
and specified under environmental conditions. Some
of these conditions such as shock, vibration, acoustic
noise pick up, and the like are suitable for type or
qualifying tests, but not for 100% production tests.
Changes in resonant frequency, bandwidth and in-
sertion loss may require 100% productien testing at
the end points of the temperature range.

b. Since the actual operations of adjustment are
best carried out in an air-conditioned room at a fixed
temperature of 72°F, the initial specifications should
cover testing at this temperature. These tests should
then be supplemented by specifying the acceptable
excursions in the characteristics at the upper and
lower temperatures. In specifying maximum differ-
ential frequency drifts among filter elements, care
should be taken to specify the critical combinations.
An example might be an oscillator element with
respect to several filter elements. The critical dif-
ferential drifts are not among the filters but between
each filter and oscillator.
tions may make possible the economical achievement
of tighter tolerances where actually required. Care-

Recognition of such rela-
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ful assessment of the actual environmental conditions
when in operating equipment should be made. Speci-
fication of an unnecessary large range will result in
unnecessary expense and delay.

Mounting : a. General practice is to mount up to
ten filters together, using both sides of a single panel
2 in. wide. The panel length varies inversely with
frequency. In some cases it may not be practical to
mount filters of widely different frequencies on the
same panel because of bias magnet spacing problems.
It is important to mount all filters which will be oper-
ating together as a unit, either on an individual panel
or on adjacent panels, so that the same environ:
ment will be experienced by all.

b. Should be specified to indicate which filters are

to be used together circuitwise, allowing the vendor
to group the filters on a panel, or panels to the hest
advantage. If individual mounting panels are desired
for each filter, this should be indicated.
Terminals: a. General practice is to supply com
mon bus connections for one side of the output coils
and to bring the other side to individual terminals.
The drive or input coils may have common bus con-
nections if parallel drive is desired, and terminals if
it is series drive. The use of independent terminal
pairs for each filter will require more panel space
and the use of flying leads without terminals or bus
connections will require a minimum of panel space,

b. The input and output connections should be
specified by calling for the appropriate leads, termi-
nals or common bus connections. If it is desired to
have one side of a coil grounded then this should be
specified, otherwise, all connections will be insulated
from the mounting panel. If specified, a ground
terminal may be supplied with the mounting panel for
grounding the panel where mounting methods do not
provide an adequate ground for shielding purposes.

f==—S5 = —SiSSeses=——gE—=——— - |
FOR MORE INFORMATION . . . on how to specify com-
ponents, see these articles in recent issues of ‘‘Elec-
tronic Industries.”

“Selecting the Right Capacitor,” June, 1962

“*Ordering Mil Spec Components,’” June, 1962
“*Specifying the Fractional Horsepower Motor,"'’ June, 1962
“Potentiometers—Terms & Data,’”” June, 1962

**Magnetic Materials Selection Chart,”" June, 1962
*Specifying DC Electronic Power Supplies,’” October, 1962
“Selecting Coaxial Cable,'” June, 1960

“‘Selecting and Winding Magnet Wire,"" June, 1960
‘‘Guide to RFI Filters,” June, 1960
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1-KW/ft.?

The CAPITRON* power supply packs it in . . .
power to spare in minimum space—500 watts per
half cubic foot . . . a kilowatt per cubic foot . . .
closely regulated and reliable!

This specially designed transistorized computer
power supply goes a long way toward solving pack-
aging density problems in new, miniaturized design
requirements and it's built to go for a long time.

For absolute minimum cube, close regulation to help
maintain computer accuracy . . . for long life and
extreme reliability . . . check these features . . . see
how easily they fit your design plans:

DESIGN FEATURES: e High power in small space
® Protected against short circuits ® Close regulation
over full load range ¢ Integral pancake type fan
cooled ® Output adjustable to +1.5 volts tolerance
® Protected against input overvoltage e Easily
accessible electrical connections e Fast recovery
from load surges over full load range e Remote
sensing to control output at the load e Output volt-

CAPITRON* POWER SUPPLY

age and current can be varied over a range of
2009 within the same size package if output
power is held constant.
PERFORMANCE SPECIFICATIONS:

o Input—95 to 130V AC, 1 g, 60 + 3 cps
¢ Qutputs—

+20 V DC at 10 amperes, 1% Ripple P to P

—20 V DC at 20 amperes, 19% Ripple P to P

+171 V DC at 5 amperes, 5% Ripple P to P
e Regulation—Better than 19 from 0 to 100%
load variation and 95 to 130 V input e Ambient
Temperature—15°C min. to 38°C max. e Size—
75" Hx 715" Wx 14" L e Duty Cycle—Continuous

F s JUTHENE L S ¥ S T _I

i A M P CAP/TRON

I
iricclloR tEa) O SION |
I

:—155 PARK STREET, ELIZABETHTOWN;, PA_I

*Trademark of AMP INCORPORATED

AMP products and engineering assistance are available through subsidiary companles in: Austraiia » Canada » England * France » Holland « ltaly « Japan * Mexico » West Germany
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MANY METHODS OF REDUCING RIPPLE in voltage regu-
lated power supplies of the type shown in I ig. 1 are
available, but most of them require the addition of
expensive components. This article shows how to
obtain an order of magnitude improvement in ripple
by adding only two 14 watt resistors. Briefly, this
method consists of feeding a controlled amount of the
ripple from the output of the power supply to the
input of the regulator amplifier.

* * *

The regulator chosen for discussion is of the type
shown in Fig. 1, capable of delivering 150 ma. at
12 v. All numerical values of ripple given will be for
these load conditions, using full wave rectification
from a 60 cycle power source.

Consider the complete circuit diagram of a simple
regulated power supply shown in Fig. 2. The ripple
characteristics plotted against variations in line volt-
age are shown by the middle curve of I7ig. 3.

Let us now modify the simple regulator shown in
Fig. 1 by removing Cl and adding C2 and R6 as
shown in the color portion of FFig. 1. If R6 is made
large enough, the ripple of the output is found to
decrease appreciably, having a minimum at some
particular value of ac line voltage, as shown in Fig.
4. The null position may be shifted by slightly
changing the value of R6. With the circuit values
shown in Fig. 1, the value used for RO was 120 K
ohms, with C2 heing 25 pf.

The reason for this reduction in ripple is quite
apparent. The ripple signal applied to the hase of T2
through C1 (and/or through the R3-R4 voltage di-
vider) can never be enough to completely cancel the
ripple on the output, since the output ripple is the

By VERNON R.CUNNINGHAM Fig. 1: The regu-

FE AR
Assoc. Engineer lator circuit can be

Apparatus Division fnodlhed as shown
Texas instruments incorporated 1w color to reduce
Dallas, Texas ripple.
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REDUCING RIPPLE
IN REGULATED SUPPLIES

The output ripple

in voltage regulated power supplies

can be reduced in many cases

by the addition of two small resistors

The resistors are used in a feedback circuit
to cancel the ripple.

signal. This is not true however, of the ripple signal
applied through C2-R6. The size of this signal de-
pends mainly on the value of R6, and may be ad-
justed to give (in principle) a complete null for some
value of line voltage. In practice, some phase shift
cxists and the null is not perfect.

Since the cancellation is done by applying an in-
verted signal to the base of T1, we can see that if this
inverted signal becomes too large, the original ripple
of the output will not only be completely suppressed,
but an inverted ripple will be impressed in its place.
This is actually what happens in the graph of Fig. 4,
with the ripple on one side of the null being inverted
with respect to the other side. This effect provides a
convenient way of experimentally determining the
correct value for R6.

To understand the variation in output ripple with
a change in line voltage that is shown in Fig. 4, again
consider the circuit of Fig. 1, this time with Cl re-
moved. Since the ripple drop and voltage drop

AN N
|
6
T 4
| \
I T
R2 R3 Cl 3=
Ri <
<
12vDC
T2
DI R4
-[ RS Y
o—- L 4+ ‘\?/\/—v—o+
FEEDBACK
RESISTOR



REDUCING RIPPLE (Concluded)
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Fig. 2 (right): A
simple regulated
power supply is
shown. Color indi-
cates a change to
reduce ripple out-

Fig. 3 (below): Rip-
ple characteristics
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across the collector of T1 are a function of each other,
we see that the larger the voltage drop is across the
collector of T1, the smaller the output ripple will be,
since the output voltage is held constant. Therefore
an increase in line voltage (and hence an increase in
dc voltage to the regulator) causes a decrease in
ripple. This ripple is applied to the base of T2 through
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Fig. 4: The ripple output of Fig. 1 (modified) is plotted.

the divider R3-R4. If we now add C2-R6, we have
two ripple signals applied to T2, one of constant mag-
nitude and one whose magnitude depends on the
line voltage. The effect shown in Fig. 4 therefore
results.

Several micthods of coupling the supply signal to
the base of T2 were tried, and the best results were
obtained with the changes shown in the color portion
of Fig. 2. The ripple of this circuit is plotted in the
lower curve in IYig. 3. It is seen that an improvement
of slightly more than an order of magnitude is ob-
tained in ripple characteristics at the null point over

the circuit shown in Fig. 1. For comparison, the

4

upper curve of Iig. 3 is the ripple characteristics of
the circuit of Fig. 1 with capacitor C1 removed.
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Computer tape is stored

between capstans and reels,

in columns, for quick take-off.

This “slack™ allows the reels time to catch up.
Generally, the level of tape

in these columns is maintained

with a bang-bang servomechanism and a sensor.
That method is a Iittle crude.

The linear sensing method described here

A

MAGNETIC TAPE IS USUALLY STORED ON A REEL, and
is transferred from one reel to another in the course
of reading or writing data. In computer, and other
data-recording mechanisms, the tape has to make very
fast and accurate starts and stops. In these cases the
high-inertia elements should be isolated from the in-
termittent motion. A common method of buffering is
shown in Fig. 1. The relatively large amount of tape
that can be stored between the capstans and reels
allows the tape at the capstan to start and stop very
fast, while the reels follow with lower acceleration
rates.

The position of the tape in the column is usually
maintained by sensing devices. These devices provide
an on-off signal to the servo-mechanism if the tape is
above or below a certain limit. These on-off or relay
type controllers must possess an inactive zone; i.e.,
a range of error within which no correction exists,
unless continuous oscillations of the response at some
amplitude is allowed. In addition, on-off controllers
are discontinuous in their action and hence, the out-
put response is never a smooth function of time.
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For Computers and Automation...

SENSING

AND CONTROL
OF TAPE
SLACK LEVEL

In contrast to the on-off type control, there is the
linear sensing element. This system obviates the dis-
advantages of the “bang-bang” servomechanism. It
provides a continuous correcting signal which is pro-
portional to the tape deviation from a preadjusted
null. Several systems have been developed, but most
of these are delicate and costly in terms of equipment.
They require elaborate electronic circuitry to convert
sensing device outputs to useable signals.

* * *

The simple, low-cost technique shown in Fig. 2
affords a good solution to the problem. The neon
light “S™ provides a light source of constant intensity.
The transmittance of the opaque tape is small, so
that only the source below the tape contributes any
light to the photo-sensing device. Therefore, the
quantity of light incident on the sensor (and hence
the error signal) is a direct and continuous function
of the tape position. The actuating signal is the differ-
ence between the photocell amplifier output E; and
the pre-adjusted null setting E,.

Luminance at Photo-Sensor

The relationship between the luminous flux inci-
dent on the photo-sensor, P, and the tape position
can be obtained as follows. Consider the geometry
of Fig. 3. where the light source is provided by a
narrow slit of width W and length L. The effect of
a differential emitting source of area A4 in the dirce-

tion toward P is: (Continued on page 66)

Fig. 1: Usual buffering has large re-

serves to permit feeding the high-inertia
capstans from slower - moving reels.

TN T T I )
By BRUCE D. JIMERSEN*

Member of Technical Staff
Space Technology Labs, Inc.
Redondo Beach, Calif.

° MR. JIMERSEN was affiliated with Clary Corp., San Gabric,
Calif. when this article was prepared.
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TAPE SLACK LEVEL (Concluded)

SERVO AMPLIFIER
e ——

ACTUATING
SIGNAL
v

PHOTOCELL
E2

SUBTRACTOR

Fig. 2: Functional diagram of the technique to control tape level
with linear sensing. Error signal varies with the tape position.
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Fig. 3 (above): Diagram of the geometry of the control system.
Total luminance at the photocell is calculated from this in the text.

Fig. 4 (below) : A plot of the luminance on the photo-sensor from
various angles shows good linearity for the null position set at 90°.
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Aly = ¢) (A A)cos )
where: A I, is the intensity of the light in a direction making
an angle with the normal to the surface.
B, is the intensity per unit of projected area of source.
The illuminanee at “P” due to the element A A is:
Algcos @
AE = N (2)
where: A E is the differential luminous flux incident per unit
area.
From the geometry of Fig. 3.

Il = X Sce 6 3)
AA=W@y 4)
AY = Xsecto(A6) 5)

Combining Eq. (1) through (5)
(W) X (Be) X (Cos? 0) X (A 6)

X

AE = %)

For the case of a perfectly diffuse substance obeying
Lambert’s Law the luminance “86” is independent
of the angle 0, or is a constant. Therefore the total
luminance at “P” is:

0:
E = —W,B‘/cos2 0d
¥ [}

0 = 90° — B
= K l:() + sin 8 cos 0} (7)

— 0; = constant

A typical plot of the luminance versus the variable
angle, 0;, as determined by Eq. 7 is shown in Fig. 4.
As evidenced by the curve, good linearity can be ob-
tained when the tape is operated with the null position
near p; = 90°. Extension of the linear region Dy
compensation of the source opacity or variation in
slit dimension as a function of length Y is also possi-
ble.

Linearity Discussed

To reduce the effects of ambieut lighting changes,
mount the photocell in some type of enclosure, such
that it is most sensitive to light sources in the X-Y
plane (See Fig. 3). Another solution is to eliminate
background lighting by covering the entire tape col-
umn with an opaque material. This method however,
would prevent the visual observation of the tape posi-
tion by the operator.

In cases where accurate tape positioning is needed,
the dc amplifier may he prohibited. One possible solu-
tion is to use a pulsating light source along with an
ac amplifier and demodulator. This technique might
also be used to reduce the effects of background light-
ing variations as mentioned.

The utility of the system is not restricted to mag-
netic tape units. It is quite conceivable that any of the
techniques might find application in both paper-tape
punching and reading devices.
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TARZIAN
DESIGN

IDEAS

TRY A CONTROLLED A

® As you may know only too well, transient voltages, superimposed on
normal voltages, can cause unexpected field failures of silicon rectifiers. Vari-
ous devices, some quite effective, are used to suppress these transients. How-
ever, the controlled avalanche rectifier contains its own protection, inherent
in the rectifier itself, The CAR cycles in and out of its breakdown (or ava-
lanche) region to the full limit of its thermal capacity to dissipate heat losses,
For example, a unit capable of handling 12 amperes (or 12 watts) in the
forward direction can continually dissipate the same 12 watts in the reverse
direction.

Sarkes Tarzian controlled avalanche rectifiers are made from low resistivity,
low radial gradient silicon with controlled lattice dislocation. In effect, we’ve
packaged zener diode characteristics into a silicon rectifier with much higher
voltage ratings.

The hooker from a manufacturing point of view is that higher operating
and transient voltages demand extremely high surface dielectric conditions.
Breakdown voltages must be channeled through the junction bulk, not across
the surface. Special selection of silicon establishes the path of least resistance,
so that power doesn’t sneak through narrow paths that lie along lattice faults.
Result: Tarzian CARs dissipate, without damage, transient surges that are
many times the steady state voltage and power rating of the rectifier.

Snowed Under by Transients?

CAR

Controlled
Avalanche
Rectifier

CASCR

Controlled
Avalanche
Silicon
Controlled
Rectifier

MIOZ>r»c<

Controlled Avalanche Silicon Controlled Rectifiers. As an extra added attraction, we've extended the
controlled avalanche principle to Tarzian controlled rectifiers —a ““built-in” reliability factor on reverse charac-
teristics. These units are now available in 3 and 5 ampere dc ratings, with peak voltage as high as 500 volts.

Data Available. Send today for complete information on currently available Tarzian 6 and 12 ampere con-
trolled avalanche rectifiers, rated to 600 volts, and on Tarzian controlled avalanche silicon controlled rectifiers,
rated 3 and 5 amperes dc. Guaranteed to give any circuit designer a warm glow.

e
FIG. 1. AVALANCHE TEST CIRCUIT
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SARKES TARZIAN ..

World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast
Equipment « Air Trimmers « FM Radios o Magnetic Recording Tape « Semiconductor Devices

SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA
Canadian Licensee: Marsland Engineering Limited « 350 Weber Street North, Waterloo, Ontario

AT L e - _ 2 ]

Fig. 1. This circuit tests the ability of the
rectifier to operate within ratings in the
avalanche region, The value of R is estab-
lished by maximum steady state wattage
rating of the unit under test. Using a 12
watt unit, Tarzian type ST2A60 rated 12
amperes dc, 600 piv, determination is as

follows: 12
I max = 600 = 20 ma
3000 — 600
R= 02 = 120,000 ohms

Ty = autotransformer; T, = 3KV, 90VA
transformer. Provide adequate cooling to
prevent thermal run-away.

Fig. 2. This circuit tests for transient over-
voltage conditions with steep wave fronts
that provide high electron acceleration.
Currentlimiting is achieved by Ry, selected
for the peak power rating of the unit tested.
Rs = Tarzian type S-5505; Ry-Cy = deter-
minents of proper time constant (RC factor
approximately 1-3 seconds); Ty = auto-
transtormer; Ty = 4KV, 40V A transformer.

S |
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Actual width of record is 6 inches
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.. and this record speaks for itself. It was made by the new

oscillograph Series 2300 . . . a product of Brush’s advanced
recording system design. Its unique optical system produces
these high contrast traces . . . at all writing speeds. An ex-

tremely stable tungsten light source eliminates cluttered
records caused by ultra-violet “‘jitter” or RF interference.
The start-up of this low-cost lamp is virtually instantaneous.
Overall system linearity is better than 2%. Eight record
speeds are controlled by pushbuttons. Paper take-up is built-
in. A complete line of accessories accommodates special re-
quirements. So now, you can record over the whole range of
most-used frequencies with Brush systems incorporating all
the known refinements in oscillography. Write for full details.
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«———Circle 30 on Inquiry Card

The transolver has been used as a phase
converter and as a synchro transmitter,
It has also been used to sum angles,
resolve vectors, and to monitor servo
instrument systems. As its versatility
becomes more widely appreciated, it
will be specified more frequently as
the pick-off associated with sensitive
transducers and central data system

THE ELECTROMAGNETIC SYNCHRO is the most widely
used transducer to convert angular position of a
shaft into, or from, an electrical ac analog. Its evolu-
tion and development has paralleled that of control
technology.

Transmitter, differentials, and control transformers
are described in the synchro family of components
for control systems. Synchro receivers, resolvers and

N

ﬁi“ \

)

Transolvers are avail-
able in the style of
a gyro pick-off and
in standard synchro
frame sizes.

INTRODUCTION
TO THE
SYNCHRO
TRANSOLVER

rotary linear transformers (induction pots) are well
known ; but, the same cannot be said for the synchro
transolver (see photograph). In fact, the most re-
cent government data! on synchros does not mention
transolvers. Nor do two widely approved industry
standards.23

What then are synchro transolvers? \What is their

history and what are the prospects for their future?
* 3 *

By ARNOLD E. HAYES

Clifton Precision Products Co., Inc.
Clifton Heights Pa.




SYNCHRO TRANSOLVER (Continued)

A transolver is defined as any synchro that has a
3-phase, Wye-connected element and a relatively
rotatable 2-phase element (Fig. 1). This definition
cannot be more explicit without contradicting either
of 2 pre-set uses of the word. Clifton Precision used
the name for years in its synchro catalogs to describe
a unit (type CTH-10-AS-12) consisting of a 3-phase
stator and a 2-phase, 3-lead (slip-ring) rotor. In
MIL - H - 27848, “transolver’’ refers to a type
(CDSH-10-AS-4) synchro having a 3-phase rotor
and a 2-phase, 4-wire stator which Clifton Precision
calls a “differential resolver.”> The two styles of
construction, of course, were made to serve some-
what different purposes.

The word transolver has synonyms. The transolver
has been called a resolver differential generator,®
resolver control transformer and a high precision
(TY) Autosyn™ Synchro;® also, a Heading Com-
mand Control Transformer® or a Course Command
Differential Resolver.!® The most historic of names
is “D-Solver,”? which did not carry over to the
literature and catalogs of the early years after WWIIL.

History of the transolver is somewhat obscure. The
best we can do is to track its developments by per
sonal and published knowledge.

Early Devices

Phase Shifters: According to a bona fide ac
count, the war time RadLab of M.I.T. needed a pre:
cision Scott - Transformer to convert symmetrical
3-phase voltages into 2-phase signals for radar scopes.
Magnetic symmetry of the 3 phases in a synchro is
better than that of Scott connected transformers, so
they used a now called “size 15" assembly of a re-
solver rotor and a control transformer stator.!?

It is probable that someone, somewhere, during the
war years inverted the connections to make a 2- to
3-phase converter; and, or also, treated the shaft
angle as an independent variable shifter of the time
phase angle of the output voltages. Transolver con-
cepts were still novel in 1946 for the solution'? to the
phase-converter problem still called for a synchro
transmitter plus a pair of Scott connected trans-
formers (Fig. 2).

An Early Servomechanism: 3¢-2¢ and 3g-4¢ ro-
tary components of a control system were described
by Weathers!* (Fig. 3). For transmitter service, a
ring connected 4-phase, 4-wire stator was excited
bridge fashion, from a single phase power source and
the shaft angle position information was generated in
a 3-phase Wye-connected secondary for transmission
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Fig. 1: There are a
variety of graphical
symbols and diagrams
that are used to rep-
resent 2-phase — 3
phase transolvers.

by wire to the 3-phase primary windings of “re-
ceivers,” which in turn had 2-phase secondaries.

When the 2-phase receiver secondary was short-
circuited, the unit behaved like a synchro receiver
except for a 180° ambiguity. With the 2-phase wind-
ings of the ‘““receivers” respectively connected to the
coils of a differential relay controlling a load posi-
tioning servomotor, we have the essence of a modern
transolver. It was used as a synchro control trans-
formner, except that the effective null was between the
two secondary windings instead of across one wind-
ing. Weathers called the components “self-syn
chronous transmitters and receivers.”

Developments

Three Different Applications: 1. Transolver his-
tory turns in 1951 to the classic problem of error
compensation. The object was to differentially intro-
duce errors equal and opposite to those of the sensor
of an earth inductor compass system; or. the loop
antenna of a radio type direction finder. For this
McCarthy and Thomas'® describe how the ‘“‘con-

Fig. 2: A 3-phase to 2-phase
Scott transformer converts

the 3-wire output of a syn- K-E SING
chro to sine and cosine equiv-
alents prior to transolvers.
SYNCHRO l l
TRANSMITTER ]

AC
VOLTAGE

& K-E COS @

VA
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trollable relationship between transmitter and repeater
units is varied by making the field element of one of
these units with an additional winding, preferably at
right angles to the usual, and supplying this winding
with a voltage variable in a predetermined manner.”
A transolver was used as a synchro transmitter with
line excitation applied to 1 winding of the 2-phase
element and a variable voltage on the other.

2. Vector addition was used in 1955 in non-avionic
or military color comparators. See Fig. 4. The
3-phase element of a size 15 transolver was excited
by 3 voltages with amplitudes representing the blue,
vellow and red content of the test sample.

3. Use of a single transolver as alternately a trans-
mitter (CX) and then as a control transformer (CT)
was reduced to practice in 1957 by the Airborne In-
strument Lab. of the Naval Air Development Center
in Johnsville, Pa. 400 cycle, 26/11.8 v. size 10 tran-
solvers were chosen for an instrument miniaturiza-
tion program of that period. Today, both size 8 and
10 units are used in the same fashion by the aircraft
instruments described by Refs. 4, 9, and 10.

A single synchro to serve as a CX and alternately
as a CT in a closed instrument must be a 2g-3¢
transolver. A 1g-3g control transmitter /transformer
will not do without means of shifting the visual read-
out scales, dials or pointers related to the synchro
shaft by 90° when the operational mode is switched.

Fig. 3: Here is how 2- phase to 3 - phase rotary components
may have been used in an early follow - up control system.

© IN  SELF - SYNCHRONOUS

+ TRANSMITTER A
&l coNTROL S SERVO
3 RECEIVER MOTOR
= S DIFFERENTIAL
B\ L% RELAYS —’@
|
heoooe H
................ .l.p
YT

Fig. 4: To facilitate 3 - phase vector addition, a 4th
wire neutral was added to a standard 3 - phase stator.
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For any chosen electrical angle of the synchro, the
nulled winding of a CT is parallel to the stator field,
while as a CX the rotor winding is perpendicular to
the field. When any transolver is in turn used as a
CX and CT, good practice has the unexcited winding
of the 2-phase element short-circuited when the unit
is serving as a CX, and terminated in the proper
impedance during the CT portion of the duty cycle.
Of course, if space is available, the alternate modes
of operation can be realized by a separate CX and
CT to the delight of the synchro suppliers.

Synchro Servo Monitoring: In 1958, the Eclipse-
Pioneer Div. of Bendix Aviation completed a “Study
of Servo System Failure Warning Devices Pertain-
ing to Remote Aircraft Servoed Instruments.” A
report 18 described the 3g-2g synchro transolver as
follows:

“The control transformer has an extra rotor wind-
ing at right angles to the null controlled winding. In
normal operation this winding is parallel to the flux
field and picks up a constant voltage.”

“Deviation of the output voltage of this extra
winding from its normal output voltage indicates a
fault.”

The monitoring ability of transolvers will be of

future importance since a valuable and practical func-
tion of the winding exists but was not used in the
past with the transolver employed as a normally
operating CT.
The Flux-Valve Transolver: The proper com-
pensation of electric remote reading magnetic com-
pass and heading reference systems led Boose,'® Sea-
man,?® and Whitehead,?! of General Electric Co., to
describe novel methods in 1960. The primary trans-
ducer in these systems is an earth inductor type
transmitter or ‘“flux-valve” that generates 3-phase
second harmonic voltages proportional to the direc-
tion and strength of the horizontal component of the
earth’s magnetic field. The flux valve signals are
usually amplified to precess a directional gyro. Com-
pensation is normally introduced by an adjustable
mechanical cam mechanism.

The transolver became the means of making an
electrical analog of a 3-dimensional adjustable me-
chanical cam compensator. As in the case of the
colorimeter, the 3-phase primary of the transolver is
subject to changing levels of excitation.
Summation of Angles: Miniaturized naviga-
tional computer set AN/ASN-9 has two size 11
transolver in its complement of rotary components.
Alternative synchro systems were considered and
transolvers were chosen for the sake of minimizing
the total number of components. The transolver was
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SYNCHRO TRANSOLVER s(:ontimled:

elegantly used to sum angles in the fashion of synchro
differentials while yielding sine and cosine func-
tional outputs.

Transolver Dither and Applications

Our transolver trail returns in 1961 to self-syn-
chronous, torque type transmitter-receiver systems
and synchro systems with torque differentials. Torque
type synchros have always been susceptible to static
friction counter-torques from bearings and brush
tension, with consequent errors in the read-out dis-
play. It has, therefore, been the custom for torque
receivers to get a mild tapping or vibration hefore
error readings are recorded.

Beach and Hurtt?? have proposed making either
the torque transmitter (TX) or receiver (TR) as a
transolver by adding a second winding in space quad-
rature with the otherwise customary single phase
winding. A dither voltage is then applied to the
auxiliary winding so that the resultant oscillations
mask the friction with the net effect of mechanically
vibrating the instrument. The dither frequency could
be well chosen close to, or the same as, the natural
oscillation frequency governed by the TR rotor polar
moment of inertia and the torque gradient of the syn-
chro system.

It need not be assumed that the 2-phase element of

the transolver is necessarily hi-symmetrical. 2-phase
symmetry is clearly essential to the usage in the
AN/ASN-9 navigational computer. The symmetry is
mere convenience in most other uses. Optimum de-
sign of a transolver to serve as a dithered TR or TX
would have an asymmetric 2-phase rotor with a solid
state microelectronic oscillator built in to the rotor
to overcome the drawback of an extra slip ring. But,
there is little to show that the potential market will
support the cost of trials since bi-symmetrical, tran-
solvers today have a tooling inheritance from other
synchros of the same frame size.
Transolver Torque Receiver: The dither wind-
ing proposed by Hurtt can alternatively be a signal
source when the transolver is used as a self-syn-
chronous torque receiver (Fig. 5). The voltage of the
quadrature winding is a measure of the magnitude
and direction of the error in the angular position of
the synchromotor shaft. It may also be taken as a
measure of the torque exerted hy the synchro against
mechanical loads, which are the main cause of the
synchro error in the first place.

The error detecting ability can be useful to see
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that each of several remotely placed, but parallel
wired synchro “receivers” are singly tracking the
transmitter within fixed operating limits.

Detecting the error and measuring torque of self-
synchronous receivers without using a quadrature
wound transolver is cumbersome. For example,
another way is to employ a 3g-3g synchro differen-
tial with line voltage applied across 2 of the 3 phases
and an auxiliary 2:1 transformer. The third phase
and the transformer secondary are bucked in series
to yield a null for the case of zero torque and zero
error.

é : PHASE

1 REFERENCE
f(©
@ } KE —[! DETECTOR
il el
/ 2¢- 39 \
(-] = FOR TR SERVICE = 6 +€

Fig. 5: The phase and amplitude detector can be placed at
the transmitting station to provide “feedback” on the prop-
er performance of remotely located synchro “receivers.”

Possible Transolver Applications

There are some potential uses for transolvers still

unrecorded in the literature. Three of these are per-
haps worthy of mention here to predict developments
that are apt to occur in a few years.
Error Signal Phase Reference: Let's presume a
need to design a precision instrument servomechan-
ism of the high accuracy positioning type. Suppose
further that the data inputs are synchro style, the
electronics are self contained and the package her-
metically sealed, precluding trim adjustments at the
time of installation. Yet, one installation may have
a short synchro chain (Fig. 6) and the next a longer
chain with correspondingly greater phase shift at the
error signal end of the chain (Fig. 6). The phase
shift also varies significantly over the temperature
range for which accuracy is desired.

A method is to integrate the CT null error signal
and pump a cancelling quadrature voltage into the
servo amplifier, hoping that a proper quadrature
reference can be found. If the transolver is used for
the CT (Fig. 6), the signal given by the extra wind-
ing is robust (rather than a null needing to be inte-
grated), and it is a true in-phase reference voltage
for the synchro chain error signal (except when the
error exceeds 90°). Thus, there is another function
for the transolver signal besides that of failure moni-
toring.

Central Data Systems: The 400-cycle synchros
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and computers of centralized data systems are mostly
“transmitters” with a 11.8 v. line-to-line stator and
large enough to permit operation of at least 3 (at
usually selected for output elements of the sensors
times 4 or 5) external high-impedance (500Q or
higher) control transformers.

It starts out to be a simple synchro system. Then
it “just grows” as new auxiliary equipments come
into being, each demanding accurate (perfect input)
data to be most effective. Or perhaps, a heretofore
successful central data system is chosen for “minor”
change in an airframe whose new mission needs
The transition is
seldom abrupt since one new requirement is added at
a time, and there is always room for one more. Never-
theless, the now not so simple synchro data trans-
mission system suffers from what the electric power
companies call “octopus outlets” and all equipments
suffer from the gradual degradation of the input
data. Growth requirements are usually met by add-
ing a sub-servo synchro signal amplifier.

Despite the higher count of slip-rings, connector-
pins and cabled wires, the central data systems that
judiciously use transolver synchros have fewer prob-
lems of sensor loading, blown fuses and functional
monitoring that go with growth.

accurate data at more stations.

Consider the transolver equipped central data
$ensor or computer.

A. For the originally expected load of available
CT containing equipments, the transolver can he

chosen (or made to order) to appropriately serve as
a CX (Fig. 7).

Fig. 6: The top two drawings indicate errors when different
synchro chains are used. The bottom drawing shows how

a transolver is used in place of the CT for accuracy.
w
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B. At the early stage of growth, a snitably pow-
cred TX is schednled into one (Fig. 7) of the related
equipments and the sensor/transducer /conmputer
positioned transolver is made to serve as a CT plus
as a source of a monitor signal. The latter amounts
to more than a power on-off flag.

C. Then, for “octopus outlet” type growth, the
process is repeated with an even lower impedance
transmitter selected to power the synchro datum
lines being placed in any one of the accessories that
can be either added or changed at minor expense
compared to that of a new central data systen.

Note the integrity of central system data can be
saved and separated from the ills that plague un-
planned complex synchro data sending systems.
Comparators: There are cases when flight safety
dictates the use of two completely independent data
systems in parallel. .\ simple comparator shows that
a disagreement exists between two sets of trans-
mitted data for a referee to be alerted to and leisurely
decide between. Thus, it is a reporter that makes
no decision. For data systems having servo style
indicators, a synchro CT is added to each indicator
to help with the comparator function.

More vital data systems will require data com
parators with specific powers of decision which come
from a well selected logic. They make emergency
switching of controls before reporting the transaction
to humans by flags, lights or horns.

To illustrate, assume the case of a central data
sensor-synchro system so essential that for safety
a stand-by secondary sensor and synchro is required.
There are many assumptions and their combinations.
Space allows but one. so we elect the instance of a
transolver equipped central data sensors (Fig. 8).
The switching transfer of data authority from one
sensor to the other can be made automatic; or, it
may be arranged to simply alert the operator pilot
of a contradiction. This extension of synchro servo
system monitoring with the aid of transolvers can
also be used to verify that the electrical angle posi-
tion data is being properly tracked by the using
equipments. Thus transolvers correctly placed within
the synchro chains of independent sensor and data
using equipments can provide signals useful to flight
safety decision-making comparators.

The applications of 2¢-3¢ synchro transolvers has
been reviewed along with the history dating from
1940. A possible use for which no record was found
is the case of employing transolvers as CT’s in a
2-speed servo system, wherein voltages on the quad-
rature windings are both monitored or used to modify

closed loop characteristics. (Continued)
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Fig. 7a: A simple
synchro sensor sys-
tem.

Fig. 7b: Synchro
system growth with-
out obsoleting the
sensor in 7a.

Fig. 8: Diagram (be
low) does not show
switching logic or
means for transfer-
ing authority of XYZ
datum lines from one
sensor to the other.
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COMPONENTS ENGINEERED FOR SPECIFIC RELIABILITY REQUIREMENTS

ultrekon

*Patent Pending

Unique connector reliability...
Maximum connector versatility

Type 3
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Ultrekon with
Printed Circuit
Board

The ultimate in connector reliability has been achieved with the new
Cinch ULTREKON. This unique connector is designed to meet
rigid military and aerospace reliability requirements. It is equally
useful in computer and other high reliability applications.

The ULTREKON is a connector that combines the advantages
of a plug and socket device with the reliability of a permanent connec-
tion. It provides a basically reliable connection by just mating the
halves. For ultimate reliability, the mated contacts are bonded together
by wire-wrapping or welding. With the contacts bonded, reliability is
of the same order of magnitude as that of an uninterrupted conductor.

The ULTREKON achieves its maximum versatility by serving
first as a conventional connector for test and checkout purposes, and
then after testing, with the leads bonded, as a permanent unit. The
leads may be unbonded later and used again. When welding is used, the
contacts can be clipped and rewelded twice, after the original welding;
with wire-wrapped leads the connector can be reused many times.

The ULTREKON is available in both miniature and subminiature
sizes, with the contact and Icads spaced for welding or wirc-wrapping.
Leads also can be adapted for printed circuit, module or flat cable

Ultrekon with
Flat Cable

connection.
Contacts
Type (Double Row*) Spacing Size
Miniature Type 1 34 .100 2.420" x .750"
Miniature Type 2 18 .200 2.420" x .750"
Subminiature Type 3 34 .050 1.502" x .400" T ite
(exposed view)
Subminiature Type 4 18 .100 1.502" x .400"

*Single row versions also available.

For more information, contact your local Cinch representative
or write direct for Cinch Product Bulletin No. 14-281.

oH-6303 CINCH MANUFACTURING COMPANY

1026 South Homan Avenue, Chicago 24, lilinols

Plants located in Chicago, lllinois; Shelbyvllle, Indiana;
City of Industry, Cal:fornia; and St. Louls, Missouri.

A DIVISION OF UNITED-CARR FASTENER

Circle 31 on Inquiry Card
CORPORATION, BOSTON, MASSACHUSETTS
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THE NUMBER OF HUMAN TRANS-
LATORS available for technical
translations is limited. At the
same time the amount of techni-
cal material coming from abroad
is growing. To take advantage of
the advances that have heen
made in foreign countries, it is
necessary to translate much of
this material. At this time ma-
chine translation appears to be
the answer to the problem.
Several years ago an auto-
matic machine translation system
was developed by IBM for the Air
Force. The system, which was
first shown in May, 1960, trans-
lated Russian into English at a
rate of 1800 words a minute. The
translation was rough but under-
standable and since then the sys-
tem has heen electronically and
linguistically refined.

TECHNICAL
TRANSLATIONS
BY COMPUTER

Memory Disc

We will be concerned here not
with the machine translation sys-
tem itself, but with the heart of
the machine which is a large and
fast photoscopic memory disc. On
this disc are stored coded words
in the language to be translated
with the English equivalents, as
well as syntactical rules. This
memory disc has a coded diction-
ary which is represented by tracks
of black rectangles put on the
disc photographically. The cover
of this month’s issue of ELEC-
TRONIC INDUSTRIES contains an
artist’s conception of these tracks.
The high resolution of photo-
graphic methads allows these pat
terns to he very small. The disc
used in this Russian translation
contains 60 million bits—hinary
digits—with information in a 34

ELECTRONIC

ISTIRIIES)
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Layout of coded information in the photoscopic memory disc.
Annulus width is kept as small as possible for the sake of
rapid access. Film discs are now replacing the glass discs.

HOLE FOR MOUNTING
DISC ON REVOLVING
SHAFT,

864 TRACKS

WIDTH
3/8 INCHES



in. wide path near the outer edge
of the 11-in. diameter disc. These
60 million bits correspond to in-
structions which include Russian
words, their English equivalents
and grammatical information.

As Russian was the first lan-
guage to which IBM Research
concentrated its attention, there
has been enough time to accumu-
late this extensive dictionary total-
ing about 150,000 entries. These
entries, along with grammatical
procedures which have been de-
veloped, have combined to make
it possible to translate random
text in any field. Thus, if an arti-
cle is presented for translation,
the machine will translate it. A
look at Iig. 1 illustrates this.
This figure contains an original
Russian article, a machine trans-
lation of the article, and finally, a
human translation of the same
article. It may be noted that
while the machine translation is
rough—much rougher than the
human translation—it is still un-
derstandable.

Russian Translation

When a Russian word enters
the system for translation, its code
is compared with the coded words
on the disc. This is done by a

Fig. 1: At the top of
the page is an origi-
nal Russian article.
Just below it is a
machine translation
of the article. The
human translation of
the same article is
at the bottom of the
page. Note that
while the machine

HHJIYRTHBHLIE CBOHCTBA CEJIEHOBBIX BBUIPSMUTEJIER

I'' M. Asarvany, H. C. I'punbepe, E. I'. 3ayoavnuxosa,
B. H. Mypuweun

Onucann 2KCmepHMeHTalbHHE HCCHeOBaHMA, NOKa3wBauyie, Y10 ce-
JeHOBHEC BHOpPAMHTeNH IPH AOCTATOYHO GOABMHX CMeMIAIOWMX HAaDpsKe-
HHAX, TIDHAOMKEHHWX B 3aNMOPHOM BampaBienii, o0Aajal0T HHAYKTHBHLIMH
cpoiicTBamu. OlpeeicHH OCHOBHKC XaPAKTCPHCTH K Hab110/1aeMOr0 ABJCHHA.
PeaynbraTht 3KCHEpHMEHTOB COROCTAaBICHN € Teopneit [5].

Mo:xio yKazaTs nemMano paGoT, OTMEHAIOHINX, YTO B FEPMAHHEBRIX M KpeM-
HEEBHX AMOAAX, CMEINCHHBIX B MPAMOM HAllpaBJcHNHN, JIPH BHCOKHAX YDOBHAX
AHBEKIMHM MOABIAAETCA MHAYKTHBHAA COCTARINIONIAA IOJHOTO CONPOTHBICHHSA
{1, 2]. 3Th HccilefiopandA NPOBOAMINCH B OCHOBHOM B HANPAB/ICHHN BHHC-
HEeBHA MeXaHn3Ma MHAYKTHBHOTO 3ddeKTa M ue cTaBian Bonpoca o6 ero npak-
TRYecKOM npuMeHenuu. Tem He MeHee JLIf MNDPOKOTO Pa3BHTHA MHKDOMHHM-
ATIOPHBIX CXeM B jOCJAeBHE FOAN BeJdNCh YCHJIEHHBE NONCKH 1101yNPORBOI-
HHKOBHRX 3JieMeHTOB, o0;afalimux 0oibIod MHIYKTHBHOCTBIO H BHCOKOH

no6pornocThio. Takne NOHCKA, DO-BHAUMOMY, yBenvalauch yenexom. B 1960 r.
Hrmnsasa n Bararabe [3] ouncaIm nHAYKTHBHEI JAoA 113 FepMaHuA, Npea-
CTaBJIAIOmMNI 10AyNpoBoiHBKoBHIT ‘npubop Tuna p'npn*. Beaex sa atum
Ilyaaep u U'epthep (4] coofuyam, uro na Gasc TAKOro JHoja HMH 1odyden
LC-reneparop.

INDUCTIVE PROPERTIES OF SELENIUM RECTIFIERS

G. M. Avak'yants and L S. Grinberg, Ye. G. Zaugol'nikova and V. L Murygin

The report describes experimental investigations showing that with sufficiently large
reverse bias voltages gelenium rectifiers possess inductive properties. The principal
characteristics of the observed phenomenon are determined. The results of experiments
are compared with theory [5).

Numerous works may be cited in which it is noted that in forward-biased germanium and

translation is rough, Silicon diodes at high injection levels there appears an inductive component in impedance

it is still understand-

[1, 2]. These investigations have been performed largely to explain the mechanism of the

able. inductive effect and have not dealt with the problem from the standpoint of its practical applica-
tion. Nevertheless, for the wide development of microminiature circuits in recent years,
intensified research has been conducted in semiconductor elements possessing high inductance

and high Q. Such research has evidently met with much success.

In 1960 Nishizawa and

Watanabe [3] described an inductive diode of germanium which is a semiconductor device of
ppn+ type. Subsequently Schuller and Gartner [4] reported that they had constructed an LC
oscillator on the basis of such a diode.

ELECTRONIC INDUSTRIES -
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CHEMICALLY
ETCHED

Epoxy/Glass
Laminates

Find it hard to believe that
you can get quality chemically
etched epoxy/g!ass laminates
in production quantities? Not
hard for us. We've been doing
it quite a while. But there are
still some doubters.

Chem-Aero produces all
holes, slots and cavity cuts,
chemically, to any size and
shape in epoxy/glass fami-
nates. Takes only one manu-
facturing operation. Resuits
are clean and burr-free. De-
lamination-free too, because
there's no mechanical tooling
Meets exacting tolerances.

That's what is needed isn't
it?

Need proof? Ask us!

CHEMICAL

AEROSPACE
PR[I[IIIBIBTS

17126 S.Broadway Gardena, California

Telephone: (213) FA 1-6343
Circle 32 on Inquiry Card

| TECHNICAL TRANSLATIONS BY COMPUTER
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(Continued from page 77)
pencil beam of light which moves
over the rotating disc. The light
coming through the disc is de-
tected by a photocell, and when
a series of white and black rec-
tangles corresponding to the code
of the incoming word is detected,
the word has been matched in
the dictionary. This causes the
dictionary code for the word to
be transferred into a storage
register. It remains here while
the rest of the words of a com-
plete sentence are detected and
placed in the same register.

U. S. GOVERNMENT
BIGGEST SINGLE BUYER
OF EDP PRODUCTS

The Federal Government
being the largest single pur-
chaser and user of electronic
computers, the U. S. Bureau
of Budget predicts that the
Government will shell out
about 159, more for EDP sys-
tems in fiscal 1964 than for
1963.

This estimate weuld put the
1964 figure at nearly $820
million for buying, renting
equipment, for salaries, up-
keep, installation and sup-
plies.

As 1963 ushers out, there
are about 1,250 computers in
use by the Government. By
the end of 1964, the total of
computers in operation may
rise to nearly 1600. Toward
the end of fiscal 1966, the
Government may be using as
many as 2100 machines or
better.

The average time needed to
find a word on the disc is 1/30
of a sec. Each Russian word
stored in the memory is followed
by its English equivalent. It is
also followed by as much gram-
matical information as can be
ascribed to the individual word
out of context. This information
is transferred into the storage
register along with the word when

| it has been recognized. Thus, the

storage register at this point con-

ELECTRONIC INDUSTRIES -

tains all the words of a Russian
sentence plus a large amount of
information about the possible
grammatical functions of each
word. The machine now analyzes
a sentence with its proper Eng-
lish equivalent, using the infor-
mation contained in word codes
themselves, along with rules con-
cerning the functions of each word
in relation to other words in the
sentence. An example of this is
the way certain prepositions are
translated. One of these can

mean either “with"” or “from”;
another either ““against” or *“con-
cerning,” etc. The choice hetween
alternative meanings is made by
examining the noun or adjective
following the preposition. In
most instances the case of the fol-
lowing word determines the cor-
rect meaning. Many other gram-
matical rules are applied in a
similar manner by the machine.

Using such methods a readable
translation can be produced with
only an occasional ambiguity.
Similar techniques are used in
Chinese translations and can be
used to translate other languages.
Chinese Translation

While on the subject of Chinese,
it might be mentioned that an ex-
perimental system for automatic
machine translation from Chinese
into English has also been dem-
onstrated by IBM. The demon-
stration was made with a limited
vocabulary, but a large Chinese-
English machine dictionary now
in preparation will permit trans-
lations of more extensive Chinese
texts. The success of these en-
deavors serves to demonstrate
the feasibility of automatic ma-
chine translation systems. It ap-
pears that our problems in mak-
ing technical translations have
been resolved. Further refine-
ment should only add icing to
the cake.

December 1963
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 CL34BNLOOMP PR

MIL Size C3

CL34BN200MP3 S
+ OHMITE MIL Size Ca.

 CL34BQ200MPS
* QOHMITE

MIiL Size C5

MIL or commercial-smaller sizes—delivery from
stock—to meet all your needs 1s you've been searching for an

ultra-small hat-shaped wet slug capacitor, you’ve found it in Ohmite’'s exclusive Size Y
shown above. It’s half again smaller than MIL Size T1 (Com’], U). Or if you’ve been look-
ing for extra tiny tantalum wire capacitors for less critical applications, you can stop
because they are to be found in the Series TW above. For your more routine require-
ments, try any Ohmite tantalum capacitor and be surprised by the unusually superior
way it comes through evaluation tests. Wet slug and foil capacitors come in all
MIL-C-3965C (new spec) sizes and meet all requirements. Literally, hundreds of capaci-
tance values in all three types are carried in stock for quick procurement needs. Be
sure your capacitor literature is up to date. Write for the bulletins shown below:

No. 603, Slugs; No. 602, Foil; No. 148K, Wire.
B OHMITE

=@ [ P ‘ﬁ"t

B

== (S ratie MANUFACTURING COMPANY
RHEOSTATS » POWER RESISTORS « PRECISION RESISTORS ¢ VARIABLE TRANSFORMERS 3662 Howard Street, Skokie, lllinois 60076
TANTALUM CAPACITORS « TAP SWITCHES « RELAYS « R.F.CHOKES + SEMICONDUCTOR DIODES Phone: (312) ORchard 5-2600
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How can you make a telephone remem-

ber numbers you often call and then dial
them for you?

Engineers at Bell Telephone Labora-
tories are solving this problem in many
different ways. One solution is the Card-
Dialer telephone shown at the right. Here
the required memory is in the form of
economical plastic cards which fit into a
slot in the telephone.

Each card contains a complete tele-
phone number punched out in a simple
pattern (see upper right). When a card
is inserted in a Card-Dialer telephone, the
recorded number is automatically dialed.
To do this, the telephone senses the code
on the card and generates a corresponding
train of dial pulses. These pulses are then
detected by central office equipment in the
same way as those generated by a regular
telephone dial. Simply by punching out
the necessary holes with a pencil, you
can prepare as many cards as you wish
for both local or Direct Distance Dialing.

no-:

JONES JO#HN
555-2368

L
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ccccececececccecccoo
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a card that
remembers

telephone numbers

and dials them
for you

The new Card-Dialer telephone is now
being manufactured for the Bell System
by the Western Electric Company.

As the card is pushed down, the square holes
engage sprockets which wind a spring. Then,
as the card emerges, it contacts plastic rollers
which detect the round holes and appropri-
ately actuate a pulse generator. The 2-out-
of-7 code is easy to use and does not require
a costly sensing mechanism.

Bell Telephone Laboratories

World center of esmmunications research and development

ELECTRONIC INDUSTRIES
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two new developments in Ohmite “"GPR” relays

The only available 4-pole unit in
this type of relay

For the first time, vou can get the extra circuit-
hendling capability of a 4PDT combination in a
good quality, econcmical, compact relay of this
type. This is made possible by the unique design
of Ohmite GPR releys which locates all rerminals
(including coil terminal) on one panel.

The 4PDT model is currently stocked for inune-
dwte delivery as unenclosed units with 5-amp or
10-amp contacts—regular models, plate circuit
types, and for thyratron (2050, 2D21) plate cir-
cuits. Coil operating voltages range from 6 to 230

VAC and 6 to 110 VDC.
(BULLETIN 707)

New, low cost, plug-in socket

NEW SOGPR-9 SOCKET
MEETS UL TERMINAL
SPACING REQUIREMENTS
FOR 1S5S0 VOLTS

FOR 3PDT MAX

Here's the welcome convenience of a plug-in con-
nection for the Ohmite line of GPR relays. The
SOGPR-9 socket accommodates standard, UL
approved models up to 3PDT—both the unen-
closed and enclosed types.

Firm, snug mounting is assured even under con-
ditions of vibration and shock by means of a hold-
down spring, which can be used at your option,
or as the application demands.

The solder terminals on the new socket are the
Ohmite multi-use type, and will accept AMP110
quick-connect (push-on) connectors. SOGPR-9
sockets are carried in stock for immediate delivery.

(BULLETIN 706)

OHMITE ‘GPR" RELAYS ARE LOADED WITH PROBLEM-SOLVING FEATURES

J‘.lﬂ

ALL ENCLOSEO relays

CHOICE of below- MULTI-USE terminals ALL TERMINALS on one OCTAL PLUG relays up INTEGRALplug-inbase

chassis or above allow soldering, in- panel . .. permitsin. to OPOT have re mount solldlyon base up to OPOT avoids
chassis connecting sertion in printed cir- sertion in printed cir- cessed pin bases . . . .. hot on covers. wirlng between con-
in plastic enclosures. cuit board, and use cuit board. meet UL spacing re- tact terminals and

of AmMpP Style 110 quirements to 150 V. pins

push-on terminals.
Call Your Distributor or Write for Complete Relay Catalog 700

OHMITE

MANUFACTURING COMPANY

3662 Howard Street, Skokle, 1ilinois 60076
Phone: (312) ORchard 5-2600

O~ o8BV

RHEOSTATS » POWER RESISTORS » PRECISION RESISTORS « VARIABLE TRANSFORMERS
TANTALUM CAPACITORS » TAP SWITCHES * RELAYS ¢ R.F.CHOKES » SEMICONOUCTOR OIOOES
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measuring stimulus and reaction on
the same time base

measuring transducer outputs,
such as pressure vs. volume

measuring plots of X-Y curve-tracing presentations

measuring other characteristics
of low-level displays

/ f R \
new Y

The Type 502A

Tektronix oscilloscope | oo oo

100 yv/cm sensitivity

for general-purpose

convenience for a

Wo rk wide range of

waveform-comparison

\ applications.

amplifier features ® 2 |dentical Vertical f Sweep Magnification at 2X, 5X, 10X, or Type 502A Dual-Beam Oscilloscope $1050
Amplifiers with passbands from dc¢ to 50 20X m Single-Sweep Operation for photo r
ke minimum, to 1 Mc maximum m 17 Cali graphing 1gle-shot event

brated Steps of Sensitivity from 100 uv/icm
to 20 vicm = Differential Input at All Sensi-
tivities for eliminating unwanted common

other features & Push-Button Beam Find-
ers for quick location of off-screen signals
= Intensity Balance for identification of

FOR A DEMONSTRATION IN YOUR
OWN APPLICATION, CALL YOUR

mode signa

g 9 upper and lower traces m Electronically TEKTRONIX FIELD ENGINEER
time-base features m 21 Calibrated Sweej Regulated Power Supplies for stable oper

Rates from 1 usec/cm to 5 sec/cm » 4 Steps ation under fluctuating line conditions.

- P. 0. BOX 500 - BEAVERTON. OREGON 97005 / Phone: (Area Code 503) Mitchell 4-0167 - Telex: 036-691 -
Tektr onix, Inc. / rux 503-291-6805 - Cable: TEKTRONIX « OVERSEAS DISTRIBUTORS IN 27 COUNTRIES

Tektronix Field Offices: in principal th nit o ¢ ephone Directory « Teklronix Limited, Guernsey, Channel Islands
Teklronix Canada Ltd.: Mont Qu e Tor (Wi rio « Tektronix Australia Ply. Limited, Sydney, New South Wale

U/ O S s L
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g e AT VAN
here’s a tonal test 3
on an
electronic organ

a In this quality-control procedure at Rodgers Organ
Company, the Type 502A displays waveforms showing
response of various organ stops.

a Each note is generated by a separate oscillator and
then shaped by a tone filter.

a CRT display shows outputs from two of the many tone
filters. Upper trace is the clarinet stop. Lower trace is
the posthorn stop.

Time-base rate is 1 ms/cm. Amplifier sensitivity

is2 mv/cm,

photographed in the Console Test Department at
Rodgers Organ Company, Hilisboro, Oregon.

here’s a
vibration test on
a cantilever beam

a In this environmental procedure at

Tektronix, Inc., the Type 502A displays output
waveforms from two accelerometers.

a For direct comparison, outputs of both
accelerometers were standardized by amplifiers
of the Type 502A.

a CRT display shows excursion of the cantilever
beam and vibration input from the table.

a Upper trace is cantilever-beam response during
vibration. Lower trace is output of vibrator table.
(H. F. components are from bearing noise.)
Time-base rate is 5 ms/cm. Amplifier sensitivity
is 50 mv/cm.

photographed in the Environmental Laboratory at
Tektronix, Inc., Beaverton, Oregon.

® In this research procedure at the University of Oregon Medical
School, the Type 502A displays waveforms from a commercially

I - available pressure transducer and from an implantable muscle-tension
here S a dESIQH teSt model under development.

s For direct comparison, outputs of both transducers mechanically
connected in tandem —were shocked by a lever system.
on two transducers a CRT display shows both outputs simuitaneously.
a Upper trace is developmental transducer output. Lower trace is
commercial transgducer output. Time-base rate is 1 ms/cm. Amplifier
sensitivity is 5 mv/cm.

photographed in the Physiological Department at University of Oregon
Medical School, Portland, Oregon.

e P S & (R B R R Fe e W SR
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We even put a hat on our drum
to avoid contamination

This is only one of the ways we protect
GENESOLV® [ “*Electrenic Grade,” the
purest precision cleaning solvent you
can buy.

We do everything possible to pro-
tect the purity of our precision clean-
ing solvent.

Even to using this film cover to
keep dirt and moisture from settling
on the drum top and possibly con-
taminating the solvent when you
open the drum.

Precautions like this help keep
Genesolv D “Electronic Grade” the
purest solvent available. Residue is
less than 1 part per million.

Genesolv D fluorocarbon solvent
for critical cleaning cuts rejects due
to contamination. I§ penetrates into

4 Circle 36 an Inquiry Card

even the smallest surface openings
for easy, fast cleaning. The solvent
has little or no effect on plastics, elas-
tomers, paints and varnishes. There
are no additives and it’s compatible
with any cleaning method.

It offers an outstanding combina-
tion of dielectric properties, excep-
tionally high resistivity with low
dielectric constant.

Genesolv D “Electronic Grade” is
safer to use than other solvents be-
cause it’s nonflammable, nonex-
plosive and virtually nontoxic.

It’s easy to recover for reuse. This
helps keep your cleaning costs down.
And our technical people will be glad
to advise you on the best recovery
set-up for your particular operation

ELECTRONIC INDUSTRIES -

and on proper equipment and sclvent
storage and handling proceduras.

Genesolv D “Electronic Grade” is
available in non-returnable drums of
65-, 200- and 690-pound capacity,
and in tank trucks of 3800 gallons.

Call on us for answers to any clean-
ing problems you have. Our years of
experience and leadership in supply-
ing high-purity chemicals can help
you,

Hied

hemical

GENERAL CHEMICAL DIVISION
P. O. Box 353, Morristown, N. J.
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ILLUMINATED PUSHBUTTONS

Awailable in SPDT and DPDT contact
arrangements. Lamps rated at 28v. max.

=
o

M " ‘;‘_-JA

The CR103 Type D illuminated push-
buttons and matching indicating lights
are offered with solid, horizontally-split
or vertically-split color fields. The com-
pact units have applications including
business machines, computers, data-han-
dling equipment, instrumentation and con-
trol panels. They are rated 5a. carry, 30a.
make at 125vac; 3a. at 30vdc; 1.la. in-
ductive at 125vdc. General Electric Co.,
901 W. Burlington Ave., Western Springs,
1.

Circle 125 on Inquiry Cord

TIMER KIT

Features 11 different time cycles
ranging from IV sec. to 30 min.

~
g ©

The Model KVC200-1 industrial re-
cycling kit consists of an assembled basic
timer; 4 synchronous timing motors
gear reductions, adjustable cams and 2
SPDT snap-action switches. Cams are
adjusted from 3% to 97% of the total
time cycle to switch current on or off. The
motors operate on 115v., 60 cps; switches
are rated at 15a., non-inductive at 115vac.
Switch cams can he adjusted to give
DPDT switch action. No special tools are
required to change the gear motors. Sup-
plementary expander kit available from
Controls Co. of America, 2001 N. Janice
Ave., Melrose Park, Tll.

Circle 126 on Inquiry Card

ELECTRONIC INDUSTRIES -

WEW PRODUCTS

BAND-REJECT DIPLEXER

Passband, 3mc; passband insertion
loss, 0.35db ; passband vswr 1.25:1.

This easily tunable band-reject diplexer
is for 755-985mc. Capable of being de-
signed for all waveguide bands, the unit
is easily field tuned by plungers that have
factory precalibrated counter settings and
tuning stubs for vswr matching. Operat-
ing freqs. can be changed and reset in
30 min. without losing pressure. Unit
offers 2nd harmonic rejection of 20db
and 3rd harmonic rejection of 10dh. An-
tenna Systems, Inc.,, Grenier Field, Man-
chester, N. H.

Circle 127 on Inquiry Cord

AUTOMATIC CIRCUIT TESTER

Capable of scanning up to 9600
points or wire ends for continuity.

The Programmed Automatic Circuit
Tester (PACT) checks wire ends and
extra wires in a harness or assembly and
prints out errors. Two operating modes
are available. The automatic mode stops
the tester long enough to print out errors.
The manual mode scans until it locates an
error then prints it out and stops. Modular
design permits building in 1200 point in-
crements, to a max. of 9600 points. Select-
able scan limits allow max. use for units
under test smaller than PACT capacity.
These scan limits permit multiple units
to be tested sequentially. General Elec-
tric Co., Schenectady 5, N. Y.

Circle 128 on Inquiry Card
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TANTALUM CAPACITORS
C-iype liquid-clectrolyte
un‘ts feature 85°C capability.

if/
&

These subimniniature, straight-wall ca-
pacitors have liquid clectrolyte and highly
reliable seals. The package is insulated
and the leads can be welded or soldered.
The line includes 4 cases ranging between
0.312 in. long by 0.115 in. dia. to 0.875 in.
long by 0.225 in. dia. There are 28 stand-
ard units with capacitances between 2
and 330uf at 85°C and at working volt-
ages between 6 and 60v. ITT, Div. of
IT&T Corp., 937 Commercial St., Palo
Alto, Calif.

Circle 129 on tnquiry Cord

AIRBORNE PROGRAMMER

Generates selected time outputs in
ranges from lmsec. to 5120 sec.

1

LLECTROMIC PRODUCTS CORP.
238 cEcn avEml
BALYIMORE  MARTLAND RIESS

The Model 1000 solid-state program-
mer generates outputs at times in a bi-
nary-type progression which is referenced
to a particular starting time. The outputs
may be used independently to control
logic functions, or in conjunction with
EPC logic modules to generate pulse out-
puts, time duration outputs, or amplified
programmer outputs. The time-reference
source is derived from either a 60 or 400
CPS power source, or an external oscilla-
tor generating pulse-sine or sq. waves.
Meets Mil-E-5272-C and Mil-R-5257-D
Electronic Products Corp., 2315 Cecil
Ave., Baltimore, Md.

Circle 130 on Inquiry Cord
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OVER 1400 SIZES AND TYPES OF IERC HEAT-
DISSIPATING ELECTRON TUBE SHIELDS

ARE EFFECTIVELY COOLING MILLIONS OF
TUBES, EXTENDING LIFE AND RELIABILITY,

e HWH-L928.180

REDUCING DOWN-TIME AND MAINTENANCE
COSTS IN THOUSANDS OF MILITARY AND

Patented

INDUSTRIAL ELECTRONIC EQUIPMENTS!

! Write today for the facts on how you can improve equipment }
reliability with IERC Meai-Dissipating Tube Snlelds. !

5
IERCEN. .. - >«

International Electronic Research Corporation
135 West Magnolia Boulevard, Burbank, California

ign Manufacturers: Europelec, Paris, France. Garrard Mfg. & Eng. Co., Ltd., Swindon, England

NEW PRODUCTS.

FEETERETE T e e

MULTIMETER

Protects circuil semiconductor com-
ponents from burnout during test.

The Model 250 eliminates the condition
whereby conventional multimeters, espe-
cially on their lower ranges, have the
ability to “turn on” semiconductor de-
vices which, in effect, gives them a re-
sistance of unknown value. Instead of de-
livering currents of 130ma and powers
of approximately 50-60mw on the R X 1
scale, the power output is limited to a
max. of 100w on any resistance range.
American Electronic Laboratories, Inc,
Box 532, Lansdale, Pa.

Circle 131 on Inquiry Card

POTENTIOMETER

Power rating 1> 210, at 40°C
derated to Ow. at 125°C.

The MDU?20-10 is a ! in, 10-turn,
size 20 potentiometer. It weighs S5gm.
The wiper design eliminates all mechani-
cal wiper backlash. Operational temp. is
—55° to +125°C. Stops can withstand
3714 lbs. of static torque. Total resistance
is 2502 to 150KQ. Litton Precision Prod
ucts, div. of Litton Industries, Mt. Ver-
non, N. Y

Circle 132 on Inquiry Card

TEMPERATURE CONTROL

Simple adaptation into process
circuits and OEM applications.

Control action is triggered instantane-
ously at set points, without contacts. The
temp. signal, transmitted directly by the
nocouple without amplification or drift,
is always indicated on the pyrometer dial
even past set points. The control is in-
herently fail-safe in the event of failure
anywhere in the circuitry. Any one of
8 standard temp. ranges may be specified
beginning with 0 to 300°F. Assembly
Products, Inc,, Chesterland, Ohio.

Circle 133 on Inquiry Card
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TRYGON
Half Racks

|
Model Volt | Amps | Regulaton | Ripple ‘ Price

HR20-1. * 720, 215 g 9% fine |0-25 mv| $164

t 4
HR40-750* | 0-40 .‘ 0.0.75] 0.95% lead
.  PE——

0-5A 0-20| 05
HR48-2.5A [0-40) 025 [ 9.01% fine
0.£ mv
HR40-5A | 0-40| 0.5 |0-01% lead} ™=

HR60-2.5A o-e) 025 |

Model HR40-5A *Single Meter Units

ELECTRONIC INDUSTRIES

... the most versatile power supplies going!

In the lab—you’ll find you can't beat a Trygon Half Rack for versa-
tility and low cost! Want constant voltage with adjustable current
limiting? You've got it! Want constant current with adjustable voltage
limiting? You've got it! Want to select voltage and current with a
remote control? You've got this too!

But check the features at the right—and the prices—for yourself,
And remember —every Trygon power supply, large or small, goes
through the same test procedures before shipment. Each is
aged—burned in; each s subjected to stability runs. Each must pass
shock and vibration tests—your assurance of long, trouble free per-
formance along with versatility.

In a system—ycu merely take off the Half Rack dust cover, reverse
it, add an inexpensive Trygon adapter, and you have a unit that
slides right into a rack. What’s more, you
can place two Half Racks in a 19" rack
width, occupying only 5%" of panel height.

For complete specs —on the Half Rack
Series as well as our catalog showing
the complete line of over 100 Trygon
Power Supplies, write to us today.
Address: Dept. EI-6.

Two Trygon HR20-1,5's,
rack-mounted side by side

ELECTRONICS
111 Pleasant Avenue
(516) FReeport 8-2800 TWX (516) 868-7508

December 1963

FEATURES

CONSTANT VOLTAGE OPERATION
with adjustable current limiting.

CONSTANT CURRENT OPERATION
with adjustable voltage limiting.

COMPLETE RANGE REMOTE PRO-
GRAMMING furnishes voltage and
current selection from a remote
control.

REMOTE SENSING provides rated
regulation at the load, available at
both front and rear terminals.

HIGH RESOLUTION for setting cur-
rent and voltage is provided by
coarse and fine adjustments for
both (4 controls).

AUTOMATIC OVERVOLTAGE PRO-
TECTION-Trygon's unique over-
voltage protection is available as
an option.

INC.

Roosevelt, L.1., N.Y.

Circle 38 an Inquiry Card
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THERE IS A

JENNINGS VACUUM CAPACITOR
FOR EVERY HIGH POWER
RF APPLICATION

Jennings has been designing and build-
ing vacuum capacitors for 21 years. In
this time we have designed vacuum ca-
pacitors for hundreds of standard and
special applications. These designs are
now production items—over 450 types.
We can deliver from stock a vacuum ca-
pacitor to solve practically every special-
ized application.

But if a new design is necessary consider
these resources ready to work for you at
Jennings. * 21 years experience design:
ing and building vacuum capacitors.

+ Exclusive processing techniques that
assure superior performance. « Qualified,
experienced engineering staff. « The only
complete rf laboratory in existence for
proper testing of vacuum capacitors in
high power rf circuits through 100 kw
that duplicate actual operating conditions.

Jennings offers a complete line of vacu-
um capacitors for operating in the high
frequency range at voltages up to 120
kv and capacities up to 5000 pf. We will
be happy to send detailed catalog liter-
ature at your request.

@ '
UXCF 500 MMHC 1000 CVHA 650
Capacity Range . 20-500 pf Capacity 1000 pf Capacity Range 30-650 pf
Voltage Rating 20 kv pk Voltage Rating 45 kv pk Voltage Rating 55 kv pk
RF Current Rating . 45 amps rms Current Rating . 150 amps rms Current Rating . 150 amps rms
Length 9% inches Length 13 inches Length 11'%4; Inches
Width 4% inches Width 914 inches Width 7 inches

RELIABILITY MEANS VACUUM/ VACUUM MEANS

Fennings

JENNINGS RAOIO MFG. CORP., 970 McLAUGHLIN AVE., SAN JOSE 8, CALIF., PHONE CYpress 2-4025
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NEW PRODUGTS

CAMERA SYSTEM

Optional data chamber places the sc-
quence data divectly onto the film.

With Type 3003-A (AD) single-frame
Polaroid camera system, test number,

| time, and handwritten data arc always

ELECTRONIC INDUSTRIES -

recorded on the same portion of the film.
The camera portion can be slipped on
and off. The lens, shutter assembly and
the film holder, with the addition of Type
3683 lensette can be used as a regular
camera. A dark slide permits removal of
the Polaroid film holder and substitution
of other types of holders, even though
the original holder is still loaded. Analab
Instrument Corp., 30 Canfield Rd., Cedar
Grove, N. J.
Circle 134 on Inquiry Card

GYRO

Perm. magnet torquers, spin
motor synchronism indicators.

The 121G floated gyro measures 1.2
in. dia. and weighs 6 oz. Both microsyn
and permanent-magnct torquer models
are available, with trimmed drift rates of
less than 0.1°/hr. Both torquer types pro-
vide remote indication of spin motor
operation and synchronism. The perma-
nent-magnet models have 2 independent
coils which may be connected in series or
parallel. Reeves Instrument Co., Garden
City, N. Y.

Circle 135 on Inquiry Card
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: In FIXED COMPOSITION RESISTORS : if it's news, expect it first from IRC

composition slug type A

——————— T ——————————————

composition slug type B

ﬁ%

composition slug type C

—h

IRC COMPOSITION FILM TYPE

a4

IRC Fixed Composition Resistors have a

STRONGER LEAD ASSEMBLY

HERE'S WHY ... IRC’s resistance element is a film of ‘
carbon composition thermally bonded to a glass body. This {

rugged, compact configuration permits 359%, more molding around PERFORMANCE ADVANTAGES
the lead assembly, and a correspondingly thicker molding at the Save — =
ends. IRC’s exclusive talon lead extends farther into the resistor.
Ribbed shoulders are imbedded in the molding to prevent IRC Type GBT'’s also provide
twisting or pull-out. The lead is bonded to the element so strongly, |
IRC resistors are failure-free under MIL-R-11 shock, vibration e Outstanding load life |
and acceleration zests. l e Better resistance-temperature characteristics ‘
In destructive tensile tests, carbon slug types fail at forces o Lower operating temperatures [
averaging 22, 18 and 28 pounds respectively, for brands shown o Greater moisture protection !
in the X-Ray. o Superior high frequency characteristics {
IRC carbon composition resistors withstand forces averag- o Ranges to 100,000 megohms
ing 33 pounds. Even at that force, IRC leads do not pull out . .. o Weldable Jeads

the wire breaks outside the body. Write for GET bulletin.
International Resistance Co., Philadelphia 8, Pa.

ELECTRONIC INDUSTRIES + December 1963 Circle 40 an Inquiry Card 89
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NOW IT’S A FAMILY OF FIFTY-TWO!

EECo’s off-the-shelf G-Series digital circuits with speeds to 10 Mpps

Now there are 52 economical G-Series circuits—52
packaged, proven and guaranteed answers to your
module needs. Because this family is divided into four
compatible frequency sub-groups (10 Mpps, 5 Mpps,
1 Mpps and 100 Kpps), you can get exactly the speed
you want and you pay only for the speed you use. You
also get a simpler system.

G-Series modules are suitable for both synchronous
and non-synchronous use. They feature standard sig-
nal levels and standard input impedances, and offer
you exclusive integral protection against power-supply
shorts. In addition, the cards are keyed for error-free
insertion and are repairable.

Whatever vou need in digital circuits, you'll save time
and money by checking EECo first. EECo offers you
the nation's largest selection of catalogued modules—

ERGINEERED
@ ELECTRONCS

Circle 41 on Inquiry Cord

six complete families, more than 300 module types in
all. And any of these modules that fails to live up com-
pletely to its published specifications will be repaired
or replaced free. Now, more than ever, your widest
and wisest choice is EECo.

SEND

!‘ TODAY
4 FOR
o2 4 FREE
lCATALOG
1 G-53

5 ':J T

ASK FOR FREE
BREADBOARD
DEMONSTRATION

Want to try out your
design ideas on the
EECo high-speedsys-
tem breadboard? Just

' Telephone: 547-5651

write or call us and
ask for a demonstration in your plant.
Borrow the breadboard equipment,
too, if you wish. Under our 5-year-old
loan })lan, you can use it up to 30
days free!

Fifty-six pages packed
with product informa-
tion, schematics, system
design data and appli-
cations information.

ENGINEERED ELECTRONICS Company

1441 East Chestnut Avenue, Santa Ana, California
Cable Address: ENGELEX

ELECTRONIC INDUSTRIES December 1963



specily CLARE
Mercury-Wetted Contact Relays

for billions of operations with

Low and Consistent Contact Resistance « No Contact Bounce
Versatile Load Switching Capabilities « High Power Gain

As integrated pr nted circuit toa-d assembly
with otker circuit companents

In rectangular stzel (or plastic}

enclosure for printed
circuit baard mo.nting

CLARE Mercury-Wetted Contact Relays are fast,
eensitive and provide high switching capacity. They
operate with extreme reliability whether billions of
cycles. ..or only one...are required. Clare provides
both bridging and non-bridging Mercury-Wetted
Contact Relays.

For applications where consistent contact resist-
ance is critical, these relays will hold their original
resistance within +2 milliohms through life. There
is no contact bounce which may be misinterpreted
by electronic circuits.

With CLARE Mercury-Wetted Contact Relays,
the same contacts may pass a microvolt analog sig-
nal...or switch a 250 va tape transport reel motor
up to 100 times a second. These relays can be driven
at a 40 mw level by diode or transistor logic...and
handle a 250 va solenoid load on their contacts.

For wired assemblies: plug-in, solder terminal,
or AN connectors in one to four-pole multiples.
For printed circuit board mounting: modules of
molded plastic or steel znclosures. As integrated

ELECTRONIC INDUSTRIES + December 1963

Y WEnTgs conta

. 1P l

Crcumme & €0 !

(W 400

In cylindrice' stezl encicsure,
for wirec assemblies

printed circuit board assemblies: custom-built
from your circuits or *'black box'’ requirements.

Complete information: Request Design Manual 201B by cir
cling 120 on Reader Service Card o Concise tmformation:
Request Manual 800 by circiing 121 on Reader Service Card.

Address:Group 12D8, C_ P, Clare & Co., 3101 Pratt Boulevard,
Chicago 45, Illinois. Cable Address: CLARELAY. In Canada:
C. P. Clare Canada Ltd., 840 Caledonia Road, Toronto 19, On-
tario. In Europe: C. P. Clase International N.V., 6 Momberstraat,
Tongeren, Limbourg, Belgium.

CLARE

& FRelays and related
confrol components
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Speed Production...Lower Costs!

vih M AMHLIE

AUTOMATIC PRECISION

ASSEMBLY MACHINE

KAHLE service encompasses the complete responsibility for spec-
ial machine projects from design to final testing. KAHLE designs
and builds high efficiency production machines for manufacturers
in electronics, glass and general industry. The machines illustrated

are typical of the thousand§of different types now in use.
“H I

Assembly Machine No.
3383—Automatically makes
the final seal on crystal di-
odes. Capacity 2,200 seals
per hour.

Sealing-Exhaust Machine
No. 2187 — Automatic ma-
chine features 16 positions
for high speed production.

Assembly Machine No.
3711 — Cat-whisker welder
for crystal diode assembly.
Automatically welds 3,000
units per hour.

KAHLE Engineers have the Experience and
Facilities to Solve Your Production Problems!

Call or write KAHLE for recommendations on your specific assem-
bly and production problems. KAHLE automatic high speed, pre-
cision machines are in use by hundreds of leading manufacturers
where they have earned an industry-wide reputation for high
efficiency and dependable performance!

ENGINEERING COMPANY

3320 HUDSON AVENUE, UNION CITY, NEW JERSEY

Telephone: UNion 7-6500 (Area Code 201)
DESIGNERS & BUILDERS OF AUTOMATIC MACHINES FOR HIGH SPEED, PRECISION PRODUCTION

92 Circle 42 on Inquiry Cord
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NEW PRODUCTS

INVERTER

Converts ac to de. Low harmonmic
content and stable voltage ouiput.

oear

This solid-state inverter is used to
power ac equipment from standby bat
teries or, in conjunction with dc power
supplies, as a freq. changer or a dc-to-dc
converter. It has current limiting and
short-circuit protection. There are no
moving parts. Polarity reversal causes no
\vailable in 60-cycle and 400-
cyvcle units. Inputs from 12 to 125v, and
outputs from 60 to 3000v. Sola Electric
Co., Elk Grove Village, Il

Circle 221 on Inquiry Cord

PC BOARD DRILL

Used where capabilities cannot
support a wmudti-spindle drill.

The single-spindle Uni-Drill has a var-
iable 45,000rpyM spindle mounted beneath
a flat table surface and a positioning sty-
lus over the top. Circuit boards and tem-
plate can be drilled at rates up to 80
strokes/min. All drilled holes match the
template locations within 0.001 in. A
sensing-type stylus triggers the drill
stroke when dropping into a template
hole. Out-of-position drilling and board
movement while drilling are impossible.
The Merlo Co., 5478 Wilshire Blvd,, Los
Angeles 36, Calif.

Circle 222 on Inquiry Cord
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SELECT: Accurately
Known Voltages
From 0.5pv to 1.0 volts

with Type 546-C
Audio-Frequency
Microvolter. .. $180QinU.s.a.

A passive instrument, the Microvolter attenuates audio-
oscillator outputs to produce accurately known voltages. Its
excellent frequency characteristics preserve the purity of
waveform, and its panel meter allows constant monitoring
of voltage level.

The wide range of the Microvolter and its ability to pro-
vide accurately known, extremely small voltages, makes it
ideal for determining the emf generated by microphones,
pickups, and other transducers. As commonly used, the
546-C provides a known voltage equal to that produced by
the transducer as measured on an external amplifier-
indicator (usually a simple, uncalibrated meter).

In addition, this instrument has found wide acceptance for
the measurement of gain and loss in such things as am-
plifiers, transformers, networks, and lines.

Output-Voitage Range: From
0.5 microvolt to 1.0 volt open
circuit, when the input volt-
age is set to the standard-
ized reference value (2.2v).

Input Impedance: Approxi-
mately 600 ohms, substan-
tially independent of output
setting on all but the highest
multiplier position.

Basic accuracy is +3% into
open circuit,

Output Impedance: Approxi-
mately 600 ohms. No correc-
tion of the output voltage is
necessary for load imped-
ances of the order of 100,000
ohms and greater.

Input Requirements: About
2.2 volts across 600 ohms, or
approximately 8 milliwatts.

Dimensions: Width 10, height
7%, depth 6% inches over-
all.

GR Manufactures a complete line of

Audio and Sound Measuring Equipment

o
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MEASURE:
Output Power and Impedance
0.1mw-20 watts; 0.6ato 32Kq

with Type 1840-A Output Power Meter
$210in Us.A.

This is a passive instrument for the measurement of output
power levels and impedances of audio-frequency equipment.
The Type 1840-A presents a constant load to the device
under test. Power is indicated directly on a meter-face in both
watts and decibels/re Imw. The impedance value appears at
that dial setting which yields the maximum power reading
(impedance values are arranged in 48 gquasi-logarithmic
steps).

Its wide power range and quasi-rms meter make the Type
1840-A an ideal instrument for the measurement of power
output of amplifiers, transformers, transducers, networks,
and low-frequency lines.

Power Range: 0.1 milliwatt to
20 watts. Auxiliary db scale
reads from —15 to 443 db
re 1 milliwatt. Basic accuracy
is +1 db from 30c to 10 kc:
does not exceed +1.5 db at
20c and 20 kc.

Impedance Range: 0.6 ohm to
32 kilohms in two ranges;
48 individual impedance set-
tings spaced approximately
3y7 apart.

Waveform Error: True rms in-
dicated despite as much as
20% second and third har-
monics present in the input
signal.

Dimensions: Width 12, height
4, depth 8 inches over-all.
Panel adaptor sets available
for 19-inch relay rack mount-
ing (panel height3%inches).

Write for complete information

GENERAL RADIO COMPANY

IN CANADA: Toronto 247-2171, Montreal (Mt Royal) 737-3673
IN EUROPE: General Radio Overseas, 2urich, Switzerland

WEST CONCORD, MASSACHUSETTS

NEW YDRK, N. Y., 964.2722
( Ridgefieid, N. J.) 943-3140

CHICAGO

(0ak Park) 848-9400

PHILADELPHIA, 424-7419
(Abington) 887-8486

WASHINGTON, 0.C.
(Rochville, Md.) 946-1600

SYRACUSE

DALLAS
FL 7-4031

SAN FRANCISCO

454.9323 (Los Altos) 948-8233

Circle 43 on Inquiry Card

LOS ANGELES

DRLANDO, FLA.
425-4671

CLEVELAND

469-6201 886-0150



NEW...FOR HIGH ACCURACY NEW PRODUGLS

FREQUENCY CHANGERS

Lightweight static freq
changers rated from lkw-30k.

These units use cyclo-conversion which
allows power from one ac freq. to be con-
verted to another ac freq. without a dc
link. Thus energy storage elements are
eliminated. For example, a Skw unit
weighs only 125 Ibs. and a 30kw unit only
315 1bs. Skw unit is ideal for airborne
uses where a conventional 400cps source
is available and 60crs power is needed.
The units are self-protected against short
circuits. A “try again” circuit allows re-
cycling and restarting in the event of
short time, high-current surges. General
Electric Co., Specialty Control Dept.,
Waynesboro, Va

Circle 136 on Inquiry Card
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DATA LOGGING SYSTEM
SOLID-STATE COUNTERS

Counting rates to 20—S0Mc, read-
out storage for a continuous display.

# 0.01% accuracy resistance measurements with
automatic data logging. ESI’s state-of-the-art Model
242 Kelvin Resistance Measuring System adapted
to supply inputs to automatic data recording devices.
Autorratically records the value of the resistance
being measured either as a deviation from nominal
value in parts per million or as an exact value in
ohms. Dates, control numbers, serial numbers, tem-
perature and similar information may also be pro-
grammed and recorded simultaneously with the
measurement. ideal for use in repeated operational
testing and for the study of environmental effects on
stapnhtyand reliability—provides outstanding time-
saving advantages for incoming and outgoing inspec-
tion, quality control and similar production applica-
tions. Adaptable to any modern decimal unit such as

IBM, Remington-Rand, NCR Friden (as illustrated) | The Model 5242L has a max. counting
and others. Send for Catalog Sheet C-48—or call rate of 20Mc; Model 5244L will count to
collect, 646-4141 area code 503, for technical infor- S0mc. Both counters measure fred, pe-
mation on adaptability to your specific application. riod, multiple period average, ratio, and

multiples of ratio. Readout is an in-line
display of 7 rectangular digital display
tubes, with positioned decimal and illu-
minated units of measure. Rear terminals
provide the digital information in 1-2-2-4
l BCD form (1-2-4-8 available) for record-

DECADE DECADE
VOLTAGE RESISTORS and
DIVIOERS CAPACITORS

cx> - J . . . -
—Svstems | ACteotmis B compuTERS ing or systems applications. Max. sensi-

!
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¢ - o g . 5 tivity for both counters is 0.1v. RMs.
Electro Scientific Industries | j..eipackard Co, 1501 Page Mil

13900 N. W. SCIENCE PARK DRIVE + PORTLAND, OREGON 97229 Rd., Palo Alto, Calif
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Out in Front! New KNOBPOT"® Senior

NUMBER 30— NEW PRODUCT SERIES

Precision Potentiometer with +£0.1% Dial Accuracy

The acclaim and immediate acceptance which greeted Bourns’
original KNOBPOT, a major advance in the state-of-the-art, have
led to the development of a ‘‘Senior’’ version, to provide higher
resistance values and increased accuracy. You can see in the
photo below that this new unit saves you nearly all the back-
panel space consumed by the bulky conventional type. That's
because it's a potentiometer, knob and turns-counting dial all
in one, mounting entirely in front of the panel.

KNOBPOT Sr., Model 3640, a companion unit to the revolu-
tionary Bourns KNOBPOT Model 3500, gives you a bonus in
accuracy, resolution, and power, too. The whole unit... includ-
ing the integral turns-counting dial...is more accurate than
the best competitive potentiometer/dial combination.

In your production, KNOBPOT Sr. pctentiometers sava you time
and trouble. For example, they put an end to do-it-yourself
installation. Phasing is done for you —with extreme accuracy—
at the Bourns plant. No separate dial to attach, no complicated
mounting procedure. Just dréll two holes, put the unit on the
panel and tighten the nut. That’s the whole installation!

Most important of all ‘benefits, however, is the name on the
package! It means that the product has undergone 1009, in-
process and final inspections as well as the double-check of
Bourns Reliability Assurance Program. You can be “out in front"
in more ways than one if you specify the Model 3640, KNOBPOT
Sr. potentiometer. Write today for complete technical data.

Standard Resistances: 5009 to 250K
Dial Accuracy (correlation of dial
reading to voltage output): +0.1% max.
Repeatability (ability to return to a pre-
viously established setting): +0.05%,
Resolution: 0.03 to 0.006%
Power Rating: 2.5 watts at 25°C
Max. Operating Temp.: 125°C
Dimensions (in front of panel): only
114" long x 114” dia.

ONE-HALF ACTUAL SIZE

Photo below compares actual-size KNOBPOT Sr. with a conventional potentiometer and separate dial package.

1 BOURNS

4

BOURNS, INC., TRIMPOT DIVISION

1200 COLUMBIA AVE.. RIVERSIDE. CALIF.

PHONE 6841700 + TWX: 714.-682 D%82
CABLE: BOURNSINCG

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA

ELECTRONIC INDUSTRIES December 1963

Circle 45 on Inquiry Card 95



CONTROLS &

a TIL Serles

TIB Series

INCANDESCENT
INDICATOR

High current problems typical of incandescent famps are solved with TEC-LITE
TiL Series Transistor Controlled Incandescent Lite indicators. You can turn ON
and OFF bright, replaceable incandescent lamps using low level signals present
in computers, industrial control, missile guidance and other solid state systems.
High current lamp supply is confined to the panel area and to the circuitry inside
the indicator. Sensitive logic areas are protected from high current damage
and signal cross talk.

TIB Series Transistor Controlled Button-Lite with replaceable lamp offers
features of TIL Series plus isolated SPST normally open or closed switch rated at
100ma at 120VAC, non-inductive. Life, 2,000,000 operations. This combination
indicator and switch conserves panel space and simplifies design.

TEC-REPs have complete details, or write directly.

e Ten basic models operate from typical signal voltages.

Supply voltage, (+ or —) 6.3, 14 or 28 volts. Other slgnal or supply voltages
available in custom designed models.

e TIL Series, size: 9/16” dia. x 1%" long backpanel.
price: As low as $5.75 each in 100-499 quantities.

e TIB Series, size: 9/16” dia. x 2" long backpanel.
price: As low as $7.15 each in 100-499 quantities.

Signal input Impedance: 1000 ohms, nominal.
e 13 lens colors, four terminal types available.

__‘TJF;LETE

INDICATING DEVICES

Originator of
Transistorized
Indicating Devices

Transistor Electronics Corporation

Box 6191 Minneapolis 24, Minnesota Phone (612) 941-1100
2 YOLTS 3VDC SUPPLY 21SEC PULSE TURNS ON | 2 VOLT BINARY CODED
CONTROL NEON LIGHTS NEON INCANDESCENT INPUT SIGNAL CONTROLS
INDICATOR INDICATOR INDICATOR DIGITAL READOUT
gh
F
MTL Series controls
neor lomp with ‘small | L3, B opy fo- o | T e e lap | trohed By fow level dec
Series combines same neon. Can also be con turns ON with small sig imal or binary signals
functions with isolated trolled by small signals. nal, remains ON when Memory optional. Mounts
SPST switch signal 1s removed. on 1" centers

3,041 499, French Pat. No. 1,291,911, Itafian Pat. No. 647,414 Belgian Pat. No. 604,246
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TEC-LITE Transistonized Indicators are protected by ane or more of the following patents U.S. Pat. Nos. 2,985,874
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NEW PRODUCTS

FLANGELESS RECTIFIERS
la. @ 100°C; flangeless rectifiers
meet Mil-S-19500/1554. (USN).

Types USNIN3189-2191 are rated at
200, 400, and 600v. PRV respectively.
They are capable of withstanding high-
current surges, and have a peak non-re
current surge current rating of 30a. over
lces @ full load of la. @ 100°C. Pack
aged in DO-13 flangeless package. Inter
national Rectifier Co., 233 Kansas St,
El Segundo, Calif.

Circle 138 on Inquiry Card

BANDPASS FILTERS
Freq. range from 50Mmc - IGc.
Bandwidth range is 2.5 {0 25%.

Four models of manually adjustable
bandpass filters have the following freq.
ranges : 50Mc to 125Mc: 125Mc to 250Mc
250Mc to 500Mc; and 300Mc to lgc. In-
sertion loss is 2db at 275% bandwidth;
1db at 4% bandwidth; and is reduced to
only Vdb at max. bandwidth. Filters fea
ture full octave tunability and low VSWR
of 1.5:1. Input and output impedance is
500 with power level up to 5w. Resdel
Engineering Co., 990 S. Fair Oaks Ave.,
Pasadena, Calif.

Circle 139 on Inquiry Card

DC TEST SET

For dielectric strength testing and
insulation lcakage dcterminations.

The Model 5212 Hypot® detects leak-
age currents as low as 0.05xa over 4
ranges: 0-2/0-20 / 0-200 / 0-2000pa, full
scale. Test potentials from 0-10kv. As-
sociated Research, Inc., 3777 W. Belmont
Ave., Chicago, Ill.

Circle 140 on Inquiry Card
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WHY A SQUARE
THAT’S OUT IS “IN”

HOW IEE SQUARED THE CIRCLE
TO GET 4-TIMES BRIGHTNESS
FROM A REAR-PROJECTION
READOUT

We're real big in squares and circles this
year. Bigger yet in getting our popular
Series 10 rear-projection readouts to de-
velop 4-times greater character brightness
than ever before (this with conventional
MS or commercial lamps operated strictly
at rated voltage!). The trick is in the lens.

Above is a horizontal view (actual size)
of the old 12-position lens. The dotted
square inside the circular lens represents
the actual usable area that formerly aver-
aged about 20 foot-lamberts with 6.3 v
lamps (as bright or brighter than competi-
tive devices). To get even greater bright-
ness while using the same lamps at rated
voltage, usable lens area had to be in-
creased. Our problem was limited space.
So we put our theoretical square outside
the circle (shown in red above).

Next, we made the individual lenses
larger to encircle the larger square. Now
we had an overlap problem. This we solved
by squaring the circles to leave off the
unused portions, shown below. It’s a bit un-
conventional, or so our lens-maker tells us.
The results, however, are most rewarding.

The new Series 10 readout now averages
over 75 foot-lamberts of character bright-
ness when used with 6.3 v lamps at rated
voltage. The increased brightness means
visual clarity at wider angles and longer
distances, excellent readability even under
adverse high ambient light conditions.
And, there’s an extra benefit if you're
not overly concerned with all this bright-
ness: operate the IEE readout at reduced
voltage and you’'ll get double brightness
plus 10 times the lamp life (up to 30,000
hours from 6.3 v lamps operated at 5.3 v).

ELECTRONIC INDUSTRIES -

5528 Vineland Avenue, North Hollywood, California =«
Representatives in Principal Cities

December 1963

CUT-AWAY SHOWS HOW NEW
SERIES 10 READOUT OPERATES:

A. STANDARD MS OR COMMERCIAL LAMP

B. SQUARE LIGHT-COLLECTING LENS UTILIZES
APPROX. 100% MORE LIGHT THAN DLD
SYSTEM; TRANSMITS DOUBLE-SIZE CONE
TO CONDENSING LENS

C. DUAL SQUARE-LENS CONDENSERS
PROVIDE GREATER COVERAGE AT LOWER
MAGNIFICATION

D. FILM CONTAINING DISPLAY SYMBOL
(NUMBERS, LETTERS, WORDS,
SYMBOLS, COLORS)

E. PROJECTION LENS

F. NON-GLARE VIEWING SCREEN

G. 4-TIMES BRIGHTER CHARACTER 1-1/16"
HIGH (MAX.)

Of the four 12-position lenses used in the

new readouts, three are of the new square-

lens type (Pat. Pend.). The increased usa-

ble area permits each lens to collect twice

the light and to project the message indi-

cation with half the magnification for-

merly required. These factors produce

4-times the brightness of older units.

DIGITAL INSTRUMENTS BY
ELECTRONIC ASSOCIATES, Inc...
VISUAL TRANSLATION BY IEE

For visual translations, EAI relies on IEE.
That’s why so many EAI digital instru
ments are equipped with our rear-projec-
tion readouts. Where else can you get such
an impressive array of important advan-
tages? Visual clarity, wide-angle readabil-
ity, single-plane display for crispness
(instead of visual hash). Not to mention
display versatility that permits you to
indicate anything. (We mean that quite
literally. Anything you can put on film,
colors included, can be displayed on an
IEE readout.) And, you get 12 message
positions that may be displayed individu-
ally or in combination.

If you'’re in the market for a really good
Remote Visual Display or an exceptional
solid-state DVOM, we hope you look at
the EAI units shown here. While you’re at
it, we hope you’ll notice the excellent vis-
ual translations, too!

EAl SERIES 5620
REMOTE
VISUAL DISPLAY

EAI SERIES 5100
DIGITAL
VOLT-OHMMETER

VERTICAL SCANNING

b

64

BUST- 36 2
WAIST 29.1° 52~
HIP 39"
FEMALE
ACCOMMODATING
95% Of U.S
POPULATION

HUMAN FACTORS:
The scanning male & standing female

As builders of display devices for a variety
of applications, we are extremely inter-
ested in human engineering studies. The
July/August, 1963, issue of Vending Engi-
neer contained drawings by Walter Koch,
Industrial Designer, on which the above
illustrations are based (with permission).

The drawings show one of the basic lim-
itations imposed on vertical display areas
by physical size of people. Studies show
that the effective viewing area of most
people is only about 30% of the total of
most floor-standing vertical displays. We
suspect this data is of interest to readers
outside the vending machine industry
since human engineering deals in one uni-
versal factor: people.

HOW TO INDICATE STATUS
CONVINCINGLY & IN LESS
THAN 5 SQ. IN.

This little box isn’t
quite 216" x 2” yet it
replaces 12 indicator
lights! With it, you
can display the sta-
tus of just about
anything with just
about any combina-
tion of colors, sym-
bols, numbers,
letters, words; up to 12 individual messages
all in a single plane and for as low as 80¢
per indication. If you're interested, it’s
called “Status Indicator”® and we supply
it ready-to-use with message configurations
custom-designed to your requirements.

Your inquiry will bring the comprehensive new “Readout Display Selector Guide” which includes
specifications and other technical information on the entire IEE line of readout devices.

INDUSTRIAL ELECTRONIC ENGINEERS, INC.

Phone: (213) 877-1144 «

TWX: (213) 769-1636
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I, | (1 PRODUCTS

ATTEND the largest CERAMIC MATERIAL
Piezoelectric material has a min. Curie
grx‘ll”]‘:.ll)?‘:u:vnor'd of 180°C; diciectric constant, 3000.
in the field
of electronics i u You k)
-
February 7 through 12, 1964 ff e
. : . ’“ {‘) \b \__,_.“
Paris, Porte de Versailles 1
SALON dia. and 0.500 in. thick, and in tubes up
OF to 3 in. dia. and 4 in. long. Other sizes

and shapes can also be supplied. Elec-
trodes are provided. Freq. constants at

25°C are 85kc-in. radial and 80Kc-in.
thickness. Mechanical Q is 100. Centralab,

| The Electronics Div. of Globe-Union

| [nc, P. O. Box 591, Milwaukee, Wisc.

| Circle 141 on lnquiry Card

INTERNATIONAL ‘ KG-25 is available in discs up to 3 in.
!
l
|
|

COMPONENTS OVEN

For subminiature circuits and
temp. - sensitive components.

Model COMT-175-7 has a temp. sta
bility of 0.2°C at a fixed amb. and will
hold within 3°C through a range of —55
to 10°C below the setting of the oven.
The oven can be set within 3° in a range
of 25 to 100°C. Internal volume of the
oven is approx. ¥ cu. in. Weight is about
2 oz. Bulova Watch Co., Inc, 61-10
Woodside Ave., Woodside 77, N. Y.

Circle 142 on Inquiry Card

WELD TWEEZER
Fires automatically when pre-
selected force exceeded.

All components, tubes and ‘
semiconductors,
test and control
equipment,
audio devices

For full ‘ Model VTA-54 welding handpiece

information makes welds in all types of complex or
and literature | remotely located thin-metal assemblies.

' Weld energies up to 150w.-sec. are deliv-
ered. Features include provision of a vis-
ible force index, and precision steel bear-
ings for non-skid electrode action. Hughes

Aircraft Co., Vacuum Tube Products
| Div., 2020 Short St, Oceanside, Calif.
| Circle 143 on Inquiry Card
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ff you’re interested in “IHTARY'TYPE RELAY
RELIABILITY...
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This Clare Relay Reliability Report

may be different from some other
reports you have seen. For example:

a—This data covers standard, pro-
duction-line relays sampled and
tested on a weekly basis.

b—This Report gives the results of a
formally-defined Quality Assurance
Program, details of which are avail-
able for the asking

€—Datais reported in terms of relay
operations, not contact operations.
Each operation of & dpdt relay re-
quires four contact operations. Relay
operations present the most strin-
gent measurement of reliability.

d—Reliability levels reported above
zre derived by a recognized statis-
tical method which producesreliabil-
ity figures of assured authenticity.
What does this Reliability Report

\
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e
=
—_—c
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ELECTRONIC INDUSTRIES
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2) Reliability level
per 10,000 operations

At 90B Confidence lavel
(1) .158%

(2) 99.8%
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draw your own conclusions!

mean to the user of Military Type
Relays? You’ll draw your own con-
clusions, of course. But here are two
comments which will be important

to you if you're concerned with
reliability:

7—Clare Relay Reliability state-
ments are completely factual—
backed by specific data compiled in
actual, routine tests on standard
Type F Relays.

2_Every Clare Type F Relay—
including those you are now using—

carries the same assurance of qual-
ity and reliability.

Produced on a mature, controlled-
process, large-volume production
line, Clare Military-Type Relays

are available to you at competitive
prices and delivery.

24-page Reliability Manual Now Available

24-Page manual presenting complete test specifications, pro-
cedures, test results for a one-year period, and a statement of
reliability derived from these tests. Explanation of Clare’s con-

tinuous Quality Assurance Program. For free copy, use Reader
Service Number indicated below.

+ December 1963

Pratt Boulevard. Chicago

Clare Type F Relays provide non-

polarized, single side stable, single
coil operation.

Operate times: 3.5 ms nominal, 5.0
ms maximum (including bounce), at
nominal coil power.

Release times: 1.0 ms nominal, 5.0
ms maximum (including bounce),
coil not suppressed.

Sensitivity: Just-operate power 250
mw.

(All ratings at +25°C ambient)

For additional information on Clare Military-Type
Relays, circle Reader Service Number belaw .

or address C. P. Clare & Co., Group 12D7, 3101
tinois 60645

CLARE

Relays and related control components

Circle 49 an Inquiry Card
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three new Keithley
solid state picoammeters

HIGH SPEED
Mocels 417/416

provide a -er-fold increase in speed
of respcnse over other instruments.
Speed i3 ma ntained by the unique
plug-in design which allows the
arplifier input to be located up to
100 feet f-or the instrument chas-
sis. Rise times may be adjusted
with a front panel damping control.
Both models are identical except
th2 417 provides calibrated current
suppression from 104 to 101 am-
pere. Aoplications include use in
mass spectrcmetry, vacuum studies
ard plasma physics studies.

e Ranges: 10 to 3 x 10-% ampere fs

e Accuracy: +2% fs to 10-* ampere
+3% beyond

o Zero Orift: ess than 1% per 8 hours,
with one volt source

e Output: +3 volts for fs meter de-
flection

e Rise Time: 30 milliseconds on 10-"?
ampere range at critical damping

Model 417 High Speed
Picoammeter

Model 416 High Speed
Picoammeter

LOW ZERO DRIFT
Model 409

allows long te-m measurements of
currents as low as 1013 ampzre.
Circuitry is completely solid state,
except for electrometer tube input,
assuring reliability and low power
consumption. Zero check sw tch
permits zeroir g the meter wittout
disturbing the circuit. Applications
include use with photocells, phato-
multipliers, and ion chambers. With
the Model 4103 Electronic Trip, the
409 is excellent for nuclear reactor
control.

e Ranges: 3 x 20" to 10-? ampere fs

e Accuracy: +£2% fs to 10 amrgere;
+3% beyond

e Zero Orift: lessthan 19 per 24 hours,
with one volt source

e Output: +3 volts for fs meter de-
flection

e Rise Time: 1.5 seconds on 10-"?am-
pere range

Model 409 Low Zero Drift
Picoammeter. . . . . . . . $525

Model 4103 Elestronic Trip
(installed)

Send for Engineering Notes on New Picoammeters

OTHER KEITHLEY PICOAMMETERS

Model 410—high sensitlvity, 20 lirrear ranges . . . .
Model 411—exceptional stability, 17 linear ranges. .

NEW PRODUCTS

DIGITAL READOUT

cludes numeral 0-9 and decimal point.

Model 4\ readouts have scissors-type
connector pins allowing them to be
plugged directly into printed-circuit

ards. Unit uses 12 transparent lucite
plates, arranged one behind the other, in
each window. Display symbols on these
plates are lighted by incandescent lamps
which are positioned at the edge of each
plate. Lamp voltages are 6, 14, or 18v.
Normal lamp life is 5000 hrs., but 10,000
or 50,000 hr. lamps are also available.
Non-Linear Systems, Inc, Del Mar,
Calif

Circle 144 on Inquiry Card

OPTICAL CORRELATOR

Ozwer 1000 independent simultaneons
data - processing channels avatlable

With the model C-100 Optical Correla
tor, linear operations such as freq. analy
sis, filtering, auto - correlation, cross
correlation, and a wide variety of
transform-type operations such as con

volution and Fourier can be performed
lnput data are prepared on a photo
graphic film through which a collimated
beam of light is passed. The resulting
light wave is modulated to represent the
single-channel or multi-channel, 1-dimen
sional or 2-dimensional signal. The vary
ing light passes through lenses which
perform the mathematical operations
Conductron Corp., 343 S. Main St.,, Amn
Arbor, Mich.
Circle 145 on Inquiry Card

Mcdel 412—log n amplifier, 6 decade span

Mcdel 413A—log n amplifier, 8 decade span

Mcdel 414—high performance over 17 linear ranges
Mcdels 320A/421—log n period amplifiers

) S

Jdc microvaltmeters « differential voltmeters - wideband voltmeters

KEITHLEY
INSTRUMENTS

12415 Euclid Avenue « Cleveland 6, Ohio

100 Circle 50 on Inquiry Card ELECTRONIC INDUSTRIES -+ December 1963

Circle 51 on Inquiry Card ——3



Why Allen-Bradley hot molding is
s0 important to resistor performance

B First and foremost, Allen-Bradley’s exclusive hot
molding provides a uniformity that cannot be matched
by any other resistors on the market—a fact with which
hundreds of Allen-Bradley customers have become
acquainted through their experience for over 30 years.
Such history of uniformity in physical dimensions and
electrical properties {rom one resistor to the next . . .
from one order to the next . . . has been demonstrated
in the production of more than ten billion resistors.

In addition, with their stable characteristics and con-
servative ratings providing an extra margin of safety, you
can accurately predict long term resistor performance
under various circuit conditions—and at all times be
certain of complete freedom from calastrophic failures.

A unique manufacturing method is the key which

Tvrt TR 1/10 WaATY

MIL Tyre RC O6
g —

i §o s mr— —— —
Tvr( CB 1/4a WarTT MlLTvv( RC 07

Tvre EB-/: WaTr MIL Tvre RC 20

TYreE GB 1| WavY H. MIL Tyre RC 32

Tvyre HB 2 WaTTs S—B. MIL Tyre RC 42

makes all this possible. Allen-Bradley’s hot molding
technique is unlike anything in the industry, because
both the process and the automatic machines — with
built-in precision control —were devcloped and per-
fected by Allen-Bradley. Here, the resistance material,
insulation material, and lead wires are hot molded into
one solid integral structure that’s mechanically strong —
completely free of cracks which might admit moisture.

There are additional reasons why more and more
leading electronic manufacturers are standardizing on
\llen-Bradley hot molded resistors. Complete specifica-
tions are furnished in Technical Bulletin 5050. Please
send for your copy, today: Allen-Bradley Co., 222 W.
Greenfield Ave., Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Ltd., Galt, Ont.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

26+63-E



Hughes assures dependabhility of its Videosonic
Systems with Allen-Bradley Hot Molded Resistors

B Getting production started on complex assembly jobs
produces endless problems incidental to the training to
get the job started . . . the requirements for quality control
. . . the time lost in retraining when production changes
. etc. But, that’s all over now, because of Hughes’
new Videosonic System of colored slides synchronized with
magnetic taped instructions that can guide even the un-
skilled assembler to surprising quality production output.
A variety of Allen-Bradley electronic components find
application in this Videosonic apparatus. Allen-Bradley
Type TR 1/10 watt hot molded resistors are used in quan-
tity, because these hot molded resistors are an assurance
of the high quality and dependability that the Hughes
Aircraft Company demands. As a result of many years

of experience, Hughes is another one of our valued cus-
tomers who has learned that only A-B hot molded resistors
can give their products the reliability that top quality de-
mands, and the uniformity that the most critical operat-
ing conditions must have. With A-B hot molded resistors,
there’s never been a catastrophic failure.

IT you are not already a consistent user of A-B hot
molded resistors, you’ll want more detailed information
about them, and also about other Allen-Bradley quality
electronic components. So, please write for Publication
6024: Allen-Bradley Co., 222 West Greenfield Avenue
Milwaukee 4, Wisconsin.

In Canada: Allen-Bradley Canada Ltd., Galt, Ontario.

Hughes Videosonic System is installed at eye

Tyre TR 1/10 WATT MIL TyreE RZ O6

TYPECB 1/4 WaTT MIL TYrPe RC O7

TYPE EB 1/2 WATT : MIL Type RC 20

TYPE GB | WaATT MIL Ty2e RC 32

MIL Tv=2E RC 42

TYyre HB 2 WATTS

HOT MOLDED FIXED RESISTORS are available in all
standard EIA and MIL-R-11 resistance values and
tolerances.

level, directly in front of the assembler. Color
slides appear on screen at right, while cor- o
responding taped instructions are delivered

simultaneously through earphones (as shown

in photograph above) or with loud speaker. QUALITY ELECTRONIC COMPONENTS

19-63-E
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Cut costs — save valuable
space with these

UB-MINIATURE
.0\, and OB
AIR VARIABLE

BUTTERFLY

.
AN

a-Hole Mounting

< ooy
“LocTab” .

Mounting

Printed Circuit
Mounting

Precision machined for high reliability—exceptional mechanical stability!

¢ HIGH “Q" — GREATER THAN 1500 AT 1 MC! e HIGH TORQUE-TO-MASS RATIO — 2% TO 10 INCH OUNCES!
® LOW TEMPERATURE COEFFICIENT — PLUS 26 + 20 PPM/° C!

Cut costs—improve performance—save valuable
space with these sub-miniature air variable capacitors!
Type “U” requires less than 0.2 square inch for chassis
or panel mounting — Types “UA” and “UB” require
less than 0.23! No special tools required for installation
— slotted rotor shaft accommodates large screwdriver.
Rotors and stators precision machined from one piece
of solid brass — provide outstanding mechanical sta-
bility. Units offer high “Q” (greater than 1500 at 1 mc.),
high torque-to-mass ratio, and low temperature coeffi-
cient — provide absolute freedom from moisture en-

trapment found in trimmer capacitors of the enclosed
or solid dielectric type.

All metal parts are silver-plated — ceramic is
steatite Grade L-4 or better. Exceptionally uniform
delta C and voltage characteristics . . . voltage break-
down ratings available to 1300 volts DC. Single Section
types available in three fast, easy mounting styles: “Loc-
Tab”, Printed Circuit and Two-Hole — Differential and
Butterfly types available only in Printed Circuit mount-
ing styles. Tuner (coil-capacitor) assemblies available
in production quantities to your specifications.

DETAILED COMPONENTS CATALOG AVAILABLE — Write for your free copy today on company letterhead.

ELECTRONIC INDUSTRIES -

December 1963

E.F. JOHNS5ON COMPANY

2803 TENTH AVENUE S. W. . WASECA, MINNESOTA

®
CAPACITORS » TUBE SOCKETS ¢« CONNECTORS ¢ PILOT LIGHTS
INSULATORS « KNOBS AND DIALS « INDUCTORS « HARDWARE

‘ TYPE “M” AND “S"” MINIATURE CAPACITORS — Slightly larger

than the “U" and “UA" Types, still excellent for use in compact
equipmeni. Soldered plate construction, heavily anchored siator
supports, DC-200 treated steatite insulators. Plates are nickel-
plated brass. Available in Single Section, Butterfly, and Ditferen-
tial types with straight, locking and screwdriver shafts. “S” also
available in Dual type.
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Significant improvements in the design and manufacture
of Sylvania counter tubes mean you can now have high
reliability in addition to savings and versatility.
Construction is part of the reason. All Sylvania counter
tubes have a circular wafer header, with leads spaced
around the circumference rather than crowded along a

straight-line, flat pressed stem. This makes possible wider

spacing with no interference of leads with each other. Re-
sult: greater reliability due to a more rigid mount support,
and the ability to withstand a maximum voltage between
electrodes (excluding anode) in excess of 200 volts.

Mew and unique testing procedures (plus 100% testing
to regular specifications) insure that tubes reaching users
are skip-free. Additionally, tighter manufacturing controls

Sylvania takes the skip and

SYLVANIA

MADE IN USA

SYLVANIA

NADE N USA

iy
8353 6476A 6802 6879
4 ke 4 Ke 4 Ke 5 Ke

7 e )
" $9i0
*\ (330
,kl 3 | $ss
. SYLVANIA ;
< :y'g SYLVANIA MADE INUBA
‘ "' ' . MADE INAA ’. ]
8035 6909 6310 7155
50 Ke 100 Ke 200 Ke 100 Ke

FLAT PRESSED STEM VS. WAFER HEADER

Circular wafer hegder,
used in all Sylvania
counter tubes, permits
wider lead spacing.
Result: greater
reliability due to sigid
mount support, h gh
breakdown voltag=.




and a refinement in manufacturing process insure against
sticking. The result is unprecedented uniformity of prod-
uct, and extended life reaching thousands of hours.

Take advantage of the savings and versatility offered by
Sylvania counter tubes. Savings, because little associated
circuitry is needed—these units count and can provide
readout, either visual or elecirical. Versatility, because they

can be used not only for counting but also for subtracting,
adding, frequency dividing, keying, timing, computing,
scaling, coding, modulating, matrixing, indexing, and multi
plexing. All this, with a minimum of associated circuitry.
How can Sylvania counter tubes help you? Contact your
Syivania sales engineer or write to Electronic Tube Division,
Sylvania Electric Products Inc., Box €7, Buffalo, N.Y. 14209.

stick out of counter tubes

application help A

—new brochure details how to
use Sylvania counten tubes.
Contains more than 50 design
circuits, some transistorized,
some devised by use-s.
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HIGH-RELIABILITY RELAY DESIGN
MEETS SEVERE REQUIREMENTS OF
MISSILES AND JET AIRCRAFT

Style 801 Relays were designed for general purpose applications re-
quiring heavy-duty power switching where the aim is for highest relia-
bility rather than extreme miniaturization. Suggested applications
include aircraft and communications equipment. They are small, compact
6-pole double-throw relays with 5-ampere contacts. The two-coil bi-
polar magnetic actuator is coupled with a balanced armature for maxi-
mum immunity to shock, vibration and acceleration. Withstands 50 G
shock, 10 G vibration to 1500 cycles. Rated load: 5 amps resistive at 28
VDC. Contact arrangement: 6 PDT (6 Form C). Size of enclosure:
1.531” max. square X 1.750” max. height.

Meets applicable portions of specifications MIL-R-5757 and MIL-R-
6106, including minimum current.

For additional information, contact:

PriceE ELECTRIC

CORPORATION

323 Church St. ¢ Frederick, Md. » Phone: 301/663-5141 « TWX 301/553-0462
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NEW PRODUCTS

ACTUATORS

}, The 3 x 2% in. unit generates 150

in.-1b. torque at about 7 RPM.

Lk &

This actuator uses controlled elastic
deflection of structural members, and con-
sists of a 3-lobe rolling-planetary wave
generator, a plastic flexspline, and a pre-
cision zinc die-cast circular spline and
housing. Reduction ratio is 450:1. It re:
peatedly withstands full stall torque in
either direction. Harmonic Drive Div,
United Shoe Machinery Corp., Beverly,
Mass.

Circle 146 on Inquiry Card

MAGNETIC-REED SCANNER

Modular construction allows tail-
oring to exact number of points.

The basic design of this system allows
any number of crosspoints to 1000—more
by special design. Sequential scan with
low/hi-point, stop and recycle modes, as
well as random scan of any 10 points,
provides program flexibility. The scanner
has 2 parts: A counting chain composed
of flip-flops, and a matrix driven from
the counting chain through mercury-wet-
ted contact relays. The scanner can be
provided with contact ratings from low
level to 250va, noise interference as low
as Suv and thermal voltage interference
as low as luv. C. P. Clare & Co., 3101
Pratt Blvd.,, Chicago 45, 11l

Circle 147 on Inquiry Card

FILTER CAPACITORS

Short - life units offer 10K hrs. at
98% survival and 44K hrs. at 99%.

These units are designed for dc power
supply filtering, blocking, and by-pass
duty. Ratings for the 10K hr. capacitor
are: voltage range, 7.5kv to 60kv; watt
sec. range, 1040 to 1900; tolerance £10%;
40°C amb. There are 20 ratings for this
line. For hard tube modulator capacitors:
voltage range, 7.5kv to 60kvdc; watt sec.
range, 720 to 1320; tolerance, *£10%;
40°C amb. There are 17 different ratings.
General Electric Co., Schenectady 5, N. Y.

Circle 148 on Inquiry Card
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EYE-CATCHING INDICATOR LIGHTS—designed to meet both military and
industrial-commercial design requirements. Select incandescent or neon, 1, 2,
3 or 4 lamps, and round, square, or rectangular faces in many sizes. We offer
models to mount in single round or rectangular holes, or to matrix-mount.
All colors in indicators, press-to-test, cigital readout, billboard message,
and read-when-lit styles. Even 60,000-hour subminiatures and edge-lit panel
lamps. All indicator lamps and matching lighted pushbutton switches easily
relamp from front of panel. Write for new free Indicator Light Catalog #120. 'l oo s |

CONTROLS cOMPANYE OF AMERICA
CONTROL SWITCH DIVISION

1420 Delmar Drive, Folcroft, Pennsylvania
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- NEW PRODUCTS

CRIMPING TOOL KIT

Contains 1 tool and all position-
ers needed for crimping contacts.

This all-in-one tool kit crimps most
proprietary or military standard contacts.
Each kit contains: 1 MS-3191—a cycle-
controlled crimping tool; a Go and No
Go plug gauge kit; an application chart
and instruction data. Eliminates stocking
and selecting from a large assortment of
tools. Buchanan Electrical Products
Corp., Hillside, N. J

Circle 149 on Inquiry Card

VARGLAS Silicone Rubber
OPTICAL CELL
s L E EVI N G Provides adjustment of optical

elements used in studying lasers.

Varglas Silicone Rubber Sleeving with its space-saving
thin wall construction and precision 1D, is the answer for
insulation in the trend toward miniaturization.

The ultimate in flexibility and dielectric strength, Varglas
retains its protective properties over a wide temperature
range, from minus 70° to plus 400°F. Tough and abrasion-
resistant, this supported silicone rubber sleeving resists de-
terioration and “cut through”; will not crack or craze. Di-
electric protection provided up to 8,000 volts and certified
to meet government specification MIL-I-18057A.

Available in brilliant, non-fading colors for instant, easy
color-coding in a complete range of sizes from .010” to 3"
ID, and obtainable in coils or on spools as well as in in-
dividual 36" lengths. Deliveries made promptly off-the-shelf
or produced on order within one week.

Let Varflex engineers work with you in developing special
types of sleeving and tubing to meet your particular speci- Model ROC-36 is uised for holding and
fications. No obligation

orienting elements up to 2.3 in. in their
major dimension. The cell can be ad-
justed on either the vertical or horizontal
axis over a max. range of 5° and within
10 sec. of arc. It is used in making inter
ferometric evaluation of gas-laser com-
ponents, such as the optical flats for
Brewster-Angel windows and high-reflec
tivity mirrors forming the Fabry-Perot
laser interferometer. General Dynamics
Corp., 1 Rockefeller Plaza, New York 20,
N

Never Satisfied Until You Are
VARFLEX SALES CO., Inc. * 308 N. Jay St., Rome, N. Y. Circle 150 on Inquiry Card
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UL LISTED 15 Amp
19 Series

A CHOICE FOR rowen XA

ROoOwWAn i TAP SWITCH
any application

A complete line of versatile, multiple-pole relays '
and contactors with extreme reliability.

featuring:
Industrial (Nema sizes
0 to 5)
Special (10 to 75 amp)
AC or DC, air-break or
oil-immersed

(Also a full line of over-
load relays & starters.)

write for literature Choice of Terminals ‘’Faston’’ or Solder
2 to 11 Positions

Now a 15 Amp switch

T
HS in 10 Amp-size.
n D w nl ' 2 Write for complete specifications

RoOowAan CONTROLLER CO.

y 543 Hillgrove Avenue
30 Bridge Ave., Red Bank, New Jersey Tl e { " La Grange, lllinois
L) BN Tl /e sz Phone: Area 312 354-1040
Circle 76 on Inquiry Cord

‘'PIONEERS IN MINIATURIZATION"'

Circle 78 on Inquiry Cord
HIGH'PRECISION ? MINIATURE

CIRCUIT BOARD oS N PUSH BUTTON
DRILLING MACHINE < SWITCHES

42'000 , : ‘ For Many Applications
Precision ‘
Holes Per

Hour with
Outstanding

Switches Actual Size

Reliahlllty Miniature
, 4 Sub-Miniature
The Quad-Drill is a four spindle precision circuit ’ Ultra-Miniature
board drilling machine that is used for both long
and short run production. Holes can be produced long Life—to 1 million operations
at the rate of 42,000 per hour while maintaining depending on Series

hole location on each spindle to within .001 inch
of true template position. Has many other
features that will increase production, cut cost

and increase profits on every job. Write for W rite f let ificati
Speciﬁcations today. rite for compiefe specifications

EXCELLON gl, Ll o e
INDUSTRIES /SSITENY  pPhone: Area 312 354-1040

5002 CRENSHAW BLVD./L.A. 43, CAL. '""PIONEERS IN MINIATURIZATION""*
Circle 77 an Inquiry Card Circle 78 on Inquiry Card

Low Contact Resistance—.004 ohms typical
Insulation Resistance—over 50,000 megohms typical
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Model SRO60P2
Size: 3-1/4” x 4” x 5-15/16~

New Programmable Silicon
Transpac® DC Power Modules

0-60 VDC Variable « 200 ma to 8 amp ratings

Programmable over their wide (0 to 60 VDC) range,
ERA's new All-Silicon Transpacs are available in 200 ma,
500 ma, 1, 2, 4 and 8 amp current ratings. These high
stability, 71°C, precision specification, low cost DC mod-
ules are ideally suited for all your power requirements.

SPECIFICATIONS

Input: 105 to 125 VAC, 50-400 cps
Ripple: Less than 800 uv RMS
Line Regulation: Less than *=0.01%

Programming Constant: 500 ohms
per volt

Transient Response: Less than 50

or 5 mv microseconds
Load Regulation: Less than 0.02% Temperature Coefficient: Less than
or 5 mv 0-01%/°C or 3 mv
Programming Range: 0-60 VDC (4 Max. Dperating Temperature: 71°C
sub-ranges) free air, full ratings
MODEL voc CURRENT PRICE
SRO60P2 0-60 0-200 ma $195.
SRO60PS5 0-60 0-500 ma 215.
SR0O601 0-60 0-1 amp 255,
SR0602 0-60 0-2 amps 295.
SRO604 0-60 0-4 amps 395.
SR0O608 0-60 0-8 amps 495.

Check the full range of solid-state
Modules,
Inverters and Frequency
Changers. Send for your ERA catalog

TRANSPAC 0OC Power

Converters,

today!

SUBSIDIARIES: ERA Electric Co. * Advanced Acoustics Co.

110

Circle 56 on Inquiry Card

ERA Oynamics Corp. * ERA Pacific, Inc.

|
l

ELECTRONIC RESEARCH ASSOCIATES, INC.

DEPT.EI12,67 FACTORY PLACE « CEDAR GROVE, N. J. « (201) CEnter 9-3000

ELECTRONIC INDUSTRIES -

NEW PRODUCTS

WELD HEAD

Digital readout allows posi-
tive weld-pressure settings.

The digital dial readout of the Model
1101 welding head insures greater speed
and efficiency in the welded assembly of
high-density packaging, and applications
involving freq. pressure changes. The
readout precludes need for force gage. It
has 240 dial divisions equalling 240 oz.
The unit features fully repeatable, uni-
form accuracy of *2% of full scale, and
head-to-head deviation of *3% of full
scale. Force resetability is #0.5% of full
scale. Weldmatic Div./Unitek, 950 Royal
Oaks Dr., Monrovia, Calif.

Circle 151 on Inquiry Card

SEMICONDUCTOR BASES

Bases for high-power transis-
tors and standard TO types.

These components feature high-strength
compression seals, and all Mil types equal
or exceed government specs. The bases
for high-power transistors include types
CN-1193 and CN-1160 with compression
seals brazed in copper bases. This con-
struction includes TO-3, TO-37, TO-18,
TO-5 and TO-9. The latter three are
available with Dumet leads. Electrical
Industries, 691 Central Ave, Murray
Hill, N. J.

Circle 152 on Inquiry Card

PLASTIC POTENTIOMETERS

Single gang wnits, in any
dia., are under 34 in. long.

Slimline is a complete, standardized
line of linear, single-turn rotary conduc-
tive plastic precision units. The 11/6 anc
13/32 in. dia. units have 1K, SK, 10K
and 20KQ units; 17/16 and 134 in. dia.
units have 1K, 5K, 10K, 20K and S0KQ;
2 in. dia. units have 2K, SK, 10K, 20K
and 50KQ; and 3 in. dia. units have 2K,
10K, 20K, SOK and 100KQ. Markite
Corp., 155 Waverly Place, New York,
N. Y.

Circle 153 on Inquiry Card
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SPECTROL
HIGH RELIABILITY
SQUARE TRIMMERS

FOR
TRANSISTOR CIRCUITS

Model 55 actual size — 15" square

Approved for use in many major military programs,
Spectrol square trimmers answer all MIL-R-27208A
requirements of electrical and environmental perform-
ance for missile applications. Note these feaures:

* Small size (see photo) * humidity proof at no extra
cost ¢ aluminum cases plus unique mandrel design allows
high power ratings with ample safety margins * conven-
tional mounting holes ¢ five mounting configurations —
insulated leads, pins 90° from shaft, pins 180° from
shaft, pins from base, bushing panel mount ¢ dual wiper

MODEL 55=-"%" SQUARE

design for positive contact under severe shock and
vibration.

IMMEDIATE DELIVERY — You can get immediate
off-the-shelf delivery on Models 50 and 55 at factory
prices from Spectrol’s 50 distributors. For additional
details on Spectrol trimmers, as well as on precision
potentiometers and MULTIDIAL® turns-counting dials,
ask your Spectrol representative for complete specifica-
tions or write us directly.

MODEL 50-%" SQUARE

* Power rating 1%2 watts at 70°C ¢ 25 or 42-turn
adjustment ¢ operating temperature range —55°C to
+150°C - resistance range 50 Q to 50 K ¢ Price $6
in 1-9 quantity.

* Power rating 1 watt at 70°C ¢ 25-turn adjustment
* operating temperature range —55°C to +150°C
* resistance range 50 Q to 50 K ¢ Price $7.50 in 1-9
quantity.

ELECTRONICS CORPORATION

1704 South Del Mar Avenue Adams Court P.O. Box 130
San Gabriel Plainview, L. . Brampton
53 California New York Ontario

Circle 57 on Inquiry Card



NEW PRODUCTS

HIGH PERFORMANGE woson
VERNITRON SERVOMOTORS 2

now available from inventory in\{ frame sizes...

%O/m()de'S At the Vernitron Servomotor plont,
2 yé

militory specificotions ore the stort-
ing point in performonce. 'Me=rt or
exceed” is the word of the doy—
every day—for every size ond model
motor.

Modificotions of housing, shoft, wind-
ings, torque ond speed ore regulorly
accommodated to handle speciol re-
quirements. No matter whot your
specific Servomotor needs moy be—
ot Vernitron they ore treoted with the
utmost reqgord, from design to finished
hardwore

Write, wire, phone now for com-
plete price, delivery and specifica-
tion data: ask for the new Vernitron
Catalog.

\¥ s
I TL‘EP&%‘?SL.'" NAME
R ~NI TR ‘ ’ ~NI ON
ch - _. o SERYO COMPONENTS The L3668H S-band electrostatically

) focused klystron has a saturation gain of
FARMINGDALE DIVISION: 68 Gaizo Blvd Farmingdale, N.Y. 1S V=002 35db. Weight is 25 Ibs. Max. efficiency is
TORRANCE DIVISION: 1754 S. Crenshow Blvd., Torrance, Calif. (213) FAirfax 8-2504 48%. The electrostatic fields are gener
TWX: 910-349-6250 ated by non-intercepting lens electrodes

operating at cathode potential. Since the
r-f gaps are ungridded, high values of
average power, gain and efficiency are
achieved. Litton Industries Electron Tube
Div., 960 Industrial Rd., San Carlos,

Calif

Circle 154 on Inquiry Card

PULSE MODULATOR

Handles up to 10kw peak pulse
at duty cycles of 0.002 or less.

20N T T AT B AV
JORRRR RS UTE ol i

A g g - "
SR
A PO > orenm.
- o

' microwave
technology

DESIGN /DEVELOPMENT /QUANTITY MANUFACTURE/VERIFICATION

From the very inception of your “black box” design problem,
right through to final precision production and testing . . . wkatever
you need in microwave component technology. you can rely on us.
20 years of specialist experience is at your service. Our customer
roster makes a Who's Who of the industry.

s

SRTPNEY

The BLP-030B pulse modulator is for
use with beacon-type magnetrons and tri
ode oscillators. Semiconductors are used
exclusively in high and low voltage sup-
pli_es and pulse clipping and trigger cir-

Write for our catalog. Call us for engineering consultatier. cuits. Features include high-voltage over-
=¥ current protection; a solid-state trigger;
PORTCHESTER INSTRUMENT CORP. 114 Wilkins Ave., Port Chester, N. Y. 3 choices of pulse width; 5 output im
Subsu:lary 0:: " CORP. 33 New B Street. Port Ch N Y pedances, and the choice of either polarity
PREMIER MICROWAVE CORP. ew Broad Street, Port Chestzr, N. Y. on the pulse output. Two trigger modes
(914) WEstmore 9-8900 TWX 914-937-5080 are provided. Bomac Div., Varian Asso

Specialists in Microwave Components and Sub-Assemb| es ciates, Salem Rd., Beverly, Mass.

Circle 155 on Inquiry Card
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FACTS MAKE FEATURES

200,000 OHMS PER VOLT D.C. for greater accuracy on high re-
sistance circuits. 20,000 OHMS PER VOLT A.C.

Spa SUSPENSION METER MOVEMENT. No pivots, bearings, hair-
springs, or rolling friction. Extremely RUGGED, Greater sensitivity
and repeatability.

62 Ranges, usable with frequencies through 100 Kc. Temperature
compensated. 1},% D.C. ACCURACY, 39 A.C.

Low voltage ranges and high input impedance make the 630-NS especially usetul in
transistor circuit measurement and testing. Input impedance, at 55 volts D.C. and above,
is higher than most vacuum tube voltmeters.

The unit is designed to withstand overloads and offers greater reading accuracy.
Reads from 0.1ua on 5ua range. Special resistors are rigidly mounted and directly
connected to the switch to form a simplitied unit. Carrying cases with stands are
priced from $9.90.

TRIRLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

630 630-A 630-PL 630-APL 630-L 630-NA 630-NS 630-PLK 630-7

62 RANGES

D.C. VOLTS

AC. VOLTS

DB

D.C. MICRO-

AMPERES

D.C. MILLI-
AMPERES

D.C
AMPERES
OHMS

MEGOHMS

0-0.6-3-12-60-300-

1200 at 100,000 Ohms,/Volt,
0-0.3-1.5-6-30-150-

600 at 200,000 Ohms/Volt.
0-0.150 at 60ua
0-3-12-60-300-1200 at
10,000 Ohms ' Volt.
0-1.5-6-30-150-600 at
20,000 Ohms, Volt.

-20 to 77 in 10 ranges.

" 0-5 at 300 MV.

0-60-600 at 150 MV.
0-120 at 300 MV

0-6-60-600 at 150 MV.
0-1.2-12-120-1200 at 300 MV.
0
0

1
-6 at 150 MV.
12 at 300 MV.

0-1K-10K-100K (4.4-44-440
at center scale)

0-1-10-100 (4400-44,000-
440,000 Ohms center scale)

OUTPUT: Condenser in series with A.C. Volt

ranges.




Circle 60 on Inquiry Card

BUSS
quick-acting

FUSETRON
dual-element fuses
time-delay

Circle 60 on Inquiry Cord

BUSS :the complete line of fuses .

NEW PRODUGTS

SOLID-ELECTROLYTE CAPACITOR

Suited for tnstallation
on printed-wiring boards.

The type 154D molded solid-electrolyte
Tantalex capacitors are ideal for digital
computing equipment. In the 0.090 in
dia. x 0.250 in. long case, max. capaci
tance ranges from 1.5uf at 6v. to 0.luf
at 75v. For smaller sizes the capacitances
range from 15u«f at 6v. to 0.68uf at 75v.
Sprague Electric Co., Marshall St., North
Adams, Mass.

Circle 164 on Inquiry Cord
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VARACTOR DIODE

Min. efficiency is 60%, input
freq., 1.56c; output freq. 3.0c
q e

The MDI100 is a silicon-planar epitax-
ial diode used for harmonic generation.
Parameters: input power, 2w.; cutoff
freq. @ Ov., 70Gc; capacitance Ov., 2.0upf;
power dissipation, 0.8w. @ 25°C; break-
down voltage, 60v. Fairchild Semiconduc-
tor, div. of Fairchild Camera and In-
strument Corp., 545 Whisman Rd., Moun-
tain View, Calif.

Circle 165 on Inquiry Card

ELECTRONIC INDUSTRIES -

SYSTEM BUILDER

Units allow breadboarding at the
systems instead of component level.

The E-series electronics are for R&D
uses where instrumentation must be
rapidly created for special purposes. The
series consist of 6 plug-in units, a pre
amplifier, amplifier, emitter - follower
chopper, rectifier, and differential ampli-
fier. Available with germanium or silicon
transistors. Chemtronix Co.,, P. O. Box
245, Goleta, Calif.

Circle 166 on Inquiry Cord
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FIELD-EFFECT TRANSISTOR

For amplifiers, analog muitipli-
ers, sample and hold circuits.

B

T T——

The U-114 p-channel silicon unipolar
field-effect transistor is in TO-46 pack-
age. This miniature Unifet offers typical
pinch-off volhage of 2v.; gm = 175umho;
typical Lpss is —56ua. Min. gate-drain
breakdown voltage of 30v. is guaranteed
at Ie = lupa. Thay may also be used as
choppers. Siliconix Inc, 1140 W. Evelyn
Ave,, Sunnyvale, Calif.

Circle 167 on Inquiry Card

NEW PRODUCTS

INDICATOR LIGHTS

Press-to-test indicator reports con-
dition of the lamp, current and PS.

Press-to-test indicator lights allow
lamps to be checked instantly. They in-
clude units that mount from back of panel
in 15/32, 54 and | in. clearance hole. They
are available in a wide range of lens
styles and colors. Legends can be hot-
stamped on flat lenses. Dimmer caps can
be furnished on most assemblies. Dialight
Corp., 60 Stewart Ave., Brooklyn, N. Y.

Circle 168 on Inquiry Card

BUSS FUSEHOLDERS

¢ LAMP INDICATING SERIES HK

AND HJ FOR
Ya x1and Vax 1/
INCH FUSES

Circle 60 on Inquiry Card

ELECTRONIC INDUSTRIES -

December 1963

PHOTOMIXING DIODES

Demodulates laser outputs inherent
in optical communication systems.

The L4500 series operates between 0.4
to 5.7 microns. The L4501 and L4502 op-
erate between 0.5 to 1.0; the L4530, be-
tween 0.4 and 3.4; and the L4540, between
0.4 and 5.7. Typical cutoff fregs. are 40,
10, 0.5, and 0.8cc. Typical photon ef-
ficiency is 50% for the silicon diodes, and
25% for the intermetallic diodes. Philco
Corp., Lansdale Div. Lansdale, Pa.

Circle 169 on Inquiry Card

f e e e e ——
asesese OF unquestioned high qquality

If you should have a
special problem
in electrical

protection...

Circle 60 on Inquiry Card
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AUTOMOBILES /RACING /TORPEDOES / FLIGHT CONTROL /EXPLORATION
OF OUTER SPACE /INDOOR LIGHTING / MISSILES FOR DEFENSE, AS
WELL AS OFFENSE / HI-FI / TELEVISION / SURGERY / HEARING / BOATS

What do these have in common?

They all utilize one or more Bendix Semiconductors.

Here are other applications you might find useful.

The Ford-powered Lotus—that just raced at Indian-
apolis and has been winning races ever since—has a
transistorized ignition system with Bendix® DAP®tran-
sistors. Our interest in transistorized ignition systems is
not for fun only. The day is not far off when all car
makers will be going this route. Here is one circuit
of several that can be used. More later about DAP
transistors and SOAR.

TRANSISTORIZED IGNITION SYSTEM

0.63 OHM t5%  IN3004
AT 25°C 9V IOW
0.005 OHM/°C/  ZENER

OHM TEMP. COEF. TURNS RATI0= 300:)
PRIMARY INDUCTANCE=0.8mH

SECONDARY INDUCTANCE=65H

10 OHMS 53 3 oHMS
2w 5W

POINTS

&
=

Here's another circuit for use in high frequency
applications. This 50 mc class A amplifier circuit uses
our 2N2939-2N2941 silicon Leaf® planar transistor
designed for HF, VHF, class A-class C amplifier and
oscillator circuits. The Leaf transistor is ‘‘purple
plague’’ free.

116

CLASS A 50 MC AMPLIFIER

C, SHIELD

PN=SSmW o T 2N2939 Lo

t=somc 020 |
(]
[}

C3 Po=1.0W
0-35pf R =500

Vee=25V Ic=100mA

Li: 4t. no. 14 solid copper, air, La: 4t. no. 14 solid copper, air,
1% in. L.D., ceramic form, 1% in. I.D,, 1L.O in. Ig. output
% in. |Ig. base connection tapped approx. % turn
topped approx. 1 turn from bottom. Collector
from bottom. tapped approx. 1% turns
from bottom.

We would like to amplify a bit on our original Leaf
design shown below. The Leaf configuration means
lower saturation voltage; the larger emitter area means
higher gain, and the larger
emitter periphery gives im-
proved beta linearity (up to
1 amp). Note the larger bond-
ing area for high reliability.

For slill more power at high
frequencies you can get the
new BIG (for Bendix Inter-
digitated Geometry) Leaf sili-
con planar epitaxial NPN tran-
sistor. Here's a case where the old saying “big things
come in little packages' is actually an understatement,
since this transistor offers the highest power-frequency
combination on the market today. Class C power out-

ELECTRONIC INDUSTRIES < December 1963



ELECTRONIC INDUSTRIES -

puts of 25 watts at 50 me can
be achieved, and the BIG Leaf
has gain-bandwidth products
up to 300 me. This new con-
figuration provides a lower
collector saturation voltage—
typically, 0.2 volt at 2 amperes
—higher gain and excellent
beta linearity at collector
currents up to 10 amperes.

You can now get transistors without ‘‘purple plague’’
for lifetime reliability. Purple plague seriously limits
transistorized equipment life. Purple plague results from
the intimate contact of gold (in the leads) with the
aluminized silicon element. The resulting AuAl, alloy
increases resistance, and ends in transistor failure due
to loss of mechanical strength at the bond. How do
you avoid it? By using transistors with aluminum leads.
With aluminum-to-aluminum bonding, and without
gold in contact with the aluminized silicon, there just
isn’t any purple plague. This isn’t quite as simple as
it sounds. Bonding the Al leads to the Al metalized
contact area is tricky and takes some rather advanced
techniques. As proof of our bonding reliability, our
planar transistors have been tested in excess of 40,000
G’s centrifuge and 5000 G’s shock without a failure
after 5000 hours at 300°C.

SOAR enables you to select transistors that can
reliably switch up to 4500 watts in microseconds.
SOAR defines the region enclosing all the points repre-
senting simultaneous values of collector current and
collector-to-emitter voltage which the transistor can
safely handle during switching into any load —inductive,
resistive or capacitive. Exact conditions are specified
for base current, switching time, junction temperature
and average power dissipation. To show how easy
SOAR is to use, please go through this example:

SOAR-SAFE OPERATING AREA
'

2 -0 ,
o I
c -8 |
3{3 |
(8]

@ -6 L
Sa N
£ -4 gl s Do 2NIO73A
Yz -2l \.l 2NI073
3 \ - s
(5 n n n N A >
o O -10-20-30-40-50-60-70-80-90
= Vog COLLECTOR-TO-EMITTER

VOLTAGE IN VOLTS

Assume maximum circuit conditions in a clamped
inductive load switching application are: Ic = —3.5 A,
Vcg = —55 V, repetition rate = 1 cps (square wave,
duty cycle 0.1%) P.avey = 2 mW, Ty = 85°C, O¢c.a =

Bendix Semiconductor Division

14.2°C/W (case-to-ambient), t; = 2 usec, t, = 60 usec,
Ig = =0.8 A, driving source output resistance = 3 ohms.
In this example, the load line does not fall within the
2N1073 SOAR but does fall within the 2N1073A SOAPF..
Therefore, the 2N1073A is the proper transistor for
safe switching.

This 10 amp DAP (diffused alloy power) transistor
and the one in the ignition circuit are just two in a
broad line offered by Bendix. These DAP transistors
are so reliable that one of our 25 amp DAP types is
scheduled for a trip to
the moon (if you want
more reliability data, let
us know). For versatility
in your circuit designs
there are DAP tran-
sistors from 3 to 50 amps
and up to 200 volts.

For rectification, mag-
netic amplifier, power
supply and DC blocking
applications, Bendix
makes a line of high
voltage silicon power
rectifiers in two packages.
There are 67 types in all to choose from. They are the
only ones designed with a single junction to withstand
up to 2500 volts and carry up to 10 amps. Because
our units have diffused single junctions, they have
lower forward drop. And not one unit leaves our plant
unless it passes a sweep test. Take a quick look at the
typical reverse characteristics of our units.

For VHF-UHF multiplier chains and other microwave
applications, consider our silicon power varactor line.
There are 64 types available in three packages, the
smallest of which will not begin to cover the nail on your
little finger, a size factor really important if you are
trying to miniaturize a microwave circuit.

Some of our customers

have described us as a 'gg CAPA\C);ANCE
germanium powerhouse |'a .
(because of 334 different |Z 20 BIAS VOLTAGE
types)—but we also |4 |OF 1:YP|CAL)
have 61 types of silicon | % 50 :

: = T =)
diffused mesa power |5 20l t
transistors in 9 packages | & Ilo (][] ]
with currents up to 8 |S Sk
amps and voltages up to g NS =
120 volts. £ 021

These product lines (£ g L] |
add up to a large variety | > 100 | 300] 500 700

f ; 200 400 600
of reliable Bendix BIAS VOLTAGE IN VOLTS

devices for your use in
military, space, industrial, commercial and consumer
electronics.

Let us assist you in choosing the semiconductor
devices that fit your needs. Just phone or write our
nearest sales office.

HOLMDEL, NEW JERSEY

Burbank, Calif.—(213) Victoria 9-3961; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N, J.—
(201) 747-5400; Minneapolis—(612)824.7270; San Carlos, Calif.—(415) LYtell 3.7845; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.—
(617)899-0770; Export—Cable: Bendixint, New York, N.Y.(212) 973-2121; Ottawa, Ontario, Canada—(613) TAlbot 8-2711.
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GIBSON . . . Manufacturers of electrical contacts '
with precious metals since 1933 ,

Precious metals are better suited for electrical contacts than base metals J

because of their superior electrical, chemical, thermal and mechanical
characteristics. Atmospheres that would corrode base metals, coating them

|

with films of oxide or other corrosion products, have little or no effect on
precious metals. As a result, the contact resistance of precious metals tends
to be low and constant in contrast with a base metal whose contact resist-

ance tends to be high and erratic.

Gibson electrical contact materials include precious metals, precious
metal alloys and precious metal powdered metal products.

PRECIOUS METALS AND ALLOYS

Consult Gibson on problems of application,
design and assembly methods. The high in-
trinsic value of precious metals indicates the
use of designs and assembly methods that
make the most effective use of these materials
in sizes as small as adequate performance
will permit.

DUCTILE GIBSILOYS

Powdered metal materials, predominantly
silver, mixed with elements with which silver
does not alloy such as nickel, tungsten or
iron, processed to a ductile condition suitable
for fabrication in any desired form. Provides
unusual combination of high conductivity
and good electrical and mechanical wearing
characteristics.

SILVER-GRAPHITE GIBSILOYS

Made from silver and graphite powders, these
materials are noted for the self-lubricating
properties the graphite imparts, as well as
their non-welding properties and low contact
resistance.

REFRACTORY GIBSILOYS

Include silver-tungsten, silver-tungsten-car-
bide, silver-molybdenum, contacts . . .
withstand effects of severe arcing . . . resist
mechanical wear, high impact and sticking.

CONTACT ASSEMBLIES

Fabricating complete electrical contact as-
semblies is a specialty at Gibson. Specialized
assembly equipment and facilities for all
attachment methods provides the most eco-
nomical production for each application. Gib-
son contact support manufacturing facilities
include every phase . . . design, forming,
fastening, heat-treatment and electro-plating,
and comprises use of any specific metal.

OTHER GIBSON APPLICATIONS FOR PRECIOUS METALS
Gibson’s reputation as a precious metal fabricator is not limited to the electrical |

contact field. Gibson facilities and techniques developed over the years lend them-
selves to research and development in the space age technology. ‘

POROUS METAL FILTER ELEMENTS

Gold, silver, platinum and palladium
are used in making porous metal filter
elements. Gibson’s powder metal proc-
ess assures controlled porosity by close
control of the relative density. Special
formulations on order.

PLATING

Gibson is equipped for silver and gold
plating of contacts and contact assem-
blies, and the diffusion of the gold plate.

GIBSON ELECTRIC COMPANY
A subsidiary of TALON, INC.

HEAT SINK WAFERS

A recent development in the semi-con-
ductor field is the Gibsotronic heat sink
wafer for sandwiching silicon wafers in
silicon power rectifiers. Write for Bul-
letin TIB 401.

POWDER METALLURGY

For powder metal parts of unique prop-
erties, consider Gibson as a source for
customer consultation on your specific
problem.

Write for Cotolog C-604

a L ]

ibsilo

ELECTRICAL CONTACTS
Swnce 1933

—_—

BOX 598, DELMONT (PITTSBURGH DISTRICT), PA.

Representatives in Principal Cities of the United States and Canada
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Circle 62 on Inquiry Card

ELECTRONIC INDUSTRIES -

NEW PRODUCTS

SPECIAL TUBE

Uses integrated-circuit concept;
functions in muclear radiation.

The Circuitron incorporates active
thermionic components and passive com-
ponents in a common envelope. They
function reliably, with no failures, during
an integrated nuclear exposure of 10"
(n, v, t) epithermal neutrons and 4.5 x
10° Roentgens. A pulse radiation test
made on binary counter Circuitrons show-
ed the stored count was unaffected by
radiation. They can be operated at an
amb. temp. of 200°C, and are not damaged
by 160db noise. Sylvania Electric Prod-
ucts Inc., Emporium, Pa.

Circle 156 on Inquiry Cord

TELEMETERING INDICATOR

Scans entire 350cps-120kc
subcarrier band in 1 sec.

Panorami, Model TM1-4/120, monitors
and checks telemetry subcarrier channels,
including the h-f tape-speed reference. It
can be furnished to handle channels to
190 Kc. Pre-emphasis of channel levels,
noise intermodulation distortion and other
effects are measured over a 55db range.
It provides zoomed in highly resolved
adjustable linear scans of any spectrum
segment 100ces to 20kc wide. Metrics
Div., The Singer Co., 915 Pembroke St.,
Bridgeport, Conn.

Circle 157 on Inquiry Cord

POWER SOURCE

Solid-state freq. changer con-
verts 60 cps to precision 400 cps.

Model PS-62-64 is a portable, precision
400 cps power source rated at l1kva. The
unit features precision and adjustable
voltage, light-weight, overload, and short-
circuit protection. Unitron Inc., 1624 N.
First St., Garland, Tex.

Circle 158 on Inquiry Cord
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NEW PRODUCTS

SOLID-STATE RELAY

Switching time at max. rated
20usec.

load is less than

The Model 2300 provides a dc-to-dc
latching. It operates on input volt-
ages of 8-32vdc at a current of 20ma max.
It will switch a load of 100vdc at 25ma
to la., depending upon amb. temp. For-
ward drop is 2v. max., and forward leak-
age in the off condition is lua @ 25°C
with a load of 100vdc. Hi-G Inc., Bradley
Field, Windsor Locks, Conn.

Circle 159 on Inquiry Card

HV SILICON RECTIFIER

Assemblies replace mercury tube
rectifiers. DC outputs to 1.75a.

The MB series have peak-reverse volt-
age ratings as high as 15 kv. Voltage
transient protection is provided by an
avalanche diode. They are housed in an
epoxy sealed, phenolic tube. Syntron Co.,
263 Lexington Ave.,, Homer City, Pa.

Circle 160 on Inquiry Card

D/A CONVERTER

Storage system permits intermit-
tent and continuous BCD inputs.

The Type 1136-A digital-to-analog con-
verter selects any 3 consecutive or the
last 2 columns of an input up to 9 col-
umns. It operates with 4-line BCD in-
puts or, with an accessory matrix cable,
with 10-line inputs from GR Type 1150
series counters. Nominal overall accuracy
is *0.1%. Output is switch-selected as
either lma with 15KQ source impedance
or 100mv with 1002 source impedance.
Conversion rate is up to 10K sec., and
storage transfer time is SOusec. General
Radio Co., West Concord, Mass.

Circle 161 on Inquiry Card

ELECTRONIC INDUSTRIES -

l —digital phase error accumulator

December 1963

| Precision

FREQUENCY EQUIPMENT

by MONTRONICS

For rapid comparison of
two frequency standards

MODEL 100
FREQUENCY COMPARATOR

—without affecting accuracy of
basic frequency standard or oscil-
lator under test

—one part in 10" comparison,
within a few minutes, of two pre-
cision oscillators

—sense of multiplied ‘difference”
frequency preserved throughout
the system

For economical distribution
of standard frequencies

MODEL 202
STANDARD FREQUENCY

DISTRIBUTION AMPLIFIER —at 100 ke, 1 mc and 5 mc, ex-

pandable to 21 channels
. to supply time base frequency
to many counters and signal gen-
erators

to provide precision control of
communications transmitters and
receivers

' For comparison of

local standards
with VLF signals

MODEL 204
VLF PHASE

with frequency comparison COMPARAMPIREES Brvpe:

presented as linear time function
of phase difference, compared at
10 kc

—100 microsecond chart reading,
full scale

| all electronic servo system, no
rotating components

For frequency synthesis
for communications,

MEREL-3 208, 5908, 204 laboratories and test systems

FREQUENCY SYNTHESIZERS

—with long-term accuracy and
stability of input reference
—incremental steps as small as
0.1 cycles per second; millisecond
switching times

—frequency selection with front
panel decade knobs or remote
programming

Now, most standard models available from stock. Quick re-
action on your special requirements. For prices and specifications,
ask your Fluke-Montronics representative or write

MONTRONICS INC.

‘ P.O.BOX 345 B0OZEMAN, MONTANA
Subsidiary of

John Fluke Mfg. Co., Inc.,
| Seattle, Wash.

Circle 63 on Inquiry Card
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IMMEDIATE NEW PRODUGTS

DELIVERY STAND-OFF
INSULATORS J o o e e

I'CBO ratings from —40 to —100v.

Entrance and lead-in bushings,
lead-in bowls and cups, conical
‘*beehive’ and cylindrical pitlar li
insulators—all are now available ; o

for off-the-shelf delivery from 7 @ i
Saxonburg. These stand-off in- T 1

sufators are designed to take | -
advantage of the high compres- | | l
sive strength and good electri- | ’
cal properties of steatite. |

Special forms and sizes can be ’
made to exact specifications. il
Write for data sheets showing
parts and dimensions.

11}
4

The 2N2552-2N2567 series comes in 3
different packages: MT-27, a press-fit
stud package; MT-6, a press-fit hexag-
onal flanged nut; and TO-5. Continuous

AMERICA’S LARGEST STEATITE FACILITIES power dissipation is 20w. at or below
25°C junction temp. ICBO is —125ua at
> CERAMICS, INC. 14 rated VCBO. These germanium units
Xnn ur 800 THIRD AVENUE are suited for audio amplifier, pulse am-
SAXONBURG, PA. plifier, relay driver, and switching appli-
cations. Bendix Semiconductor Div., Ben-

Qualily Ceramics /or grzo’us{ry Strce 1924 dix Corp., Holmdel, N. J.

Circle 162 on Inquiry Cord

‘Circ|e 85 on Inquiry7Cord _ | DATA LOGGING SYSTEM

Logs 165 channels/min. Stability,
0.005% full scale for 6 mos.

EISLER

soldering and
brazing equipment
—gas & high frequency

CONTINUOUS AND
INDEXING TYPES

-

Please write for full particulars

[EiSLER AUTOMATIC BRAZING MACHINE ‘1
BLE

DOUBLE TURRET TYPE ADAPTABLE & AOJUS
FOR MANY OIFFERENT OPERATIONS.GAS HEA

i P
*
Ve ]

I The Kin Tel system, Model 551-100, is
a dc digital logging system. It measures

| and records voltages from 0.0000 to
| #+999.99v., and produces recorded infor-
mation of 5 digits, symbol, range indica-

tion, and channel identification. System
accuracy is 0.005% of full scale 4-0.005%

| of reading. Data is recorded by a tape
perforator or optionally by a typewriter

or printer. The scanner accommodates

100 channels of up to 3-wire inputs. Cohu
Electronics, Inc, Kin Tel Div.,, San

UTOIMTIG BRAZIN; & SOLOERING MACHINE.S LES
WURRET TYPE.18 PISITION. PRODUGYIGN 1800 PH‘ 1
,EISLER GONTINUOUS TURNTASLES HAVE SOL
HUNOREDS OF DIFFICULT GPERATEONS

CONTINUOUS TYP. ]

RS-

MACH.NO.1J0-18-TP
Sy [ NO.100-18-TPD

g o
SIS 3

i

e "
EISLER ENGINEERING CO., INC. / 770 S. 13th St., Newark 3, N. J., U.S.A, | Diego, Calif.
Circle 163 on Inquiry Cord
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NEW PRODUCTS

CONNECTORS

Radiation-resistant components op-
erate from —320°F to +1200°F.

CONTROL SERVO AMPLIFIER

The Y in. volume wunit delivers 5w.
over a temp. range —55°C to +71°C.

These hermetically - sealed connectors
and headers provide resistance against
corrosive environments and thermal shock.
Radiation resistance: thermal neutron
capture across section is less than 1 x
10* cm®; leak rate: less than 2 x 10°
cc He/sec.; pressure seal: withstands
greater than 10,000 psi; and electrical
insulation : morc than 400,000 megohms @
1K vdc. Statham Instruments, Inc., 12401
W. Olympic Blvd, Los Angeles, Calif.

FROM ELECTRA: UP TO —

The capacitcrs, resistors, and conduc-
tors of this microblock unit are deposited
on ceramic substrates and contained in a
hermetically-sealed case. Electrical char-

acteristics include: signal freq., 400
(*20) cps; voltage input, 28vdc (=*-
10%) ; power input (max. output), 11w.;
voltage, 40v. nominal ; and gain stability,
+3db. Kearfott Div., General Precision
Aerospace, 1150 McBride Ave., Little
Falls, N. J.

Circle 219 on Inquiry Card

PLASTIC POTENTIOMETERS

Conductive plastic element can
produce simulated radar echocs.

These complex conductive plastic po-
tentiometer elements have 15 taps. They
are co-molded with the conductive plastic
resistive track to provide sharp pulses of
varying amplitude. These pulse positions
are leld to a tolerance of *1°. High sta-
bility with a life of 10 million revolutions.
They have a good accuracy and low noise.
Fairchild Controls, div. of Fairchild Cam-
era and Instrument Corp., 225 Park Ave,,
Hicksville, L. I, N. Y.

Circle 220 on Inquiry Card

6002000

COMPONENTS PER CUBIC FOOT DENSITY

Density - Electra Com-Pak Integrated Circuit Modules offer the design engineer
outstanding opportunities for achieviflg miniaturization and component density.
A component density of 600,000 per cubic foot is by no means impractical, and

the most sophisticated applications are filled by Electra Com-Pak units.

Reliability - Electra reliability and fidelity to specifications are unmatched in the
industry—a claim backed by continuing power-temperature testing. Electra
products consistantly meet or exceed the various MIL-specifications for which

they are indicated.

Actual Size

Capability - Electra capabilities, both in personnel and equipment, are especially

well suited to custom design and production of units to meet a specific appli-
cation. We invite your inquiry, and Electra engineers will be happy to work

with you to produce a Com-Pak unit to meet your exact specifications.

ELECTRONIC INDUSTRIES -

December 1963

E LECT RA MANUFACTURING COMPANY, INDEPENDENCE, KANSAS

PHONE: 316-331-3400/ TWX: 316-331-0210
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NEW TECKH [DATA

Relays and Switches

Catalog 1162, 14 pages, gives complete
descriptions, specs. and drawings for the
100 Series relays, R-200 rocker relays, G-
125 printed-circuit relays, and G-130
latching relays, dust-free enclosures, sock-
ets, solenoids, and switches. Relaymatic,
Inc., Sag Harbor, L. I, N. )

Circle 186 an Inquiry Card

Capacitor Bulletin

Bulletin GET-2984A describes new por-
ous-anode, liquid-electrolyte Tantalytic®
capacitors. The data features life test and
typical performance curves, charts show-
ing electrical characteristics, an outline
drawing, and photos. Available in 5 case
sizes from 6 to 60v. and 0.1 to 325mfds.
General Electric Co., Schenectady 5, N. Y.

Circle 187 an Inquiry Card

Modules Catalog

Catalog 80, 52 pages, contains circuit
diagrams and operating characteristics on
the complete line of Cambion® 12-pin dig-
ital logic modules. There are 19 families,
43 modules. Cambridge Thermionic Corp.,
445 Concord Ave., Cambridge, Mass.

Circle 188 an Inquiry Card

STAINLESS AND SUPER ALLOY FASTENERS IN SPACE? i

Probably! We sell Satellites-full to the Aerospace, Electronic |
and Missile Fields. They must be going somewhere. Let's face
it, when you stock the world’s largest variety of stainless fas-
teners to commercial, AN, MS and NAS Standards and manu-
facture fasteners and special parts from super alloys and
specialty steels to precision tolerances—word gets around fast.
We can't help it if our BIG CATALOG is the most coveted
buyers and specifiers guide in the industry. Perhaps you would
like a copy for your own use? Send us a note~we'll send‘a copy.

Transformer Chart

This transformer selector chart sim-
plifies the selection of small h-f trans-
formers. It is applications oriented. To
use it, classify the transformer application
as either pulse or sine wave, and locate
visually the various transformer styles
available in the power and freq. ratings
desired. Aladdin Electronics, 703 Mur-
ireeshoro Rd., Nashville 10, Tenn.

Circle 189 an Inquiry Card

X-Y Recorders

Models 135A and 2D-2A X-Y record-
ers have a 1 meg imput resistance. Each
operates from 0.5mv/in. to 50v/in. in 11
ranges. Additional data available from F.
L. Moseley Co., 409 N. Fair Oaks Ave,,
Pasadena, Calif.

Circle 190 an Inquiry Card

PM-Focussed BWO

The type SE 303 is tunable over the
full X-band, weighs 1.5 lbs., and has a
min. power output of 20mw. Size is 11
in. sq. x 5 in. long. Additional data
available from Stewart Engineering Co,,
subs. of Watkins-Johnson Co., Santa
Cruz, Calif.

Circle 191 an Inquiry Card

Storage-Tube Booklet

This 18-page booklet contains new ideas
about scan conversion and the application
of recording storage tubes. Photos, per-
formance, special techniques, applications,
and circuitry are some of the data given.
Image Instruments, Inc., 2300 Washing-
ton St., Newton Lower Falls, Mass.

Circle 192 on Inquiry Card

Connectors

This illustrated color brochure shows
how 3 basic connectors in the MS Build-
ing Block design can be used to assemble
all types of connectors, including E, R,
A, C. The Standard Connector Corp., 201
State St., North Haven, Conn.

Circle 193 on Inquiry Card

Components & Systems

This 56-page catalog gives detailed de-
scriptions, schematics and illustrations on
telemetry systems, voltage-controlled os-
cillators, component mounts, mv subcar-
rier oscillators, mixer amplifiers, power
supplies, dc amplifiers, reference, oscilla-
tors and airborne telemetry calibrators.
Sonex, Inc, 20 E. Herman St, Phila-
delphia, Pa.

Circle 194 an Inquiry Card

WITH TEMP-PLATE®
YOU SEE TUBE
SHIELD HEAT

Accurate to within =1%. Easy to apply. TEMP-PLATES are self-
adhesive, plastic stickers that contain small white dots of heat-
sensitive elements positioned in series of gradvated temperatures
—from 100°F to 1100°F. As the indicated heat for each dot is
attained, the dot turns black. Affix TEMP-PLATES to tube shields,
heat sinks or any critical electronic component where it is desired
to check heat exposure. TEMP-PLATES are the quick, reliable...and
visual method to record operating temperatures. Free samples are
yours for the asking.

® SCREW PRODUCTS

COMPANY, INC.

GARDEN CITY. N. Y. / EL SEGUNDO, CALIF.
NEW YORK CITY / NEWARK, N. . / BOSTON, MASS. / CHICAGO, ILL. / MTN. VIEW, CALIF.

Circle 66 on Inquiry Card
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PYRODYNE, INC.
11876 Wilshire Blvd.
Los Angeles 25, California

Circle 67 an Inquiry Card
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In January, 1963 a dynamic new dimen-
sion was added to Lockheed Missiles &
Space Company in Huntsville, Alabama.

LMSC's now well-established Research
& Engineering Center was created to lend
close support to the George C. Marshall
Space Flight Center, founded by NASA
to turnish vehicles for space programs;
and the Army Missile Command, home
of the Army’s missile programs.

The Huntsville Research & Engineering
Center, adjacent to the University of Ala-
bama’s new Research Center, is largely
self-sufficient, capable of carrying out a
wide variety of programs. Its capabilities
include: Advanced engineering; analyti-
cal studies; hardware design, develop-
ment, manutacturing, testing and evalua-
tion. Specific studies, such as analyzing

guidance systems, trajectory computa-
tion, optimization of payload and accu-
racy, post-flight analysis, and thrust
vector control through secondary injec-
tion, are already being accomplished.

Living in the Huntsville area is delight-
tul. The city, a metropolis of 120,000, is
modern and bustling—the fastest grow-
ing city in the Southeast. Nearby lakes
and rivers provide excellent fishing and
water sports. Its scenic countryside offers
a wide variety of game to the hunter. New
housing is plentiful. Schools have kept
pace with the rapid population growth, as
havethe churchesand civic organizations.

In all, you will enjoy living in Huntsville.
And you'll appreciate the rare challenge
of growing with a new, ambitious
organization.

LOOK AT LOCKHEED...

Introducing Lockheed’s new Research & Engineering Center

LOOK AT LOCKHEED...AS A CAREER
Consider Lockheed's leadership in space
technology. Evaluateits accomplishments
—such as the Polaris missile and the
Agena vehicle's superb performance
records, Examine its outstanding advan-
tages—location, advancement policies,
creative climate, and opportunity.

Then write for a brochure that gives you
a more complete Look at Lockheed in
Huntsville. Address: Lockheed Missiles &
Space Company, Huntsville Research
& Engineering Center, P.O. Box 1103,
West Station, Huntsville, Alabama.

SCIENTISTS & ENGINEERS: Current
positions available in Huntsville include
work in the following areas: Guidance
analysis » Electronics + Stability & con-
trol - Astrodynamics « Dynamics per-
tormance evaluation + Aerodynamics -
Gas dynamics » Control systems analy-
sis « Thermodynamics » Structural
dynamics + Computer programming -
Propulsion - Flight Mechanics + Opti-
mization techniques in mathematics.

MISSILES & SPACE COMPANY

AIRCRAPT CO: TION

A GROUP oF L
AN EQUAL OPPORTUNITY EMPLOYER

X2DeT = ¢DT(D + éxt
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NEW TECHK DATA

Boolean Algebra Guide

A pocket-sized guide to Boolean algebra
and logic conventions contains basic logic
rules and includes formulas of the Le
Morgan theorem, absorption property,
and canonical form plus often needed use-
ful identities. Also included are the logic
symbols of the positive logic convention,
in conformance with Mil-STD-806B, aud
a list of standard abbreviations. Harman-
Kardon, Inc., Plainview, L. I., N. Y.

Circle 170 on Inquiry Card

Silicon Transistors

Information is available on 6 new sili-
con power transistors which handle high-
power and h-f requirements. They can be
used in high-current, high-speed switch-
ing systems. Transistors can handle cur-
rents as high as 25a. Radio Corp. of
America, 30 Rockefeller Plaza, New
York 20, N. Y.

Circle 171 on Inquiry Card

Fasteners Catalog

This 24-page booklet covers all fre
quently used MS stainless steel fasteners.
Products listed include nuts, bolts, ma-
chine screws, screws, etc. Star Stainless
I%Icrew Co.,, 699 Union Blvd., Totowa,

Circle 172 on Inquiry Card

for Engineers.

Printed-Circuit Booklet

This 12-page, 3-color booklet contains
charts showmg performance characteris-
tics of various base matena]s, a table of
applications and properties of plated
coatmgs, cutaway drawings of multi-layer
termination alternatives, and many other
charts, diagrams, and photos. It is in-
tended as an aid in selecting the proper
PC board for a particular use. Industrial
Circuits Co., E. Paterson, N, J.

Circle 173 on Inquiry Card

Switch Catalog

Catalog C-64, 24-pages, describes snap-
action switches. It provides complete en-
gineering drawings, specs. and operating
characteristics. Cherry Electrical Prod-
ucts Corp., Box 439, Highland Park, 11l

Circle 174 on Inquiry Card

Design Aids

“Shortcuts in Selection of Tape Wound
Cores for Magnetic Circuitry” will aid
circuit designers who are interested in
inverters, magnetic amplifiers, and trans-
formers. The booklet features character-
istic curves for 3 core materials. The
curves were developed by solving Fara-
day’s Law and using specific basic as-
sumptions in solving the equation. Mag-
netics Inc., Butler, Pa.

Circle 175 on Inquiry Card

Solder-Joints Booklet

An illustrated tech. bulletin, MRS500,
glves information on mspectlon and qual-
ity control of solder joints. It contains
data on how to build quality into solder
joints and how to visually inspect them.
The bulletin also discusses the problems
of cleanliness and corrosivity. Aipha
Metals, Inc., 56 Water St., Jersey City
4, N. J.
Circle 176 on Inquiry Card

Magnetic Drums/Discs

This brochure contains data on 3 mod-
els of magnetic drums with storage to 4,-
100,000 bits, and 10 models of discs with
storage to 7,680,000 bits. The data in-
cludes design mformatlon, specs., and
photos. Commercial Computer Div., Gen-
eral Precision, 100 E. Tujunga Ave., Bur-
bank, Calif.

Circle 177 on Inquiry Card

Semiconductor Handbook

Silicon diodes, rectifiers, solar cells,
regulators, and other devices are described
in this 64-page handbook. The data in-
cludes characteristic curves, photos, draw-
ings, and tables. American Semiconductor
Corp., 3940 N. Kilpatrick Ave. Chicago
41, 111

Circle 178 on Inquiry Card

TWO BIG SECTIONS

march 23-26

9:45 AM.-9 P.M.

124

at the

NEW YORK
COLISEUM

all 4 floors!

® ELECTRONICS EXHIBITS
® CONVENTION PAPERS

See the finest products of industry,
hear famous men speak! Just one entrance

fee lets you visit both sections,

Buses to the N. Y. Hilton every few minutes

PRODUCTS e PAPERS o PEOPLE ¢ PRODUCTS o PAPERS ¢ PEOPLE

s
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Capacitor Catalog

This 28-page catalog provides complete
technical, electrical and physical data on
all types of film, paper and custom design-
ed capacitors, as well as a new line of
miniaturized power supplies. Curves
charts, and photos are provided. Chicago
Condenser Corp., 3255 W. Armitage, Chi-
cago 47, Il

Circle 179 on Inquiry Cord

Detection Handbook

This 17-page illustrated application
handbook discusses synchronous detection
systems. It describes the use of synchron
ous detection techniques in electron spin
resonance spectrometry, radio astronomy,
AFc of klystron oscillators, and detection
of narrowband signals buried in noise.
Triconix Inc., Bear Hill, Waltham, Mass.

Circle 180 on Inquiry Card

Altitude-Pressure Chart

This wallet-size conversion chart al-
lows direct conversion from altitude to
pressure in Torrs. Altitudes from 0 to 2,-
320,000 ft. are listed. In addition, out-
gassing data for different metals are
given. Kinney Vacuum Div., The New
York Air Brake Co., 3529 Washington
St., Boston 30, Mass.

Circle 181 on Inquiry Card

NEW TTECHKH DATA

for Engineers.

Glow Lamp Applications

This 12-page application newsletter is
devoted to better circuit design through
the use of neon glow lamps. Discussions
include a comparison of glow lamps vs.
semiconductors; use of glow lamps for
arc suppression; and many specific glow
lamp a, plications. The forum section dis
cusses inexpensive harness testing, han
dling antenna overloads, voltage fuse
bias regulation, etc. All topices are il-
lustrated with circuits. Signalite, Inc
Neptune, N. ]

Circle 182 on Inquiry Cord

Printed Wiring Handbook

“Second Generation Printed Wiring
Handbook of Multi-Layer, Flexible and
Weldable Pre-Fab Circuits” reports the
advances achieved in newer more sophis-
ticated wiring. The handbook is thorouglh,
detailed and carries a number of photos
and diagrams to implement the text. It is
primarily an attempt to bring the art of
printed wiring up-to-date and to draw at-
tention to the anticipated directions it will
take in the future. Request on company
letterhead to Methode Electronics, Inc.,
7447 W. Wilson Ave., Chicago 31, Il

ONE GREAT SHOW!

at the

NEW YORK

HILTON

2 floors, including Hilton’s

main exhibition area

® ELECTRICAL EXHIBITS
® CONVENTION PAPERS

IEEE Members: $1.00
Non-members: $3.00
Minimum age: 18

Buses to the N. Y. Coliseum every few minutes

CRT Handbook

Booklet No. ET-3924 outlines design
considerations important to optimum re-
sulte in the display portion of a system,
and shows how crT performance is effect-
ed by various system factors. It offers
tube application notes and detailed elec
trical and mechanical specs. on a variety
of multi-gun, high-resolution and double
deflection crTs. Sylvania Electric Prod-
ucts Inc., 1100 Main St, Buffalo, N. Y.

Circle 183 on Inquiry Card

Screwdrivers

Bulletin N763 describes a complete line
of Allen hex fixed-handle screwdrivers
and interchangeable Allen hex blades.
Listed are 11 sizes of fixed-handle screw-
drivers and 8 blade sizes. Also included
is a plastic, pocket roll kit containing a
set of 6 blades and a regular size handle.
Xcelite Inc., Orchard Park, N. Y

Circle 184 on Inquiry Card

Half-Adder Module

The EMC half-adder module offers a
complete half-adder circuit in one module.
The pulse repetition rate is 2mc. Logic
levels are Ov. and —6v. Additional infor-
mation available from Electronic Modules
g:do(;p., 1949 Greenspring Dr., Timonium

Circle 185 on Inquiry Cord
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YOU MAY NEVER NEED
THIS KIND OF REGULATION

...but YOU'LL BE GLAD
YOU HAVE IT ccccccccece

®
Maybe we build our power supplies too good. But, by a
anticipating the unusual conditions of some installations, >
we provide a margin of performance that may be necessary z
to overcome problems in isolated cases. This then assures ®
precise operation in the ordinary installation. Precision A
control is the key to a high level of performance over a é
wide range of installation conditions. 3
If you need power supplies, that are designed and built t
with a high degree of regulation, like the units shown i
below — then get in touch with Acme Electric, =
®
®
®
®
®
®
® ®
®
®
®
®
®
®
. AC Input Volts: 190, 198, 206, 214, 222, 230, 238, 246, 254, 277, +15%
° Frequency: 48-62 cps
® DC Output: 60 volts @ 20 amperes +2%
®
®
®
c
®
@
® o0 0 ®
- . g M
1
© Q © 6 ®
8 60 8¢ ‘ L
®
Input: 208V *£15%; 60 cps =4 cps; 3 phase Y Y
240V +=15% 60 cps !4 cps; 1 phase
220V =15%; 50 cps =1 cps; 1 phase A4
Output: 99.98 - 100.02 V. @ .25 amperes, *+.03% f
Ripple: -002% L4
Line Regulation: .001% °
Load Regulation: .002% (50 - 100%)
Drift: .04% o
o
®

REGULATED POWER SUPPLIES

Engineers and Builders of... starc rower recririers

8912 WATER STREET, CUBA, NEW YORK A 5‘“'“:‘:5;
In Canada: Acme Electric Corp. Ltd. (e tVEnet, GEC U} HTIRS

50 Northline Rd., Toronte, Ont.

126 Circle 69 on Inquiry Cord
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Capacitor Brochure

Form 2864, “IEI Tantalum Foil, 85°C
Electrolytic Capacitors,” provides stand-
ard rating and selection tables to assist
in selecting etched or plain-foil capacitors.
Voltages for the etched foil are 15 to
150wvdc; for the plain foil, 3 to 150wvdc.
Units meet Mil specs. Standard Pressed
Steel Co., Box 899, Jenkintown, Pa.

Circle 223 on Inquiry Cord

High/Low Filter

Catalog sheet 2.3.5 describes the MA-
321F filter, which separates the base-
band into 2 segments by means of a high
and low pass flter. Insertion loss is 1 to
2db, depending on crossover point. Spec-
trum is 4KcC to cither side of crossover
freq. Motorola Communications and Elec-
tronics, Inc,, 1400 N. Cicero Ave, Chi
cago 51, Il

Circle 224 on Inquiry Card

Delay Lines

The Type 1376 variable ultrasonic delay
lines are used for detection, tracking, and
ECCM in airborne and satellite systems.
Delay is continuously variable from 50 to
170usec. Specs., photos and block dia-
grams are available. Andersen Labora-
tories, Inc., 501 New Park Ave, West
Hartford, Conn.

Circle 225 on Inquiry Cord

Connector Catalog

Catalog CM-16 describes hinge con-
nectors that handle up to 100 contacts/
connector. It contains complete electrical
and physical specs., and illustrations of
the various plug and socket bodies, ter-
minations, hoods, and locks available.
Cinch Mig. Co., 1026 So. Homan Ave,,
Chicago, I11.

Circle 226 on Inquiry Card

Application Bulletin

Bulletin No. 113 presents graphs, sche-
matics, logic diagrams, waveform photos,
tables, and application data for a planar-
epitaxial transistor. The 2N2927 pnp unit
offers high switching speeds at high
currents. One circuit described below
300ma is switched on in 7nsec. and off
in 15nsec., non-saturating. Fairchild
Semiconductor, 545 Whisman Rd., Moun-
tain View, Calif.

Circle 227 on Inquiry Cord

Ruby Laser

The LHS double-ended, pulsed ruby
laser can be used as a prime source of
light energy, or as an amplifier of other
light beams of appropriate wavelength.
QOutput of the single-cavity unit is 30
joules at the temp. of liquid nitrogen. It
delivers a min. of 10 joules at room temp.
Qutput wavelength 1s 6943 A at room
temp. Pulse width is 1.5 to 2msec. and
input power is 2000 joules. Additional
data available from Raytheon Co., 130
Second Ave.,, Waltham 54, Mass.

Circle 228 on Inquiry Cord
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We have to show you some-
body else’s capacitor

Both of these high voltage capacitors are designed to operate
at 1.0 UOF +109, at 2500 WVDC. The one on the right
which we modestly hasten to inform you we make —uses
a reconstituted mica dielectric and can withstand tempera-
tures as high as 125°C. without de-rating. The one on the left
must be de-rated to 1600 volts to withstand 85°C.

As if that weren’t enough, the Bendix® capacitor is of solid
construction to avert impregnant leakage, is less than half

to illustrate why
ours is better.

the size of other units, is highly shock resistant, and has
better electrical characteristics. Circuit density automatically
increases when you specify Bendix capacitors. And, they
pack more performance into a smaller package.

Why settle for less? You can have both higher tempera-
tures and reduced equipment size with our high voltage
capacitors. Write us today in Sidney, New York, for addi-
tional information.

em/l,'/

CORPORATION

Scintilla Division

Circle 70 on Inquiry Card




NIEW TECH DATA

Power Supply Guide

This guide will aid in selecting power
supplies for use in test, service, research,
or calibration measurements. Specs. listed
in table form are: range, polarity, line
regulation, output current, output im-
pedance, output ripple, output stability,
output connector, physical characteristics,
voltages and power required, voltages and
power provided. Radiation Instrument
Development Laboratory, 4501 W. North
Ave., Melrose Park, Il

Circle 195 on Inquiry Card

Instrument Knobs

Form No. 106 gives data and photos on
Standard (SS) and Prestige (PS) series
of instrument knobs. Both are offered in
a range of sizes and consist of single-knob
and concentric-knob models. The knobs
have rigidity, dimensional stability, high-
surface gloss and resistance to stain,
weather, corrosion and heat. Each series
is available with a number of positioned
indicators. Overall dia. range from 23/32
in. to 2 in. The Buckeye Stamping Co.,
5§55 Marion Rd., Columbus, Ohio.

Circle 196 on Inquiry Cord

Ferrite Components

This comprehensive 2-color catalog
lists ferrite isolators, circulators, and
switches. Specs. and ordering information
on 150 different ferrite items encompass-
ing the operational range from 100mcC to
73Gc are given. Ferrite isolators are listed
in waveguide and coaxial types. The
latter includes min. models with optional
magnetic shielding and high ratio units
with 75db min. isolation. Ferrite wave-
guide circulators listed include standard
models in H, Y and T configurations and
a new waveguide-bandwidth series.
Melabs, 3300 Hillview Ave, Stanford
Industrial Park, Palo Alto, Calif.

Circle 197 on Inquiry Cord

Wire and Tubing

This 58-page illustrated catalog con-
tains photos, characteristic tables, and
comparison curves for a line of magnet
wire, hook-up wire, high-temp. lead wire,
miniature cables, coaxial cables, tubing
and sleeves. Hitemp Wires Co. div. of
Simplex Wire and Cable Co., 1200
Shames Dr., Westbury, L. I, N. Y.

Circle 198 on Inquiry Cord

Solid-State Relays

Tech. data on operational and environ-
mental characteristics of Series 2000
solid-state relays is now available. The
units employ solid-state circuits, elimi-
nating moving parts and contacts. Life is
virtually unlimited. There is no chance
for contact contamination, contact bounce
or arcing. The relay line includes dc-ac;
and dc to dc latching functions. Hi-G
Inc, Bradley Field, Windsor Locks,
Conn.

Circle 199 on Inquiry Cord

Reference Amplifier

Models SC5191, 92 are designed for dc
voltage regulation in precision power
supplies. Each is a combination voltage
reference and dc amplifier and accepts
input voltages from 8.6v. min. to 9.2v.
max., with 8.9v. nominal. Temp. coeffi-
cient is *0.002%/°C from 0° to 100°C
small-signal voltage gain ratio is 100 min.
and 200 typical. Operating temp. is
—55°C to +100°C. Data available from
Hughes Electronic Products Div., 500
Superior Ave., Newport Beach, Calif.

Circle 200 on Inquiry Cord

DRAKE
“TITELITES”

Oilproof . . . Waterproof
% ) ...Dustproof ...

"~ INDICATOR LIGHTS

SPECIALLY DESIGNED, RUGGEDLY BUILT “TITELITES"
thoroughly protect against intrusion of Oil, Water
or Dust into such equipment as Switch Gears, Motor Con-
trols, Outdoor Control Panelsand many otherapplications.
Both Heavy Duty and Miniature types may be used with
either neon or incandescent lamps. The Heavy Duty
Type is available with either Candelabra Screw or
Double Contact Candelabra Base, in three glass lens
styles— Faceted or Plain Beehive for maximum side
visibility; Flat, generally used with printed heat re-
sistant discs for readout or warning purposes. The
smaller type with 53" lens takes any
Miniature Bayonet T3-1 lamp; may
be had with a variety of colored
lenses, plain or fluted.

Both styles are available for MIL
applications and are UL Listed.
* SEND FOR DATA SHEET 6209
WITH FULL DETAILS AND SPECIFICATIONS

Over 4,000,000 Successful Installations
Establish the HOWARD UNIT BEARING
MOTOR as the All-Time Champion in
AirMoverent_ Applications

1o
LENS
HEAVY
ouTY

\

V =X,
GUARANTEED FOR 5 YEARS

The number of Howard Unit Bearing Motors in
service has now reached a total of over four million,
with a performance record that enables Howard to
guarantee a minimum of 5 years' continuous
operation without lubrication maintenance. For the
guarantee instead of the hope of long, maintenance-
free performance, make sure your air movement
units are powered by Howard . . . Write for blower-
and-fan bulletin.

SR IBTURE HOWARD INDUSTRIES, INC S—
D RAKE SPLElg:‘ATJINsGTs 1730 STATE ST., RACINE, WISC,ONS"; “ownnn

- 1 :
Electric Motor Corp., Cyclohm Motor Corp., Racine Electric Products,
4626 NORTH OLCOTT AVENUE e CHICAGO 31, ILLINOIS Divisions: \'5ud Scruggs Co., Micro Gear Inc.

Circle 7t on Inquiry Cord Circle 72 on Inquiry Cord
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WEW TECH DATA

Microwave Catalog

This 1963 catalog describes microwave
test components. These include attenu-
ators, filters, terminations and absorbing
materials. Many units are advanced mod
els. The catalog includes a section giving
state-of-the-art for each component type
and design data for special problems.
Radar Design Corp., Pickard Dr,, Syra-
cuse 11, N. Y

Circle 201 on Inquiry Cord

Thin-Film Technology

Thin-film technology is now available
to manufacturers through a licensing ar-
rangement. The technology employs inex
pensive, simple chemical processes instead
of complex vacuum systems. It is espe-
cially desirable for companies who wisl
to establish an in-house thin-filin capabil
ity at min. cost. Lockheed Missiles
Space Co., div. of Lockheed Aircraft
Corp., Sunnyvale, Calif.

Circle 202 on Inquiry Cord

Cooling Equipment

An advanced line of packaged cooling
cquipment is presented in a colorful bro-
chure. Condensed specs. are given. Over
100 models are available providing air
deliveries from 150 to 1000 CFM and
panel sizes from 35 x 1034 x 19 in
McLean Engineering Laboratories
Princeton, N. J

Circle 203 on Inquiry Cord

Toggle Switch

Information is available on a 108 pol¢
DT min. toggle switch with a bod:
dimension of approx. 34 x 1V x 234 in
The T-BAR® Switch/Relay line offers
from 4 PDT to 108 PDT switches. [deal
for calibration circuits and peripheral
equipment selection. The gold-bonded
contacts have initial contact resistance of
10 milliohms or less and will transfer
2a. resistive. Electronic Controls, Inc
Danbury Rd., Wilton, Conn.

Circle 204 on Inquiry Cord

Switching Components

This catalog gives complete teclmica
specs. on switching components. Data on
general-purpose relays, time-delav relays
and coaxial switches are included. Elec
tronic Specialty Co., 5121 San Fernandc
Rd.. Los Angeles 39, Calif

Circle 205 on Inquiry Cord

Current Sensor

Bulletin 11412 describes Models CS1
CS2, and CS3 current sensor, a magnetic
device designed for a wide variety of
high - current, low - voltage applications,
Design characteristics, materials, and ap-
plications are given. Electramatic Inc
3324 Hiawatha Ave., Minneapolis, Minn

Circle 206 on Inquiry Cord

Circle 73 on Inquiry Cord —»

|
|
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The mark of superior relay performance

phillips

control
company
joliet

found only on service-proven relays of

illinois

Do you have our new relay catalxzgue?

|




NOW-PRECISION VOLTAGE

|

AND PHASE COMPARISONS
AUTOMATICALLY-WITH A
GERTSCH
COMPLEX RATIO BRIDGE

This self-nulling AC bridge displays both in-phase and quadra-
ture ratios on a 5-place Nixie readout. You get fast, accurate meas- ]
urements without the need for a skilled operator. In-phase ratio
accuracy is better than .005% of range — quadrature accuracy:
better than .05% of range, plus calibration. Average nulling time
is less than 10 seconds. Instrument is ideal for production testing
of transformers, tachometers, rate gyros, all types of transducers,
AC amplifiers, AC networks, and AC systems.

|
|
|

Measures step-up ratios as high as 1:6 to 3-, 4-, or 5-place resolution.
Automatic quadrant selection and indication.

Choice of operating frequencies. Either 400 or 800 cps models avail-
able. Other frequencies furnished on request.

Completely self-contained—requires no external calibration
sources. Output provided for printer. Both cabinet and rack-mounted
models are available.

Write for complete literature. Bulletin CRB-3.

=lberisch =

GERTSCH PRODUCTS, INC.
3211 S. La Cienega Bivd., Los Angeles 16, Calif. = UPton 0-2761 * VErmont 9-2201

130 Circle 58 on Inquiry Card
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Component Selector Guide

This 144-page selector guide contains
over 100,000 application and selector
charts for capacitors and other compo-
nents. In addition, application and selec-
tion assistance data, specs., ratings, and
product information are given. This guide
definitely meets the needs for an applica-
tion engineering aid. Cornell-Dubilier
Electronics Div., Federal Pacific Co., 50
Paris St., Newark 1, N. J.

Circle 207 on Ingquiry Card

Potentiometers

Catalog P1210, 64 pages, contains de-
sign specs., operating characteristics and
mounting dimensions of all standard
Dynamaster® recording and controlling
potentiometers and bridges. Periormance
specs. of special-purpose recording in-
struments are also included. The Bristol
Co., Waterbury 20, Conn.

Circle 208 on Inquiry Card

Reed Relays

Two modular-type reed relays, Series
KR and KRL, are described in this bul-
letin. KR is available in N.O. and N.C.
contact forms ; KRL in SPST and SPDT
and KRS in SPST. The units have 3
types of mountings: a standard plug
connector type; PC board mounted with
4 mounting lugs; and a type for panel
mounting with epoxy mounting base.
Pick-up sensitivities range from 35 to
400a. turns. Wheaton Industries, Inc,
Dept. RR, 422 Interstate Rd, Addison,
ALK

Circle 209 on Inquiry Card

Relay Catalog

Bulletin No. 105 describes many all
purpose economy relays suited for switch
ing of control circuits in electro-mechani-
cal devices. Different types are illustrated
and described, including quick disconnect,
open relays, latch relays, mechanical ac-
tuators, plug-in relays, time-delay relays,
plastic and metal housed units. Artisan
Electronics Corp., 171 Ridgedale Ave.,
Morristown, N. J.

Circle 210 on Inguiry Card

Tape Reader

Performance specs. and operating in-
formation on the Model 55 perforated tape
reader are contained in brochure DSD-
SR-23. The reader uses an optical read
ing system. Capstans are beit driven by
a 3-phase, 2-speed synchronous motor. In
low, bidirectional tape speed is 20 ips at
asynchronous stepping rates up to
char./sec. In high, bidirectional rewind
or search tape speed is 60 ips. The reader
can be stepped asynchronously, character
to character, at rates up to 150 char./sec.
Cook Electric Co., Data-Stor Div., 8100
Monticello Ave., Skokie, 1il.

Circle 211 on Inquiry Card
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Cathode Ray Tube Lead

Shielded Power Supply
Cables—Rubber

; Duplex Connector =t - Cables N
Plastic Microphone Cables Extension Cords i =
b &
: Cable
Audio Cables

Unpaired Intercom
Cables

Shielded Interconnecting
Cables

Low Impedance Lig

IndivicKally
Shielded
Intercom Cables

Shielded
Control Cables

——— WS AN ey
G/U Transmission
Line Cables

=) n

Coiled Test Prod Wire

it
\".«}\ \ L

RC/U Cables

Belden :‘ Control

WIREMAKER FOR INDUSTRY Rubber Microphone Cables
SINCE 19G2 — THICAGO =

e SN

ST

Miglature Audio Cables

3-Conductor Power Cords

Hook-Up Wires

Strain Gauge Cables

— =

Broadcast Audio Cabies

Miniature
Microphone Cables

Multiple ¥
Pair Cables

2 & 3 Conductor
Extension Cords

TV Eye \\Q’:

Camera Cable

Color, Studio, Closed
Circuit Camera Cablz2s

Intercom Wires

Lamp Cordage ———— -
3 Teflon® Wires Shielding & Bonding
Portable Cordage Coiled Cords *DuPont trademark Cable Sound Cables
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"MAICHED'
NUTDRIVER SET

hollow shaft . . . color coded
... every tool in its place

7 popular sizes 1/4* thru 1/2*

hollow shafts for extra clearance

precision fit, case-hardened sockets

.

high carbon steel: chrome or
nickel plated

color coded, shockproof
plastic handles (UL)

.

heavy gauge, non-tip
stand with
handle wells

large, readable,
size indexes

OTHER SETS, TOO: solid-shaft, hollow-shaft,

or mixed . . . bench and wall rack models

PLUS FULL RANGE OF SEPARATE
NUTDRIVERS: 3/32" thru 3/4” - regular,
stubby, extra-long, midget (pocket clip)

available through leading electronic
and industrial distributors

XCELITE, INC. + ORCHARD PARK, N.Y.

Canada: Charles W. Pointon, Ltd., Toronto, Ont

HAND TOOLS

QUALITY SCREWDRIVERS, NUTDRIVERS. PLIERS,
WRENCHES, SERVICE KITS, and SPECIAL PURPOSE TOOLS

Circle 79 on Inquiry Cord

132

NEW TECH DATA

Switch Catalog

Catalog No. 7 covers hermetically-
sealed and high-temp. precision switches
and switch assemblies. Blueprints and
complete specs. are available from which
modifications, custom switches, and switch
and control assemblies can be fabricated.
Haydon Switch, Inc., 1500 Meriden Rd
Waterbury, Conn.

Circle 212 on Inquiry Cord

Tube Booklet

J

This 9-page booklet contains design
data for the Model 8108 disc-seal triode.
The tube may be used as a CW amplifier,
oscillator, freq. doubler, or freq. tripler
to freq. above 66c. The information in-
cludes general characteristics, schematics
of recommended circuits, and character- |
istic curves. Amperex Electronic Corp., |
230 Duffy Ave., Hicksville, L. I, N. Y. l

Circle 213 on lnquiry Cord

Transistor Catalog

Over 100 silicon-planar transistors, in
cluding general - purpose, small - signal,
low - noise, saturated - switch, ultra h-f,
field-effects, and special assemblies are
defined in this short-form catalog. Types
B, C, F, G, H, and S microcircuits are
also covered. Amelco Semiconductor, 1400
Terra Bella Ave.,, Mountain View, Calif.

Circle 214 on Inquiry Cord

Dielectric Testers

Bulletin 4-1.3 describes portable units
which determine current leakage, insula
tion breakdown, and short circuits in ac |
electronic components, small appliances.
tools and motors. Complete specs. arc
given. Associated Research, Inc, 3777 W
Belmont Ave., Chicago, Il

Circle 215 on Inquiry Cord

Step-Servo Motor

This fractional horsepower step-servo
motor is designed for high-type-torque
(90 in. oz.) at stepping rates to 150 90
steps/sec. It has no mechanical detents,
brushes, or drift. Additional data avail
able from Automation Development Corp.,
11824 W. Jefferson Bivd, Culver City,
Calif.

Circle 216 on Inquiry Cord

Cables and Wires

“Instrumentation Cables, Cable Assem
blies and Hook-up Wires,” 20 illustrated
pages, provides data on various types of
hook-up wire and military classifications
of wires and cables. It should be a great
aid to military and design engineers. Data
covers cable and cable assemblies used in
monitoring and telemetering circuits, data
recording, circuit-control testing, com
puters, control circuits, and power cir
cuits. Rome Cable Div. of Alcoa, 669
Alcoa Bldg., Pittsburgh 19, Pa.

Circle 217 on Inquiry Cord .
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 SPEGIFY

TELEPHONE
TYPE

COMPONENTS

Stromberg-Carlson

Thoroughly proved in tele-
phone switching operations,
Stromberg-Carlson compo-
nents bring a new high in
quality and reliability to many
industrial applications.

R[LAYS Types A, B, BB, C and

E. All standard spring combinations
are available. Send for our Bulletin
T-5000R3.

{
K[Ys Broad selection of push-
button, cam and twist types. Send

for Bulletin T-5002R2.

HAN DS[TS High-efficiency mod-

els; standard or with switch as-
semblies. Send for Bulletin T-5017R.

Plus all other telephone switch-
board components. For technical
data on the full Stromberg-Carl-
son line, write to Industrial Sales
Department.

STROMBERG-CARLSON
A oivision or GENERAL DYNAMICS

s CARLS_ON ROAD + ROCHESTER 3, N. Y.
Circle 80 on Inquiry Cord
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HOT SPOT
COOLER

The Nugget elimi-
nates hot spots with-
out cooling - system
redesign

A COMMON PROBLEM IN PACKAGE COOLING is the
hot spot, an area where one component overheats
and causes a reliability problem. A simple solution
to hot spot cooling is the Nugget Blower™. This
compact blower requires a volume of 2 x 4 x 35 in
and weighs 0.6 Ib. It operates on 60cps and requires
7w. The unit gives a concentrated blast of 15¢fm
for spot cooling. A feature of the unit is a Centraxial
wheel which combines the best features of centrifuge
impellers and propeller fans. A wheel of this type is
said to have almost twice the efficiency of the con-
ventional squirrel-cage wheel. Rotron Mfg. Co.,
Inc., Woodstock, N. Y.

4000w DC

POWER MODULE

* Qutputs from 5 volts to 10 KV
* Power range 5 to 240 watts

* Designed to
MIL SPECS

These miniature, solid state modules
convert 115 watts 400 cps power to
any DC voltage from 5 to 8650 VDC
on standard models, with up to 10KV
available on “specials.” Units are
regulated to a close 0.5% for an
input change of 105 to 125 VAC.
Ripple is only 0.2% RMS. True her-
metic sealing is provided to meet the
MIL-E-5272C missile environment.
Prices begin as low as $170.00

Smallest size: 234~ x 23,” x 3” high
Delivery: most units from stock

Send for complete 20 page catalog
or see EEM pgs. 1255-1259.

LABOARATORIES INCORPORATE O
3055 Buckingham Rd. « Los Angeles 16
Direct Dial 213 « REpublic 1-9331

Circle 81 on Inquiry Card
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Because...

Mapico pure synthetic
iron oxides are un-
matched for uniform-
ity...they are
subjected to the most
precise production
controls.

Why
MAPIEO

iron oxides
for ferrites, above all others?

Because...

There’s range . . . a
Mapico iron oxide raw
material is available
for every end use area
from defiection yokes
to temperature com-
pensated cores to hard
ferrites.

Because...

Mapico iron oxides are
made in three typically
different particle
shapes . . . each avail-
able in several ranges
of particle size.

Because...

Selection of the right
Mapico iron oxide gives
controlled electronic
characteristics and
shrinkage.

MAPICO

offers a useful, up-to-date chart on these
many oxides with detailed data on particle
shapes and other properties.

WRITE FOR IT TODAY!

MAPICO IRON OXIDES UNIT

COLUMBIAN CARBON COMPANY

380 Madison Avenue, New York 17, N. Y.
BRANCH OFFICES IN PRINCIPAL CITIES

COLUMBIAN CARBON COMPANY
380 Madison Avenue, New York 17, N.Y.
Please send me the new, up-to-date
chart on MAPICO IRON OXIDES FOR FERRITES.

Name

Position
Firm }
Address

City .Zone State...........

Circle 82 on Inquiry Card
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CirCUit DeSignerS Ar ise! The revolution in trimmer capacitor design is here!

New JFD precision glass delivers 30 PER CENT
GREATER CAPACITANCE—25 PER CENT HIGHER Q—
with no increase in size over previous JFD trimmers of
same capacitance . . .

Developed in the JFD glass and ceramic laboratories,

glass offers higher dielectric constant and, surpris-
ingly enough, higher Q over conventional tubular trimmer
glass. ’s superior electrical qualities now help provide
standard JFD trimmers of 120 pf. capacitance and higher,
facilitating their use at much lower frequencies. Ranges
over 250 pf. are now possible, too.

glass also permits use of heavier wail thickness for
Model NMC609 with 0483 glass
1-120 pf actual size

FD ELECTRONICS
CORPORATION

THE 3 AMERICA KNOWS BEST!

Components Division

high shock and vibration applications without change in
outside dimensions or electrical characteristics. Its green
color screens out effects of oxidation due to light exposure,
and alleviates effects of infra-red and ultra-violet radiation.

New glass is being incorporated into the following
new JFD “N” trimmer series: standard and miniature panel
mount and printed circuit; Pin-trim; Sealcap; Max-C and
Super Max-C. Also, at a later date, into the Plus-C, split-
stator and differential series.

is another example of new JFD trimmer technological
advances coming your way. For the full story, write for our
detailed bulletin—or call your JFD components distributor.

e Model MC609Y
1-90 pf. actual size

JFD ELECTRONICS CORPORATIDN, 15th Ave. at 62nd St., Brooklyn, N. Y. 11219 « 212 DEwey 1-1000 * TWX: 212-833-7001 + Cable JEFOEE
JFD NORTHEASTERN, Ruth Drive, P.D. Box 228, Mariboro, Mass. + Huntiey 5-7311

JFD MID-ATLANTIC, 313 E. Broad St., Palmyra, N. J. - 609-665-0788

JFD MID-ATLANTIC-MARYLAND, P.D. Box 7676, Baltimore, Md. 21207 - Phone: 301-944-5644

JFD MIDWESTERN, 6330 Hermione St., Chicago 46, Illinois - 775-5424,5425

JFD MIDWESTERN-OMID, P.0. Box 8086 Circinnati 8, Ohio « 513-421-1166

JFD WESTERN, 9 Morlan Place, Arcadia. California « 213 HI 6-0312

JFD CANADA, LTD., 51 McCormack Street, Toronto, Ontario, Canada - ROger 2-7571

STANDARD TELEPMDNE & CABLES LTD.. Components Group, Capacitor Sales Dept., Footscray, Sideup, Kent, England
LCC STEAFIX, 128 Rue de Paris, Boite Postale S1, Montreuil-sous-Bols, Seine, France

JFD ISRAEL, LTD., Bldg. 23, tndustrial Area B, Azur, Israel

DUCDN CDNDENSER PTY. LTD., Christina Road, Villawood, N.S.W., Australia

variable Trimmer Piston Capacitors @ Metalized Inductors @ LC Tuners m Fized Capacitors @ Fixed and Variable Distributed and Lumped Constant Delay Lines m Pulse Forming Networks
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NEW Subscription Order

| wish a new complimentary Subscription to

ELECTRONIC INDUSTRIES Mail Stop

or
Company Name_ Div./Dept

Name___ Position/Title

Company Address

City Zone State

IMPORTANT

FOR OUR STATISTICAL RECORDS PLEASE CHECK THE ONE APPROPRIATE CATEGORY THAT
BEST DESCRIBES YOUR COMPANY OR DEPARTMENT. Failure to do so will delay your subscription.
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Ho uld they possibly
im e the standard ELCO
VARICON* Connector?

Introduce a vinyl-clad cover!

The state-of-the-connector-art again takes an
EvLco-motivated step forward! This time, it is with

the introduction of a new, standard size ELco VARICON®
Connector cover. UL approved, the cover is vinyl-clad both
inside and outside for additional insulation; yet

allows manufacturing speed-up and even faster

delivery cycles. And, as always, there is the singular

and reliability-proven ELco VARICON® Contact—available
in so many connector sizes and variations, with so many
accessories—for so many types of application, only

a Catalog could describe them. Request a copy now!

it it's new ... it it's news...it's from...

L]

ELLCO CORPORATION

Main Plant and Offices: Willow Grove, Pa., 215-0OL-9-7000; TWX 510.665-5573

ELCO-PACIFIC, W. Los Angeles, Cal.; ELCO-MIDWEST, Chicago, ill.; Representatives, Licensees,
*TRADE-MARK Importers and Distributors Throughout the World
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AVNET MARKETS MINIATURE CONNECTORS

Your requirements of miniature connectors can be met by Avnet's complete
stocks. In the Microdot line, for example, is included multipin connectors with
up to 61 power or 19 coaxial contacts in a plug with 114” o.d. microminiature
coaxial connectors and cable in 50, 70, 75, 93, and 95 ohm types; screw-on,
slide-on and quick-disconnect styles; right angle and straight plugs; receptacles
and jacks in bulkhead and cable configurations; coaxial, twinax and triaxial
cables (RG types approved to MIL C-17C).

Your Local Avnet Headquarters offers comprehensive marketing assistance —
including quick off-the-shelf delivery — on Microdot multipin connectors and
cable. There are 10 Local Avnet Headquarters:

I SAN DIEGO, CALIF., 714-279- |

1550; L0S mcms, CALIF., o |

1 213-Up 0.6141; SUNNYVALE, PN

| CALIF., 408-RE 6-0300; BELLE- ( I
VUE, WASH., 206-GL 4-491%;

I rpHoEniX, ARIZ., 602-273-1261; = PR R __l |
SALT LAKE CITY, UTAH, 801-

| 486-7566; CHICAGO, ILL., 312- THE AVNET SYSTEM |

I oL se160; SYRACUSE, N. Y., | Men/Methods |

] 315-454-3238; WESTBURY, L., | Materials/Management I
N.Y.,516-ED 3-5800; BURLING- AVNET ELECTRONICS CORP.

1 TON, MASS., 617-BR 2-3060 |

h——-———-—h————-———‘—-—————-ﬂ

EDITOR'S
MAIL BOX

EVER BREAK DOWN ON A
FREEWAY AND WONDER ‘NOW
WHAT? That's what the Airborne
Instruments Laboratory part of Cutler-
Hammer is looking into now. The
contract is from Highway Research
Board, National Academy of Sciences.
AIL will explore problems of auto
breakdowns on various and sundry
freeways, thruways, expressways and
other ways. They'll look into opera-
tion needs of communication system
and specs for road-side installations.

CB IN STIR IS SPRUNG BUT
unauthorized users stay inside, in
solitary, in fact. FCC Denver men
nosing around on an illegal radio
transmission wound up at Utah State
Prison. The good-hearted spouse of
an inmate, a CB licensee, had smug-
gled radio gear into him to amuse him-
self on state time. He sold the rig to
another con (no license). The call
letters were thrown in. The antenna
was made from prison junk yard
parts. The warden took away the
play toys whereupon the deprived went
into solitude for 30.

NEW YORK POLICE ARE GO-
ING INTO ELECTRONICS because
good artists are almost as hard to find
nowadays as are good engineers.
Somebody has come up with something
called an “imagemaker” says Joha J.
O’Neill, head of the city’s bureau of
criminal identification. A witness is
interviewed and description recorded
on a code sheet. The sheet directs
the operator of imagemaker to ap-
propriate slides which are inserted as
a group in a projector. The image
on a flexible mirror can be adjusted
with eight electronic motors to fit
details offered by the witness.

UNHEARD SENATORS SEEK HI-
FI—The age of horse—I'm sorry—
hoarse voices and shouting debates on
the Senate floor may bow to elec-
tronics. A senatorial group, fearing
misquotes or not being heard at all,
have resurrected a proposal to wire the
Senate chamber. The proposal calls for
mikes on each solon's desk and one on
the presiding officer’s podium. Father
of the idea is Jacob Javits (R.-N.Y.)
The idea is backed by a half dozen
others of both parties. A. Willis Ro-
bertson (D.-Va.) was misquoted (he
says) earlier in 1963 by a reporter in

l the press gallery high above.
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TODD
CUsToM
‘TRANSFORMERS

When the ultimate in quality and reliabil-
ity is required . .. when you can’t tolerate
downtime . . . when transformer consist-
ency is critical . . . then it’s high time to
specify TODD ELECTRIC transformers.
Here are only a tew reasons why they pro-
vide performance beyond the expected.

Rigid component quality control
Electronically controlled winding
Automated assembly

-
L]
[ ]
B Automatic electrical test procedures
at all stages

L]

]

[ ]

Accurate preduction scheduling as-
sures delivery you ctan count on.

Immediate attentiom on all inquiries
Send for catalog and data sheets

I &
v

TODD ELECTRIC
co., inc.

20 Harrison Avenue » Yonkers, N. Y.
914 YO 3-8850

Circle 87 on Inquiry Card
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EDITOR'S
AL BN

|
NEW YORK'’S FINEST IS USING
NEW RADIOS. About 1000 specially
designed two-way sets were ordered
from Motorola by New York Police.

| In addition, the order included eight
250-watt base stations, 10 control con-
soles, 50 portable sets and 88 monitor
receivers. For special requirements,
patrol car radios are equipped with
controls to operate on two frequencies.
One channel is for routine calls within
each borough.

COMPUTERS CAN DO IT! Thev
can tell you how safe your home will
be from radioactive fallout in a nuclear
attack. GE’s (GE-225) computer can
tell you what part of your home, barn
or other structure would give the best
protection. New York State Civil
Defense Commission is offering free
service to state residents based on the
computer. Many homes already offer
some protection. EDP could tell a
homeowner where to modify and
strengthen his home to increase the
safety factor.

A TALE OF TWO COMETS—OR
—WHERE IS MY WANDERING
ASTRONAUT? It's now old news
that our first astronaut, Comm. Alan
B. Shepard, Jr.,, was also first to go
into business. With NASA’s blessing
and his own money (not NASA's) he
took an interest in First National Bank
of Baytown, Texas. The world seems
to have little noted (save for Pravda)
that Soviet’s Maj. Gherman S. Titov
was already “een bjesiness.” Borscht?
Nyet. Caviar? Nyet. The “I am Eagle”
boy is on the editorial board of Sovi-
et's “Aviation and Cosmonautics.” He
is also assistant editor.

THINGS ARE GETTING A BIT
THICK, what with TV being the
way it is and all that. Now the Min-
istry of Agriculture and Fisheries (at
Lowestoft, of course) will be using
a Marconi TV camera on the sea
bed in order to study behavior and
breeding habits of fish. Seems a fish
erman must know where his fish are
before he can catch them, what? Unit
will be automatic, pressure enclosed
and without need for adjustments.
Fish experts will be able to study
fish and net activity as much as 12,000
feet from the ship. Camera will operate
without attention and gives excellent
pictures at very low light levels. Oh,
I say, Good show!

1963

MOST COMPLETE
LINE OF ELECTRONIC
HARDWARE

e Low Cost
¢ Fast Delivery
e Uniform Quality

PIN TERMINALS
RECEPTACLES ‘DISCONNECTS

LUGS AND TERMINALS

REQUEST BULLETIN NO. 612.
SEND B/P OR SPECS.
FOR QUOTATION.

mMANUFACTURING COMPANY

4037 W. LAKE ST., CHICAGO 24, ILL.
Circle 88 on Inquiry Card
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A Major Technological Advancement in Miniaturization
SWITCHCRAFT
“MICRO-PLUG"
AND
“MICRO-JAX"

1/25th the size of standard Switchcraft |
Plugs and Jacks, but with the same
Uniformity, Dependability and Quality.

Designed for and used on many types of
Electronic Equipment such as camputers,
data systems, business machines, tran-
sistorized portable radios and tape re-

corders.
SLEEVE TERMINAL
ACTUAL SIZE SN TIP TERMINAL
850 + 097" DIA
"’MICRO - ek
PLUG” ¢ T -
""MICRO-PLUG "’ Series 850 Lok
@ Only 1-1/64" long; 1/4” O.D. 8 29"
® Sleeve circuit cable clamp. . 64
@ Nylon insulation between tip and sleeve o A
circuit,
“MICRO-JAX" TR-2A 2 Din x 010 THICK
® Two-conductor single <|§sed circuit design. WASHER
Avoilable os o two-conductor open circuit -5 DIA
type. TR-2A 73 14 24 THICR NUT
@ Internally keyed nylon insulotion—mech- ""MICRO- L b§ il 0-48NS-2A
anically interlocks springs and solder lugs JAX" P it THD
—eliminotes shorts, &Rl 101 DIA
Y " i
Write for bulletin. L 14 Wy Sy A
g = THICKNZSS

ST LAY |

5599 N. Elston Ave., AVAILABLE AT ALL LEADING ‘

Chicago 30, Il
Canadion Rep.: Atlos Radio Corp., Ltd. ELECTRONICS DISTRIBUTORS

50 Wingold Ave., Toronto, Ontario, Can,
Circle 89 on Inquiry Card
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Computer TWIST-EX
Thermacouple Extension Wire -

Clear, clean control signals are now readily available when you specify Dekoron
Computer Twist-Ex thermocouple extension wire.

Twisted pair construction enables the EDP designer to increase wire density and
cJt installed costs substantially. Twisted pairs with total coverage shield of Mylar
tape with aluminum backing in contact with bare copper drain wire provides maxi-

mum electrostatic and electromagnetic noise rej=ction.
Dekoron Computer Twist-Ex is also availeble in

cables (lower left) of from 4 to 36 pairs per cabl2 in up

to 1000 ft. lengths. Wire insulation and cable jackets

are color coded to ISA standards. Engineered to Bighest

standards, Dekoron computer wire products assure

cleaner signals and lower installed costs. Samuel

Moore & Co., Mantua, Ohio. ’

SAMUEL AAMOORE |

LETTERS

to the Editor

Designing Equipment
For Foreign Countries
Lditor, ELECTRONIC INDUSTRIES

Sir, I have read with interest the
article on “Low Volume Manufactur-
ing in Underdeveloped Countries” in
the April, 1963, issue of EI. 1 should
like to make a few observations on a
related subject : the designing of equip-
ment for under-developed countries;
especially electronic equipment.

In an under-developed country (now-
adays the word “developing” is tact-
fully used), thousands of miles away
from the source of supply of the equip-
ment, the greatest bug-a-boo is the
availability or procurement of spare
parts. The local owner of foreign
equipment desires: (a) his equipment
to have the minimum number of com-
ponents, (b) use of such components
which are more or less of standard
commercial design, so that most of it
is directly interchangeable with those
of other makes, or whose near equiv-
alents could be available locally, or in
his country, ( use of components
which are more repairable than re-
placeable. That is, it should be dis-
mantleable for repairs. American com-
ponents are designed for replacement
rather than for repairs, obviously due
to the ease of availability of spare
parts in U. S. (The USA’'s is a self-
contained economy, oOr was—it is
slowly becoming international), and
the mass products are meant for in
ternal consumption ;: unlike the British
products, which are designed for ex-
port (“Export or Perish” slogan)
and in many cases specially designed
for a particular country (for example,
bicycles, with different widths of han-
dlebars, and heights, according to local
preference) . (d) fewer failures, that
is, high safety factor. Capacitors used
in a British transmitter have a safety
factor of 2 to 2.5, compared to 1.5 for
American units ; the latter giving trou-
ble in tropical high humidity and tem-
perature; (e) absence of “Gadgetary”
devices, and non-essential and intri
cate mechanical systems which need
high-level maintenance. One example
is push-button switches (in consoles
etc.). These get jammed, or fail me-
chanically, and they are difficult to re-
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HIGH DENSITY
RELAYS DELIVER
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These contact form C relays follow
signals up to 200 operations per
second without variation in timing.
Areavailablein single-side-stable,
bi-stable and chopper forms. Ad-
lake MWSA 16000 relays like the
one on the left are the only ones
you'll find anywhere molded in
epoxy. Though less expensive,
they stay cooler. Contain no wax
to overheat and run. Parts are
rigidly secured—no movement to
cause circuit noise. Epoxy is proof
against all caustics and solvents
except acetic acid. The metal en-
cased version on the right can be
grounded to assure magnetic
shielding. Use it where magnetic
interference is a special problem,
For more information, call Adlake.
And remember, Adlake makes
more kinds of mercury relays than
anybody.

ilake

RELAYS

The Adams & Westlake Company
Dept. 8812, Elkhart, Indiana
Phone Area 219, COngress 4-1141
Circle 91 on Inquiry Card
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LETTERS

to the Editor

pair and maintain, because of the aver-
age quality of the local operating and
maintenance staff. There is also the
tendency to fiddle. It should be under-
stood that technicians are not in every
case fully trained or qualified or ex-
perienced so as to reach the standards
prevailing in advanced countries; (f)

minimum maintenance, which should
be simple. Good accessibility. Use of
ordinary, standard tools and testing
devices: (g) design which has taken

care of local conditions: dust, heat,
high humudity, insects, tampering,
floods (floors go under water), safety
devices, absence of air-conditioning,
lack of transport, communications) ;
(h) instruction books written in
non-American and simple English (or
language), with basic theory, sim-
plified and block diagrams (intro-
ductory), solid introductory chapter
(teach and inform) lots of diagrams
and illustrations, expanded chapters on
operation and maintenance; detailed
tips and procedure on mainte
nance, maintenance schedule in tabu-
lar form, separate stage circuit dia-
grams suitable for framing: local
measures for tackling emergencies
(circuit modifications when parts are
not available, at least in low-power
stages), a list of equivalents and near
equivalents of components, instruc
tions on local rigging up of some es-
sential parts: in fact the instruction
book should be written from the point
of view of instructing the o. and m.
staff who are thrown back to stand on
their own ingenuity to tackle the prob-
lems that are likely to arise in keeping
the system running even when com-
pletely cut off from all material help
(and sometimes guidance) for long
[l('l‘iﬂtl\.

Equipment bought by developing
countries does not go out-of-date for
years. These are run much beyond
their average life, simply because
there is not enough money to modern
ize or buy new equipment unless it is
absolutely essential (even then there
is no money because there are so many
other top priorities in the devclopment
programmes, with FOOD at the top
of the list).

(Continued on page 144)
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Make

YOUR OWN

Snip Permanent Magnets
of any Shape from
Magnetic Plastic

A pair of scissors, a sheet of mag-
netic plastic and a magnet charger are
all you need to turn out¢ experimental
permanent magnets—on the spot. Even
complex and multi-pole shapes can be
made in a matter of minutes in the
convenience of your laboratory.

RFL does not make magnetic ma-
terials. But we do produce the equip-
ment to charge, measure and stabilize
permanent magnets of all types includ-
ing Alnico, cobalt platinum, sintered
barium ferrite and fine iron particle
materials—the most complete line
available. Take our Model 2470, for
example. Particularly suitable for
laboratory use, its variable, low-volt-
age output greatly simplifies magnet-
izing-fixture design, and the user can
construct fixtures himself quickly and
easily to accommodate a wide variety
of magnet shapes and sizes.

Write for Technical and Application Data

Kadio Frequency

LABORATORIES, )
Boonton, New Jersey, U.S.A.
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YOKE SPECIFYING PROBLEM? | 1 ETERS

ASK AN
EXPERT...

A SYNTRONIC

DEFLECTION

YOKE SPECIALIST

Since we make more types of yokes than anyone else, it’s natural enough for
our team of experts to know more about yoke design, application engineering,
and quality control.

Specifying can be a challenging problem, and with this in mind, we put our

experience at your disposal. Don’t hesitate to call or write us when you're
puzzled as to the right deflection yoke for your display.

INSTRUMENTS, INC.

®
5 ” Z ? 0”16 100 Industrial Road, Addison, lllinois
Phone: Area 312, 543-6444
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e 4500 volt peak flashover at 60 cps
e 10 ampere current carrying capacity
» Current carrying members heavily silver plated
o Kel-F stators and rotors * Steatite spacers
/ e Black anodized die cast aluminum support bracket
@9 ¢ Nylon detent wheel @ Stainless steel detent arm
= o Qil impregnated bronze sleeve bearing

FOUNDED 1933

. 2010 SWITER cokboRATIOD

h MARLBORO, NEW JERSEY e Telephone: HOpkins 2-6100
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. MODEL 80 SWITCH
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to the Editor

(Continued from page 143)

Purchasing spare parts from abroad
is a slow process, sometimes taking
one to three years from the time the
requisition is forwarded to the head
oftice. Then there is the persistent
shortage of foreign exchange, for
everything.

\merican equipment for the devel-
oping countries should be designed to
withstand years of ‘“rough” han
dling by inadequately-trained-and-ex-
perienced operating and maintenance
staff, under circumstances where there
is a perpetual shortage of spare parts,
in environments equivalent to field
conditions in wartime. In short, the
commercial equipment for export to
such countries should be up to mili-
tary specifications—to give a general
idea.

M. Hamid
15/4 Hatkhola Road
Dacca, East Pakistan

‘“New Consumer Products’
Editor, ELECTRONIC INDUSTRIES

I will attempt to answer the chal-
lenge thrown down by Mr. L. Berkley
Davis of General Electric in your
July Radarscope when he urged the
electronics industry to invent a new
home product to make life easier and
‘up our living standard a notch.” Try
these:

1. A low cost electronic oven.

2. An inexpensive converter to
show home movies through present
television receivers.

3. A low cost ultrasonic washing
machine.

4. A window ornament using static
electricity to collect house dust.

5. A more efficient yet lower cost
electronic heating system.

Here, now, are five prospective
home electronic products either not
yet existing or beyond the means of
the average working male, of which I
am one. | feel that there are many
such electronic items that should be
examined closely as to cost, such as
electronic ovens which retail for up-
wards of $1000.

R. L. Tubbs
407 Country Lane
Kokomo. Indiana
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SATISFY ANY MODULAR CONCEPT...FOR ANY
ELECTRONIC PLUG-IN EQUIPMENT. CANNON
Rack/Panel Plugs are designed to meet every con-
ceivable unit plug-in application. Whether micromin-
iature, subminiature, or heavy-duty standards, we
have a design to fit your exact requirements...with
up to 180 contacts in varied combinations such as
twinaxial, coaxial, standard, thermocouple, high volt-
age, and many others. Available with crimp snap in

TT =

NOW

(=] AN

December 1963

CANNON
RAGK/PANEL
PLUGS FOR

APPLIGATION

CANNON ELECTRIC INC.

3208 Humboldt Street, Los Angeles 31, California

ANY

contacts, the new Cannon Rear Release System, and
in solder pot versions—hermetically sealed, environ-
mental resistant, printed circuit, non-magnetic, and
custom engineered types. Whatever your application,
you get the utmost in reliability and space utilization
when you specify rack/panel plugs from CANNON,
the world's largest and most experienced manu
facturer of electrical connectors. For information
write to:

MPAN

CANNOI

@).PLUES

A SUBSIOIARY OF INTERNATIONAL TELEPHONE ANO TELEGRAPH CORPORATION
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CHRISTIE

SINCE 19239 ®

“ATTENDANT FREE”

BATTERY CHARGERS
FOR LEAD ACID - NICKEL CAD - SILVER ZINC BATTERIES

6 to 120 volt d-c Volt/Amp Regulation
3 to 125 amp Reduce Battery Heating
1% Regulation Extend Battery Life

Electric Vehicle, ‘ : y Silicon Rectifiers
All-Purpose and v Military & RFI Specs
Float Charging ! r N No Fan

Also 200 other Models of Power Supplies & Battery Chargers » Write for Catalog
CHRISTIE ELECTRIC CORP. 3408 West 67th Street, Los Angeles 43, Calif.
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Ultra-Stable — even in “rough” mobile applications

For additional JKTO-81 1.0 mc Oscillator: Prime frequency source

technical data, WRITE : x . A
tor vehicular or aeronautical single sideband and data

transmission equipment. Shock and vibration resistant
high-Q glass-enclosed crystal, oscillator-buffer, voltage
regulator circuitry plus full proportionally controlled
temperature control of package. Maximum required

PROQUCTS

THE power @ -40°C: 7.25 watts. Signal output: sine or
JAMES square wave. Daily aging stability performance: 5 X 10-9
KNIGHTS or better after initial 10 days.
COMPANY

SANDWICH, ILLINOIS

‘SOFTWARE, NEW APPLICATIONS
VITAL TO EDP GROWTH’

Advances in computer usage and
software made so far are minor com-
pared to what remains to be done,
said Isaac L. Auerbach, President of
Auerbach Corp.

He told some 1,500 management
people at the DPMA 7th [lectronic
Business Systems Conference in Phoe-
nix that computer hardware can meet
most new demands. Much remains to
be done, however, in methodology and
software techniques. These are the
key to the full exploitation of present
systenis.

“During the past year,” Auerbach
said, “emphasis has shifted from hard-
ware development to usage develop-
ment. Attention is now focused on a
whole new class of uses in which the
operations are both complex and
poorly defined.

He said that the chief area of ad-
vances in computer techniques will be
in software systems and methodology
needed to increase the use of equip-
ment in a few fields.

LOW-COST DATA COM. SYSTEM
ANNOUNCED BY UNIVAC

\ new high-speed data communica-
tions svstem has been produced by the
UNIVAC division of Sperry Rand.

The device is called UNIVAC Data
Line Terminal. It allows the low-cost
UNIVAC 1004 Card Processor to
transmit or receive business, scientific
and engineering data over telephone
lines.

UNIVAC president, Dr. Louis T.
Rader, said that the Data Line Ter-
minal makes it possible for one
UNIVAC 1004 to communicate with
another 1004. A 1004 can also “talk”
with the UNIVAC 1107 Thin-Film
Memory or UNIVAC 490 Real-Time
Computing Systems, both large-scale
computers,

TEMEC RELOCATED

Cubic Corp.’s Temec Div. has been
transferred from Van Nuys, Calif. to
Cubic’s 32,000 sq. ft. plant in San
Diego. The move was motivated by
the fast-growing market for advanced
tracking systems.

The new facility has an antenna test
range and a controlled-atmosphere,
temp.-stabilized room. The Division is
currently supplying specialized anten
nas, pedestals, pedestal control systems,
and airborne radar equipment for mili-
tarv and civilian uses.
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AUGAT

COMPLETE LINE OF

SOCKET ASSEMBLIES
FOR MICRO-MINIATURE
RELAYS
Combining Holding Clip And
Built-In Socket For Unmatched

Reliability Under Severe Condi-
tions Of Shock And Vibration.

HORIZONTAL MOUNTING \ \
(Solder Cup Contacts)

-
-~
o

.

HORIZONTAL PRINTED
CIRCUIT MOUNTING

: VERTICAL MOUNTING |

ﬂ (Solder Cup Contacts) |

N

. \‘

NEW COMPACT " .
DESIGN
HORIZONTAL MOUNTING

NEW WIRE-WRAP®
MINIATURE
@®Trademark Gardner-Denver Co.

These assemblies will accommodate
Micro-Miniature relays as manufac-
tured by G. E., Elgin, Sigma, Allied,
Potter & Brumfield, Clare, Iron Fire-
man, Babcock and many others.
For additional information, write for
catalog RS-160.

AUGAT INC.

39 PERRY AVENUE

ATTLEBORO, MASSACHUSETTS
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Dr. Robert L. Pritchard, head of Motorola’s
Semiconductor Division.

MOTOROLA’S PRITCHARD GETS
RADIO FALL MEETING PLAQUE

Dr. Robert L. Pritchard, director
of engineering for Motorola's Semii-
conductor Products Division, was pre-
sented with an award plaque at the
Radio Fall Meeting dinner on Novem-
her 12 in Rochester, N. Y.

Given each year to an industry fig-
ure for outstanding contribution to
the advancement of electronics, Dr.
Pritchard’s award represents an un-
broken chain of such awards that
hegan in 1941.

At the 35th annual Radio Fall
Meeting, sponsored by the Engineer-
ing Depattment of Electronic Indus-
tries Association, Dr. Pritchard re-
ceived the 1963 plaque for “his many
contributions to the national and in
ternational standardization of semi
conductor devices through active par-
ticipation in the work of the IEC
IEEE. and JEDEC.” The 1962 award
was given to Bernard F. Osbahr, edi-
tor of Electronic Industries magazine
for contributions to the industry
through the technical press.

. PRESENTED TO

L. PRITCHARD

i . AT THE
RADIO FALL MEETING

December 1963

WHAT
GASEOUS
DIELECTRIC
HAS...

[] high heat transfer

] high dielectric strength,
power to microwave frequencies

[] no dipole moment

[J unusual sonic properties
[J remarkable inertness

] high molecular weight
[J low condensation temperature
[] high compressibility

[J virtually unlimited life
[] colorlessness

[J odorlessness

[] non-toxicity

[] detectability

[J ready availability from
two producing locations

offers all of the above. This dielectric
gas has found successful application
in heavy electrical units, miniaturized
electronic devices and X-ray equip-
ment. If the unusual properties of sulfur hexa-
fluoride suggest other potential applications to
you, mail the coupon for our 22-page technical
bulletin.

Sk,

r ———

EI-123

llied
hemical

Baker & Adamson® Fine Chemicals
GENERAL CHEMICAL DIVISIDN
P. 0. Box 353, Morristawn, N. J.

Please send your technical bulletin on SF,.

Name

Title

Firm

Address

City. Znne State
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There is no transformer even

twice the size of the DO-T and
DI-T series which has as much
as 1/10th the power handling
ability . . . which can equal the
efficiency . . . or equal the re-
sponse range. And none to
approach the reliability of the
DO-T and DI-T units (proved
to, but exceeding MIL-T-27A
grade 4).

Rugged

....GOMPLETELY METAL CASED
High Powar Rating

...... up to 10 times greater
Excellent Response

...... twice as good at fow end
Low Distartion

................ reduced 80%
High Efficiency

up to 30% better, compare DCR
Moisture Proof

hermetically sealed to MIL-T-27A
Anchored Leads

will withstand 10 pound pull test
Printed Circuit Use

........ nylon insulated leads
Suited to Clip Mounting

...... use Augat #6009-8A clip

150 Varick Street, New York 13, N.Y.

PACIFIC MFG. DIVISION
3630 Eastlam Drive, Culver City, Calif.
“XPORT DIVISION
13 East 40th Street, New York 16, N. Y.
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RESEARCH IS ON TO FORECAST
AUTOMATION EFFECT BY 1974

In an effort to dig deeper into pro-
jected effects of automation on society
and industry by 1974, a two-year spe-
cial research program has been dis-
closed by the Diebold Group, a man-
agement consulting firm,

Sponsored jointly by more than 20
major U.S. firms, including most of
the major electronics and computer
makers, the program will explore fu-
ture changes held in store by automa
tion and data technology. The Diebold
Research Program aims at pin-point-
ing the course automation will take
during the next ten years and deciding
how we can prepare for it.

John Diebold, president of the
Group, said that two basic assumptions
underlie the study. Automation has
hardly begun ; technical changes in the
next ten years will make present “mod-
ern” systems appear then as the old
Model-T does now.

He said that we also assume that by
facing up to the major changes we
expect in ten years’ time, we can pre
pare and take advantage of automation,
and not be buffeted by waves of tech-
nology.

RADIO ASTRONOMY TO HAVE
CHANNEL 37 FOR 10 YEARS

The FCC has announced that Chan
nel 37 will be reserved for radio as
tronomy for the next ten years.

Present television service will not
be affected by the ruling, the Commis-
sion declared. In planned revisions of
UHF allocations table the FCC will
propose a substitute for Paterson,
N. J., where the channel has been
applied for.

Similar action will be asked of Can-
ada and Mexico, FCC said, and it will
recommend world-wide reservation.

EXPANDED TUBE MANUAL
PUBLISHED BY RCA

A new 544-page book of receiving
tubes published by RCA is now avail-
able from the company and from elec-
tron tube dealers at $1.25.

The newest RCA Receiving Tube
Manual, RC-22, is the largest issue
published by RCA, which calls it a
complete reference book. The manual
contains data on more than 1,000 re-
ceiving tube types. These include home
entertainment types of nuvistors, no-
vars, and others,

Data is provided also for television
CRTs, both black-and-white and color.

FROM

A SINGLE 3db

HYBRID
COUPLER

covers A =21 BanD

NOW . .. FOR THE FIRST TIME . . . a single
AEL model HCN, 100 Series, 3db HYBRID
COUPLER can be used to cover an extremely
wide band, and completely eliminates the
need for additional intermediate couplers.

SPECIFICATIONS
~
D , X
> S~ 7 & /8§
g &?E' ¥ 4D §
S ASNASTAL S

HCN101A | 0.1—0.5] 3+0.5 | 30 | 115
HCN102A | 0.2—1.0 | 3+05 | 30 ] 1.15

HCN103A | 0.4—2.0 ] 3+05 1 25 | 1.15

" HoN104A | 1.0—5.0] 305 | 20 | 1.25

Maximum insertion loss—0.1 db. Phase dif-
ference at output—90° at all frequencies.

Let us consult with you on producing HYBRID
COUPLERS for use in other bands than are
listed above. Contact your AEL Product Sales
Representative or write directly to AEL,
stating your requirements. Your inquiry will
receive prompt attention

A merican XEllectronic

Laboraiories, Inc.
P. 0. BOX 552C, LANSDALE, PENNA. 19446
(215) 822-2929 Suburbaon Philodelphia
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COMPUTER WINS CONTEST

Space engineer George Woodruff, right, may
have launched a technical fad by being first
to use EDP to win a national contest. His
entry had all 95,040 possible combinations,
making him the automatic winner of the con-
test put on by Onan Division of Studebaker.
Roy Mullin, Onan vice president, left, was
intrigued. He dropped in on Woodruff at Cape
Canaveral to find out how he got the data.
Woodruff won a 1500-watt portable electric
plant. Right rear is Robert Herring, data
technician for Woodruff's company, Space
Technology Labs. System used was a TRW 230.

WORLD'S EDP NEEDS WILL BE
HARD TO MEET, SAYS NORRIS

The world’s need for computers and
computing is “an appetite which will
be difficult to satisfy,” asserted Wil-
liam C. Norris, president of Control
Data Corp.

He characterized the computer in-
dustry as “explosive” and said that
only the world’s need for energy rivals
the world's need for computation and
data processing.

From a commercial standpoint, he
pointed out, the electronic digital com-
puter industry didn't start until 1952,
By the end of 1962 nearly $5 billion
worth of standard computer systems
were in operation in the U. S. These
systems then were yielding a yearly
gross income to computer firms in ex
cess of $2 billion

He predicted advances for EDP as
significant as those represented by the
move from the vacuum tube computer
to the solid state type during 1958 to
1960. Advances will come mostly
from engineering in new concepts of
machine design plus new wiring and
packaging schemes.

ELECTRONIC INDUSTRIES -

GENERAL ELECTRIC PLANNING TO INCREASE USE OF EDP

Leading non-government user of dig-
ital computers throughout the world
has disclosed plans to widen its lead.

The user—General Electric—is also
a major manufacturer of computers.
GE President Gerald L. Phillippe said
the firm would have 190 digital units
in place by mid-1964. Today it has
169. Ten years ago it had none.

Phillippe told the Data Processing
Management Association’s Interna-
tional Electronic Business Systems
Conference that GE would be spending

about $30 million yearly by next sum-
mer for computer programming.

The firm got into computer business
in 1956, when 12 people set up shop
in Phoenix. A year later, the staff
had grown to 177. The Computer De-
partment, based in Phoenix, now has
more than 4,000 on the payroll.

Nationwide, more than a million
persons are employed at making,
using and servicing computers in
government and industry, Phillippe
pointed out.

December 1963

OR
PUTTING
THESE
SYMBOLS

INTO WORDS: only 21 sizes of United Standard Electronic
Eyelets will handle an almost infinite range of your single-side and
double-sided PW board eyeleting needs! As a result, you'll save engi-
neering and specifying time and costs, simplify your purchasing pro-
cedures and reduce your inventories. Fewer sizes of setting tools will
be needed, so you'll reduce tool costs too.

FOR COMPLETE INFORMATION on
United Standard Electronic Eyelets (and
Eyeleting Machines), ask today for your
copy of Bulletin E-107—and for full
details on the new Standard Electronic
Eyelet Selection Kit, which contains
generous samples of all 21 sizes. Phone

the United Office in your area...or
write direct to Fastener Division,

United Shoe Machinery Corp.
2258 River Road, Shelton, Connecticut

United Eyelets
FASTENER DIVISION
United Shoe Machinery Corporation

SHELTON, CONNECTICUT

Branches: Atlanta, Ga. « Boston. Mass. « Chicago, . « Cincinnati. Clevetand, Ohio
« Dallas, Texas s Sun Valley (Los Angeles), Calif. « Lynchburg. Va. e« Milwaukee.
Wisc. e+ Nashville, Tenn. « New York, N.Y. « Rochester, N.Y. « St. Louis, Mo.

USM

Circle 103 on Inquiry Card 149



This regulated de power
supply has silicon transis-
tors. It 1s unconditionally
guaranteed for 5 years. It

costs $89 ($40 less than ,._
germanium supplies

The Silicon transistors in Con Avionics’
new HT (High Temperature) power supply
offer you several important advantages.
You can operate the supply in ambients of
75°C. (About the best you can do with a
comparable germanium module is 55°C.)
The HT has a response time of 10 microsec-
onds — some 40 microseconds faster than
most other standard power supplies under
$200. This quick response, aside from its ob-
vious advantages in many systems applica-
tions, will slash power supply cross-talk
problems.

Silicon will give you higher reliability and
longer life. We guarantee the HT for 5 years,
unconditionally, including transistors and
diodes. But you’ll run it much longer without
any trouble. It has a Mean Time Between
Failure of 25,000 hours—roughly more than
8 years of normal operation.

Like all Con Avionics products, the HT meets
Worst Case Analysis requirements. It is
built with pre-aged components and is itself
pre-aged for 100 hours before it is shipped.
In addition, it has a current limiting auto-
matic short circuit protection feature. It is
available in a wide variety of voltage outputs
and current capacities.

Germanium supplies that fit the same wat-
tage requirements sell for about $135 and up.
Until now, most silicon supplies cost about
$175 and up. Ours cost $89 and down. A let-
ter addressed to Frank Sposato will bring
you more information promptly.

SPECIFICATIONS Standard Model  "A” Model Input 105-125 v ac, 47 to 440 cps
Temperature 75 C ambient max.

Total Regulation (Line and Load) +0.5% +.05% ALL MODELS 90 C base plate max.

Ripple (rms max.) 10 mv 1 mv Response Time 10 microseconds

Temperature Coefficient .07%/°C .03%/°C ) Dimensions 4%4¢” H x 4%~ W x 5%~ D (Overall)

CONSOLIDATED AVIONICS CORPORATION « 800 Shames Drive o Westbury, L. I, New York « TWX 333-1097 (516) EDgewood 4-8400
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The Systems
Engineering
Section of
ELECTRONIC
INDUSTRIES

NO MIDDLE MAN

Engineers working on Rocketdyne F-1 and )-2 engines are aided by a
high-speed data system called RIDAP (Rocketdyne Integrated Data
Acquisition and Processing). Principal elements are a computer and a
microwave relay system. The system eliminates dozens of recording
charts and manual handling of information. Information is converted
directly from analog to digital computer form. The first information
on a test can be seen within 45 minutes after the test is completed.
Previously, it took as much as 2 days to complete information.

-
"

The National Bureau of Standards has devised a simple
troubleshooting system to be used on modularized equip-
ment. Designated FIST (Fault Isolation by Semi-Automatic
Techniques), the system consists of a small, hand-carried
general-purpose test unit, and special circuits and recepta-
cles built in as part of the prime equipment being tested.
The test set gives a green (good) or red (bad) indication
when plugged into each test receptacle. The operation can
test modules in any order with a uniform simple procedure.

Scientists at ITT Federal Laboratories are using an ex-
tremely sensitive IR telescope system to detect and map
stars with unexpectedly low temperatures. The system is
described as so sensitive that measurements were inter-
rupted by the heat from insects’ bodies as they flew past
the telescope. Interference was also encountered from air
currents rising from a cigarette being smoked 50 feet away
The system has revealel that many stars, far too faint to
be visible, are extremely bright at infrared wavelength.

An alarm system, for use at unattended facilities such as
microwave repeaters of substations, quickly and accurately
locates and identifies faults such as equipment failure. The
system sounds or lights an alarm at the central station
controlling the system. The specific cause may be identified
by switching the common alarm decoding equipment to
the address of the station signaling trouble. The system,
developed by Quindar Electronics Inc. can be supplied to
monitor up to 40 points.

ELECTRONIC INDUSTRIES - December 1963

ELECTRONIC
SUSTEMS

Scientists at MIT’s Research Laboratory of Electronics,
using a laser as part of an optical radar system, have de-
tected minute particles, presumably dust from meteoric
fragmentation, in the uppermost portions of the earth’s
atmosphere. The finding adds support to the theory that
very small meteors shower into the earth’s atmosphere
continuously and do not burn up, but instead fragment into
still smaller particles that eventually settle to earth. Con-
centrations have appeared in two regions—one around 50
miles and the other around 70 miles. These particles may
have some connection with noctilucent clouds found at
50-mile heights.

A system using freq. time pulse coded modulation techniques
and 50 to 60 relay satellites offers advantages over conventional
communications satellite approaches according to the Martin
Co. (Orlando). The random-access system provides 50 simul-
taneous voice, data (at 2400 bits/sec.) or voice-data combina-
tion transmissions, with direct service among systemn users with
in relay range of any given satellite. The system employs
RACEP (Random Access and Correlation for Extended Per-
formance) coded-pulse technique. Each user has a unique ad-
dress, and all use a common 12 »mc wideband freq. Two 15 ft.
dish antennas—one for communication and the other for super-
vision, search, and hand-over—are needed at ground terminal
Transmitter peak pulse power is 50w., with 1w. average power
requirement/channel. The ground transmitter peak power is
1 kw at a duty factor of 0.02. Since each transmission is a
pulsed signal with low duty factor, the average transmitted
power/channel is less than for CW signals.

PLENTY HITS, BUT NO SHELLS

A new electronic system solves the military training problem of firing
weapons at live targets and recording hits without using live ammuni-
tion. The system, Hit-Kill indicator, uses electronics and infra optics
for firing and recording. Firing consists of an infrared flash directed at
all targets on the field. Only one target, however, has a matching
ID code or pulse. This is flashed back to the firing weapon and is
picked up by its photoelectric telescope. When a hit is recorded, the
circuits within the ‘“destroyed” target are remotely turned off, and
the target is disabled. The entire cycle—aiming, locking, firing, and
kill—takes less than one-half second. The device was developed by
Aircraft Armaments, Inc.
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NEW TECHNICS IN
R-F ROOM CONSTRUCTION

What are the problems encountered

when building an r-f shielded room?

How are these problems overcome?

What types of shielded rooms are available ?

What have tests conducted on these rooms shown?
These and other pertinent questions are answered here.

NEW METHODS OF MANUFACTURING RFI SHIELDED
rRooMS have increased the difficulties of evaluating
their merits. Similarity of materials used in rooms
built for different purposes poses other problems.

Double electrically isolated r-f rooms, double
shielded cell type r-f rooms and even sound proof
rooms use similar materials. Why then is there such
a difference in the r-f shielding ability of each? They
all have a double wall of metal, but the main dif-
ference is in the seams or in the clamping method.

Although the seams would appear to present no
difficult problems, much time and money might be
lost if the basic principle of design in a good RFI
clamping method is ignored. It is important that
the relative merits of different types of clamping are
carefully examined.

This article will point out facts about clamping
based on a careful investigation of the clamping
methods of 3 types of rooms (Fig. 1).

152

Any shielded room which has a bolting system
directly connecting the outside and inside shields has
a built-in handicap if one or several bolts would
loosen ever so little. It is obvious that the type of
clamping in which no bolts penetrate the wall struc-
ture and connect outside and inside metal surfaces
is the most efficient construction. Analyzing degra-
dation of the 3 rooms (Fig. 1) based on informa-
tion from actual tests, it is obvious that more thought
must be given to the type of construction.

The very nature of the Double Electrically Iso-
lated room construction finally decides the issue. It
simply could not be an electrically isolated room if
the bolts penetrated the outside shield to the inside
shield.

Performance

Tests have shown the superior shielding perform-
ance of the Double Shielded Electrically Isolated

This 3 oz. solid copper
room was tested by the
National Bureau of Stand-
ards in Boulder, Colo-
rado,

By ERIK A. LINDGREN

President
A e
4545-17 N. Ravenswood Ave,
Chicago 40, |
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R-F Shielded Rooms represent a business of
$7,000,000 to $8,000,000 annually. Some 609%
to 70% of the sales are made directly to the
government.

The three principal types of construction are
described in this article. A number of the firms in
the industry will manufacture any one of the three
types of rooms to order, but each firm is primarily
identified with one type of construction. Lindgren
& Associates holds basic patents on the ‘‘Double
Shielded Electrically Isolated’’ Screen Room.

Room, over the entire electronic and magnetic spec-
trum,

Reports of these tests, conducted by independent
engineering labs, are available.

Ten years ago, in building an efficient double elec-
trically isolated room, all joints had to be continu-
ously soldered. Today these rooms are built in sec-
tions that can be joined without soldering with no
loss of shielding efficiency. This is made possible by
the patented construction and design of the joints
at panel sections, roof and floor.

Isolation is insulation and insulation is shielding.
In passing through a conducting sheet of metal such
as steel, loss of energy occurs when an electronic
wave travels through it. Total attenuation experi-
enced by the wave in passing through the sheet may
be divided into 2 components; (1) a reflection loss
which is the total of the reflection losses at each
surface and (2) a penetration loss which is pro-
portional to the thickness of the material.

Attenuation or performance of an r-f shielded
room is also influenced by the type of construction
used. All types of shielded rooms are only as good
as the joints. Measurement of signal attenuation of
an r-f shielded room is mainly the measurement of
leaks in the seams between 2 or 3 enclosure panels.
Thus a poorly assembled, double shielded room
might have only 40 db at 1000 Mc while a tight, well
assembled, single shielded room might have 100 db
at 1000 mc.

Single steel room used at Stanford Medical Center in Calif.

™

ELECTRONIC INDUSTRIES -
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DOUBLE ELECTRICALLY
ISOLATED

120 DB. FROM 15 KC. TO 1000 M
BAONZE SCREEN

CELL-TYPE I
Not Electrically Isolated

Y10 DB, TO 14 MC

Fig. 1: Three of the
most popular types
of r-f shielded rooms
currently in use are
diagrammed here.

SINGLE SHIELD

80 DB AT 100 W
BRONZE SCREEN

Construction & Design

Because good performance in any r-f shielded room
depends upon leak proof seams, construction and
design are of great importance. Fig. 2 illustrates the
patented joint constructions of a modern double elec-
trically isolated room. It shows that no metallic
paths or connections exist to provide a conductor for
any r-f signal from the outside to the inside. Fig. 3
shows methods of construction in which the bolts
extend from outside to inside.

If strength and rigidity were the only considera-
tions the construction used in Fig. 3 would be equal
to that used in Fig. 2. But conductivity is a more
important factor and here the type shown in Fig. 3
falls short. Any bolt penetration from inside to out-
side is a direct conductor for any signal when the
bolt loosens even slightly.

Figs. 4 and 5 demonstrate the importance of a
good clamping design. They show signal attenuation
of 2 different rooms over a range of frequencies.
They also record results of tests made by an inde-
pendent engineering lab in accordance to MIL-
STD-285.

Test Report #758 (Fig. 4) shows attenuation of
an r-f room with 2 shields of steel. Report $#957
(Fig. 5) is that of a single steel shield. The single
steel shielded room is superior because different
methods of clamping were used. The room tested
with results shown in Report #758 uses the method
of clamping shown in Fig. 3. Report #957 shows
that the method of clamping (Fig. 6) is most im-
portant and merits a more detailed examination.

(Continued on following page)
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Fig. 2: Patented Con-
struction of the Lin-
gren Double Shield-

ed Electrically Iso- =
lated Room. Panel f’\q)?;_}
construction permits gf}

f ' |

easy remodeling or
enlargement that
may be needed.

SIDE PANEL CONNECTION

The entire room with the single steel shield was
built without using any bolts except in the floor sec-
tions. Bolts were used there to secure the plywood
floor to the wall section. Seams were not soldered.
The Duo-Filter system used in this room has 120 db
attenuation from 15kc to 1000 mc, thus the drop
at 500 mc must be in the room itself. Probing the

WEIGHT OF SIDE
AND TOP PANELS
REST ON THE FLOOR

Fig. 3: Construction
of non - electrically-
isolated double
shielded room show-
ing bolts passing
through both shields.

Fig. 4: Chart of double shielded non-isolated, solid steel
room. This room uses the methods of clamping in Fig. 3 above.
] 2 4 601 % 4 681 2 36‘8! 2 4 681 2 4 681
[ TTIT T T cewetvee rooms | ||
ofSECTRICHELD | 1| 1 [l L. ] reane WAVE

||O i : ] JV :{ D;AFII;UMTOF msvauugn |

A 1 N (S 8 i |

100} f 1 ‘ } i i

2 90| [ I |

Z 80| ’ [ [

= 70! I | Al 4 -

- ‘ [

< 60/ AGNETIC 0 A

= 50| FIELD| 15 [ !

w 40—+ +4 ! { { 1 1

E 30: 18 L H Lol
o R N | D W REPORT NO.758 | ||
10— "I‘" b 4 + ..o' 8,1
[e])! | 1] l ] ] J |
00! ol 10 10 100 1000

FREQUENCY IN MEGACYCLES PER SECOND
154

room revealed that the seam around the floor was
leaking at the bolts where they penetrated the walls.
This explains the drop down to 106 db at 1000 ac.

We might thus assume that if the top and sides
had been fastened together with bolts as the floor
was fastened, the overall attenuation would be be-
low 80 db, at 1000 mc.

Logical explanation of why in this case a single
shield was superior in performance to a room which
had a double shield is that each bolt which goes
from the inside to the outside represents a possible
r-f leak if the bolt is loose or if 2 bolts are drawn
tco tight. In this case a bow is created in the panels
making a -gap, or leak shield.

Design shown in Fig. 2 permits no bolt to pene-
trate from the outside shield to the inside shield.

The chart in Fig. 7 shows test results of a double
shielded electrically isolated bronze screen room.
This room has attenuation of 120 db from 15xc to
1000 mc. (Attenuation of 120 db shown in charts
accompanying this article was probably greater since
this figure was the maximum limit of the instru-
mentation used.) Actual tests reveal that all rooms
have an inbuilt handicap if bolts penetrate from the
inside to the outside surface of the shield. By com-
parison, in this same report, the cell-type room shows
attenuation falling below 100 db at 1000 arc and as
low as 87 db at 400 mc. Most rooms will have
120 db attenuation for frequencies from 15kc to
150 Mc, if erection is correct. However, for fre-
quencies of 450 Mmc and higher a bolting system
which does not permit direct metal contact by bolts
bonding the inside and outside shields is definitely
indicated. This is also true below 15kc.

In every test for the last 10 years the attenuation
difference between the electrically isolated and the
non-isolated room has shown the superior shielding
provided by the former. This is substantiated by

Fig. 5: Chart of single - shielded steel room. This room is

superior to that of Fig. 4 because of different clamping.
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Table 4, pg. 9 of Naval Research Laboratory Report
3908, Nov. 14, 1951. See Fig. 8.

In this report comparative tests of a cell type room
and a double isolated room are described. Results are
indicated by (X) chart A, showing lower attenua-
tion for the double shielded room., Openings for
light and ventilation in the latter were covered by
hardware cloth dipped in a copper plating solution.
Shielding effectiveness of this material was chal-
lenged, as noted in the report. “It was suspected that
if ordinary bronze fly screen had been used over the
openings in the double shielded room, in place of
hardware cloth, the overall shielding effectiveness of
the room would have been better. The hardware
cloth over the door opening, about 8 x 10 in. was
replaced with bronze screening to test their conten-
tions and the leakage as measured in the center of
the room again was found at 3 frequencies. Table 4
summarizes the results and indicates that fly screen
is superior”-—(X) curves (O) and (X) on chart A.

Improved attenuation obtained by the substitution
of wire screen over the openings of the double
shielded room when added to the curve (X) makes a
new curve (1) that shows the superior attenuation
of the double shielded room. Even the most cursory
comparison of engineering appraisals will point out
the superiority of the construction covered by patent
#2,765,362 (issued in 1956) and shown in Fig. 2.

Improvement Continuing

Improvement is continuing and at present double
electrical isolated rooms built with 24 oz. copper and
24 ga. steel attain an attenuation of 36db at 60 Cycle
magnetic field, 100 db at 15kc and 120 db at 1000 mc.

Most rooms have the same attenuation of 120 db
(limit of Instrumentation) in the electric field from
100kc to 30 Mc but this does not mean that they all
have the same attenuation at other frequencies. In
the magnetic field at 15xc there is much difference
and this difference is of extreme importance.

It is probably safe to state that out of thousands
of r-f rooms existing in the U. S. there are less than
10 that can claim 120 db attenuation at 10,000 Mmc.
Engineering reports have indicated and field use has
confirmed that it is impossible to get 120 db at 10,000
MC with any screen shielded room. It requires a
particular type of construction and a solid copper r-f
shield to achieve this attenuation at this frequency—
a real accomplishment.

A REPRINT OF THIS ARTICLE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila.. Pa. 19139
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Fig. 6: Construction
and method of clamp-
ing of single shield-
ed room covered by
Report No. 957.

Fig. 7: Chart shows attenuation at various frequencies of Double
Shielded Electrically Isolated Room compared with Cell type.
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Fig. 8: Chart is a comparison of the attenuation curves for
the double-shielded and cell-types of room. Table is above.

Comparison of Hardware Cloth with Bronze Fly
Screen in Door Opening

Improvement in Attenuation Real-
ized by the Use of Bronze Screening
Frequency (db)
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The stability of a body in motion can best be eval-
vated when interfering forces are severe enough
ta test its structure or divert it from o pre-established
direction. A corporation is a body of people in motion
and its stability is measured by planned achievement.

As a corporation NCR has been tested for more than
79 years. Throughout this period, direction has been
maintained and objectives achieved. The objective of
NCR? Befter systems for business. This singleness of
purpose with balanced diversification has led to growth
and the TOTAL SYSTEMS concept. The products and
services of NCR, made possible by practical research

STABILITY

and development, are respected throughout the world
in 120 countries.

Research and development at NCR is broad ond re-
flects a seriously considered investment of past years.
Plans for future expansion of facilities reflect a faith in
the stability of the Company and in the devoted talents
of the NCR men of science who will add impetus to the
averall plans.

The stability of NCR is conducive to the advancement
of career-minded scientific and engineering personnel.
Creative efforts are rewarded with responsible chal-
lenging work. Professional individuals ot NCR find the
personal stability, understonding and encouragement
required for growth.

If your professional background is such that it has
prepared you to contribute to the fields of solid state
physics, electronics, chemistry or mechanics, as applied
to EDP systems, contact us. Your qualifications will re-
ceive careful consideration.

T. F. Wade, Technical Placement
The National Cash Register Company
Main & K Streets
Dayton 9, Ohio

NCR

an equal opportunity employer
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PROFESSIONAL GUIDELINES

Reporting late developments affecting the
employment picture in the Electronic Industries

RECRUITING STUDY REVEALS HOW FIRMS HIRE ENGINEERS

Some 131 U. S_ firms recruited near-
ly 25,000 engineers and scientists in
1962, according to a report on hiring
practices issued by Deutsch and Shea,
Inc.

The study, Technical Manpower Re-
cruitment Practices, covers size,
makeup and background of the re-
cruiting staff. It also goes into re-
cruiting methods, specific hiring deals
such as paying moving costs, and some
forecasts by managers of future trends
in hiring technical people.

The average organization hired 189
technical persons during 1962, accord-
ing to the study. More than half ex-
pect to have added even more technical
people to their staffs by the end of
1963. Few changes or new ideas in
hiring methods are foreseen. Some
managers predict more precise ap-
proach to filling professional jobs.
Some see greater individual attention
given to each job prospect.

Most used methods are employee
referral programs, newspaper and
technical journal ads, field trips and
agencies. Other methods, such as re-
cruiting at conventions, direct mail
and career centers, did not rank high.

Great time lags in dealing with
prospects continue, as job-seeking en-
gineers and scientists complain. Some
firms are able to react fast in deciding
and contacting applicants. A greater
number, though, reports that it takes
several days to answer a prospect’s
first contact with the firm. There fol
lows a usual ten-day period or longer
to take action.

Paying costs of moving the house-
holds of new professional employees
is universal among participating firms.
About 48% also pay for travel to the
company area by husband and wife
before moving. Some also pay living
costs for families while they wait for
househiold goods. Most firms assist
hirelings in finding housing. Less
than 39% have programs to help new-
comers adapt quickly to their new
surroundings.

Only about 17.9% of all recruiters

ELECTRONIC INDUSTRIES -

have engineering or scientific back-
grounds. The rest are from manage-
ment, personnel and industrial rela-
tions backgrounds. In 1962, the aver-
age recruiter hired 45.6 technical
people. Most are the product of in-
formal training within their firms.

NAVY TRAINING STUDY

Brooklyn College freshman George Glick sets
scope trace of new training device in study
for Naval Training Devices Center. Dr. Edwin
M. Hudson, Otis Elevator’s Defense/industrial
Division, looks on. Study seeks training sys-
tems that can adapt themselves to efficiency
level of human operator. An instructor can
pre-set more than 34,000 performance char-
acteristics of a real or imagined vehicle.

GRAD ENGINEER WAGES RISE
AS SCIENTIST PAY DECLINES

Average salaries in 1963 for science
graduates from University of Detroit
dropped $17 to $488 a month, while
engineering graduates averaged $604.

Starting salaries for Detroit science
grads have fallen since 1961. Yet,
salaries for engineer graduates have
steadily risen year by year since 1954,
according to the University's place-
ment report.

Top factors in selecting a position
were salary and location. To engineer-
ing graduates, location meant climate,
recreation and educational opportun
ities. Geography was not important.

December 1963

Design Engineers
Development Engineers
Administrative Engineers
Engineering Writers
Physicists
Mathematicians
Electronic Instructors
Field Engineers
Production Engineers

ELECTRONICS COURSE OFFERED
TO SCIENTISTS, ENGINEERS

An intensive two-week course on
the principles of electronics for grad-
uate scientists and engineers (other
than electronic) will be offered by the
University of California January 27
to February 7, 1964 in San Francisco.

Presented by the University’s En-
gineering and Scientific Extension, the
course will also cover the use of elec-
tronic instruments and systems in re-
search.

The course is aimed mostly at the
scientist or engineer who must know
something about electronic systems and
circuits but whose formal training is
in some other technical field.

For more data, get in touch with
the Extension, University of Califor-
nia, Berkeley, Calif., 94720.

TWO UNIONS VOTED OUT
BY ENGINEERS' BALLOT

Two engineer unions were put on the
skids by somewhat unexpected ballot
results in two major electronics firms.

After more than 20 years of union
affiliation, engineers at Westinghouse
plant in Lima, Ohio, voted out their
independent union. At the same time
RCA engineers at Burlington, Mass.,
rejected an organizing bid from the
Association of Scientists and Profes-
sional Engineering Personnel Union
(ASPEP).

Westinghouse engineers, after a
number of meetings with various pro-
fessional groups and chapters, dumped
their Lima Westinghouse Salaried Em-
ployees Association by a 181 to 118
vote out of 330 engineers.

As 53 RCA engineers voted “yea,”
288 said “nay” to ASPEP. The union
still represents some 1,600 RCA men
at the firm’s Camden and Moorestown,
N. J., plants.

FOR MORE INFORMATION . ..
on opportunities described in this sec-
tion fill out the convenient resume
form, page 158.
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The ELECTRONIC INDUSTRIES Job Resume Form for Electronic Engineers

Name

Street
Address

City State

[ Single {J Married {J Citizen {J Non-Citizen Date of Birth

Will Relocate (] Yes [(J No. If Yes ([JAnother City ([J Another State

Salary Desired to Change Jobs in present area

Salary Desired to Change Jobs and relocate in another area

Professional Memberships

College or University Major

RECENT WORK EXPERIENCE
Company Biv. or Dept.

SIGNIFICANT EXPERIENCE AND OBJECTIVES

STATE ANY FACTS ABOUT YOURSELF THAT WILL HELP A PROSPECTIVE EMPLOYER EVALUATE YOUR EXPERIENCE
AND JOB INTERESTS. INCLUDE SIGNIFICANT ACHIEVEMENTS, PUBLISHED PAPERS, AND CAREER GOALS.

Mail to: ELECTRONIC INDUSTRIES—Professional Profile—56th & Chestnut Sts.—Philadelphia, Pa. 19139
This resume is confidential. A copy will be sent only to those Companies whose number you circle below.
800 801 802 803 804 805 806 807 808 809
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To BECOME A PROFESSIONAL ENGINEER we must first
know what we mean by the expression. A model law,
prepared by professional practitioners to assist state
legislatures in formulating a snitable statute for their
particular commonwealth, offers this definition: “The
term professional engineer (P.E.) means a person
who, by reason of his special knowledge of the mathe-
matical and physical sciences and the principles and
methods of engineering analysis and design, ac-
quired by professional education and practical experi-
ence, is qualified to practice engineering as attested
by his legal registration as a professional engineer.”

The same source goes on to say that the practice
of engineering means any service or creative work
requiring engineering education, training, and ex-
perience for assuring compliance with specifications
and design.

Motivation

We recall from courses in general psychology that
niotivation is that which incites an individua) to act.
Most individuals, once they know what is meant by
the term, would quite naturally react with the ques-
tion, “Why become a professional engineer*’ So
let's try to resolve that issue right now.

The state is charged with the protection of life,
health, property, and rights. Three professions—
medicine, law, and engineering—are primarily en-
trusted with the responsibility incident to such ac-
tivities.*

No one ever questions why a doctor or a lawyer
needs a state license to practice: probably because
such professionals usually operate as individuals or
in very small groups, and thus their responsibility to
the public is readily understood. Most engineers, at
least most electrical and electronic engineers are
employed by large corporations, and their responsi-
bility is not so apparent.

In most, if not all, states, those engineers that are

*NEXT STEP . . . REGISTRATION. a pamphlet published by
the National Society of Professiuvnal Engineers.

ELECTRONIC INDUSTRIES -« December 1963

BECOMING A
PROFESSIONAL ENGINEER

Not knowing what the future holds,

electronic engineers would do well

to obtain a license to practice

before the public for added flexibility.
Licensing requires some work by the engineer,
but it certainly is not beyond his reach.

This article will point the way.

in business for themselves are required by law to he
licensed—or to have licensed a senior member, re-
sponsible for the firm’s activities—before they can
engage in siuch practice.

To put it in simpler terms, an engineer should
register to:

1. Receive authority to practice his profession he-
fore the public.

2. Establish his professionai standing on the basis
of legal requirements.

As we have stated, the law requires only those
offering their services to the public as professional
engineers to register. But, engineers in employment
not requiring registration have no assurance that
they will always be in such a position. Therefore, it
behooves them to obtain legal recognition.

Completing a project is always easier if it is prop-
erly planned and organized at the outset, rather than
when half completed. Therefore, the planning to
qualify for legal registration should be done early.
If possible, this planning should be done in the last
year of formal education. But, this is not a necessity.

Requirements

Registration has only three requirements—educa-
tion, experience, and examination. Most of us are
inclined to think that education is merely the formal
technical training for our specialty. But, to be a true
professional. we must be familiar with the humanities,
as well as the technical; and discipline ourselves to
an accepted code of conduct.

Table 1 is a suggested code of ethics for the engi-

By RICHARD G. STRANIX

Pa. State Reg. No. 6971
International Resistance Co.
1 N. Broad St.
Philadelphia, Pa. 19108
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PROFESSIONAL LICENSING (Continued)

neering profession. Since subscription to such a code
is not an easy matter, the principles must be part of
an individual’s way of life.

We mentioned earlier that prior planning facili-
tates action, and indicated that the senior year of for-
mal education was an ideal time to start. Actually,
many states have engineer-in-training programs
which permit the theoretical portions of engineering
examinations to be taken around graduation time,
when the material is fresh in the individual’s mind.

After acquiring the experience deemed necessary
under state law, generally four years, an engineer
who has completed the theoretical requirements for
registration need only demonstrate that he has ob-
tained the requisite experience to obtain his certificate
as a P.E. But experience means more than just a
period of time. It must include the application and a
working knowledge of the principles learned in for-
mal education. And,
ance of a qualified engineer.

The other requirement—examination—is the vehi-
cle used for measuring the capabilities of large num-
bers of applicants in a reasonably short span of time.
Most professional licensing boards would prefer,
I am sure, to grant licenses based on an individual’s
proven accomplishments. However, in today’s vast
society this is practically impossible. Therefore, most
states have resorted to the written examination. This
examination is to evaluate the applicant’s ability to
apply his technical training in practical situations.

this must be under the guid-

How to Register

Now to the actual mechanics of registration. First,
I would suggest that your state board of professional
licensing be contacted for details. A complete listing
of these boards is contained in Table 2. (Continued)

TABLE 1

CODE OF ETHICS
OF THE ENGINEERING PROFESSION

It shall be considered unprofessional and inconsistent
with honorable and dignified bearing for any Professional
Engineer:

1. To act for his client, or employer, in professional
matters otherwise than as a faithful agent or trustee, or
to accept any remuneration other than his stated rec-
ompense for services rendered.

2. To attempt to injure falsely or maliciously, directly
or indirectly, the professional reputation, prospects, or
business of anyone.

3. To attempt to supplant another Engineer for em-
ployment by the use of unethical practices.

4. To compete with another Engineer for the same
client, except with the knowledge of such Engineer or
unless the connection of such Engineer with the work
has terminated.

5. To attempt to obtain or render technical services
or assistance without fair and just compensation com-
mensurate with the services rendered.

6. To advertise in self-laudatory language, or any
other manner derogatory to the dignity of the profession.

7. To attempt to practice in any field of engineering
in which the registrant is not proficient.

ELECTRONIC INDUSTRIES +« December 1963



a man
likes to
know

where he’s

headed

You are the best judge of your own
talents, your ability, your job interests.
Collins offers you an opportunity to
grow in the arezs of engineering which
best match your capabilities and which
will give you the most satisfaction and
sense of accomplishment.

It isn't always easy to find oppor-
tunities like this. Perhaps you've felt
restlessness from not being able to make
full use of your talents. Maybe you've
found yourself z0ing off in a direction
which held no particular interest for
you. Or which didn't challenge your
ability. Or spark your imagination. Or

ELECTRONIC INDUSTRIES -

December 1963

get you excited over the potential and
possibilities.

Whatever your engineering interest
might be, we'd like to talk with you.
We make this broad statement because
the scope of our work is broad. The
challenges presented in such diverse
fields as Space Communication, Data
Processing, Avionics, Microwave, An-
tenna Systems and HF, VHF and UHF
Communication to mention a few, offer
you creative opportunities in every area
of engineering activity.

If you'd like to get your career back
on course, or if you'd like to be assured

Circle Number 802 Professional Profile, page 158

of heading in the direction you've
already chosen, Collins offers you an
opportunity to do so. Write in confi-
dence to our manager of professional
employment, Dept. 120.

COLLINS RADIO COMPANY
Cedar Rapids, Jowa e Dallas, Texas

Newport Beach, California

172\

OLLIN
=/
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»

An equal opportunity employer
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" ' PROFESSIONAL LICENSING (Continued)
N Ew ' , When details are received from the state hoard.
: . : | recent graduates should plan their careers to get the

VIBROTEST® TABLE 2

. |
MeQOhmmeter d [ STATE REGISTRATION BOARDS
: ALABAMA State Board of Registration for Professional Engineers and Land
3 Surveyors, 711 High St., Montgomery 5, Ala.
o e b | AU\SD‘(\I: State Board of Engineers and Architects Examiners, Box 854, Anchor-
3 age, Alaska
ARIZONA State Board of Technical Registration, Room 403, 128 N. 1st Ave.,
Phoenix, Ariz.
. ARKANSAS State Board of Registration for Professional Engineers, P. 0. Box
175, Pulaski Heights Station, Little Rock, Ark.
) ] { CALIFORNIA State Board of Registration for Civil and Professional Engineers,
. ‘ 529 Business and Professions Bldg., 1020 "N'’ St., Sacramento 14, Calif
M . ' | L X F(EI\N(;\LBZONzizaBuaBrd'buf l:‘eg_is':;ati%n fulr ZArchitects and Professional Engineers,
s ox , Balboa Heights, Canal Zone
easures l’eSIS ance b ONLY COLORADO State Board of Examiners for Engineers and Land Surveyors, 20
10.000.,000 h 250 CONNECTICUT “State Board of Regi for Prof IE
ate Board of Registration for Professional Engineers and
to 7 7 mego ms fob Chicogo Land Surveyors, 30 Oak St., Hartford 6, Conn.
[s)ELAWARE l?ta[te leof‘rds of vl;elgistration fulr Professional Engineers and Land
. 3 urveyors, . 12th St., Wilmington, Del.
versatile- accurate -reliable advanced features DISTRICT OF COLUMBIA Board of Registration for Professional Engineers,
1740 Massachusetts Ave., N.W., Washington 6, D. C
dual test voltage...500 vdcand S0vdc e constant test voltage FLORIDA State Board of Engineer Examiners, 408 John F. Seagle Bullding,
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Engineers/Scientists...like to share
in the Genesis of significant new
computer techniques?

...like Magnetic Logic for an Astronaut

‘Conceiving and developing novel
and advanced computer techniques
and systems is standard procedure
at Burroughs Laboratories.

The midget computer— D210 —
(briefly described to the right) — is
one recent example. Another is
Burroughs' new, large scale com-
mand/control multi-module proc-
essing system —D825. This carries
on parallel computation, controlled
by automatic programming and is,
infact, the first totally modular proc-
essor.

Engineers at the Laboratories find
our friendly, informal atmosphere
conducive to creative work of this
calibre. Here a man is associated
with cooperating groups but, at the
same time, finds management doors
always open for the discussion of
original ideas.

THERE ARE OPPORTUNITIES
TODAY ACROSS THE SPECTRUM OF
COMPUTER TECHNOLOGY

SOME IMMEDIATE OPENINGS:
Assignments Requiring Deep Experience
(7-10 Years] and BS or Advanced Degree.

Command & Control Systems—Create and
apply state-of-the-art data processing tech-
niques to c/c systems using nuclear instru-

mentation. Also opportunities to apply to c/c systems latest
techniques in radar, intelligence gathering, missile & space

vehicles, communications.

Analysis-Advanced Computer Systems — Preliminary design
of computing equipment for use with advanced systems

concepts.

Burroughs

@

Logic in this computer Is physically imple-
mented with a device resembling the core-
rope fixed memory but distinguished from it
by certain novel characteristics. Designed
for an astronaut's cabin, this magnetic com-

puter fits into a breadbox, weighs only 19
Ibs.. but can solve guidance and control
equatians at lift-off, in orbit and at re-entry

al minimum 1-kc rate.

Systems Integration —Develop new con-
cepts in this area for application to broad-
base c/c system. Minimum 5 years' experi-
ence as supervisor or staff consultant.

Assignments R(:lg_uirinq BS and Minimum
of 3 Years” Applicable Experience.

Control Systems Analysis — Emphasis on
applications in guidance, navigation, etc.
(Senior & Intermediate positions)

Logic Design—Specification & detailed
logic design of special purpose digital data
processing systems. (Several levels)

Digital Circuitry—Design and development
of solid state circuitry; circuitry for peri-
pheral equipment; ferrite memories.

Analysts—AE, EE, ME, Math, Physics. Spe-
cialized experience in one or more of the
following: (1) radar data processing; (2)
powered flight simulations; (3) guidance
equations utilizing know-how in guidance
systems, missile dynamics, trajectories:
(4) statistical data on performance & track-
ing of satellites and missiles.

Also a Number of Senior and Intermediate
Level Openings in the Following Critical
Areas:

Electronic Circuit Design; Value Engineer-
ing; Evaluation Engineering; Performance
Analysis; Environmental Testing; Equip-
ment Test Coordination; Failure Analysis;
Electronic Packaging; Specifications;
Maintainability & Reliability Engineering
(planning & implementation); Quality
Assurance; Equipment Integration (resolv-
ing interface problems).

Why not find out more about these unusual positions —
and the attractive locations of Burroughs’ facilities in

the famous Philadelphia Main Line suburbs?

Please write in confidence to Burroughs Laboratories,
Depi. 536-C, P.O. Box 782, Paoli, Penna.

—on Philadelphia’s Main Line.

Burroughs Corporation

"NEW DIMENSIONS/ IN COMPUTATION FOR MILITARY SYSTEMS"
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An Equal Opportunity Employer
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LUGS-CLIPS-TERMINALS

LOCKWASHER
TERMINALS

L 1 'U!
s ) |

~ ik e iy
|

STANDARD ELECTRI-

THE TERMINAL THAT'S CAL PARTS delivered

A LOCKWASHER . . .

for permanent con- F A s T '

nections that stay T

permanent Lugs ® Clips ® Terminals
100 types and Wire Forms from Stock

sizes—all Send for your copy of the new
metals Zierick catalog No. 23 TODAY!
Immediate

delivery

ZIERICK MANUFACTURING CORP.
106 Beechwood Avenue, New Rochelle, N. Y. o NEw Rochelle 6-8520
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CABLE HARNESSING
Now 4 Snap!

END CLIPS JUNCTION POSTS ASSEMBLY CLIPS
Hold terminal wire “Build" any junction Just snap wires into
ends securely while you need with these place—clip closes
other wires are laid. quarter-round mod- over wire preventing
Wires slip in and out ular Junction Posts release while harness
in a jiffy. is built up.

NEW WECKESSER SYSTEM

Just mount these Weckesser Harnessing Components on your
present wiring boards and you're ready to build pre-formed harness
faster, easier than ever before. Wires are held in neat, compact
bundles right up until clamping or tying. Simply peel off harness
and you're ready for another. Four sizes for cables from %
to 2” diameter.
Write today for complete details and prices
Pot. Applied For

- IS COMPANY, Inc.
5711 Northwest Highway ] Chicago 46, lllinols
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PROFESSIONAL LICENSING (Concluded)

needed experience as soon as practicable. Other en-
gineers should perform a candid self-evaluation to
determine if they honestly measure up to the require-
ments. If they do not, they must then plan and take
steps to become qualified. If they do meet the basic
requirements, 1 would suggest that they contact a

| local engineering college to see if that institution

offers refresher course for the P.E.'s examination.
Sometimes this information is supplied with the de-
tails from the state board. Many of the engineering
schools cooperate with the state boards in holding
the examinations and offer the special sessions to
better prepare an applicant for the formal examina-
tion. If truly qualified, an applicant does not neces-

| sarily need a refresher course. However, most prac-

ticing engineers have a specialty, and the refresher
courses materially assist them in those areas where
they are not too familiar due to lack of contact.
Preparing the Application

All too frequently engineers, when asked to men-
tion what their job entails, tend to be vague in describ-
ing their responsibilities. In preparing an applica-
tion, one should give the desired information in as
much detail as may be indicated, and be as specific
about actual activities as possible. But, applications
should reflect facts and not be verbose.
Preparing for the Examination

There are many good reference books available on
preparing for the P.E’s examination. These books
go into much detail. One word of caution in pre-
paring for the examination (this applies to almost
any major test)—avoid cramming. It is better to
schedule a definite period of time each day for sev-
eral weeks and to establish definite objectives for
weekly accomplishment. Finally, a good night's rest
before the examination is essential.
Taking the Examination

As proctors have always told examinees, it is highly
advisable to read an entire examination before at-
tempting to answer any of the particular require-
ments. Then, attack the familiar problems first.
Solving several familiar problems will get you in the
proper frame of mind for attempting the more difh-
cult ones. In this way you will avoid getting the idea
that all the problems in a test are difficult should
you experience extreme difficulty on the first one
or two.

Bibliography
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LET ZERO SOLVE
YOUR PACKAGING PROBLEMS

deep drawn
aluminum and
magnesium boxes
and covers

18,000 standard
sizes and shapes —
no tooling cost!

Choose from more than 18,000 standard sizes
and shapes ... large and small ... rectangu-
lar, square and round...pay no tooling
charge! Fast delivery—usually from stock. All
can be trimmed, modified and customized to
your specifications at lowest cost... acces-
sories, handles, brackets, latches, etc., added
.. holes and louvers punched. Complete
paint facilities, too. Send print or contact
your Zero sales engineer for quotes on cus-
tom drawn parts using exclusive
“Zero-Method."

write today for new

32-page zero ".. /
lm stock boxcataloy \/

ZERO MANUFACTURING CO.
1121 Chestnut Street, Burbank, California
Telephone Victoria 9-5521 area code 213

TWX 213-846-8094

Factories in Burbank, Calif. & Monson, Mass.

Circle 110 on Inquiry Cord
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MOLECULAR TV CAMERA

Westinghouse TV camera weighs only 27
ounces and is intended for space and military
use. Believed to be lightest and smallest ever
built, the unit uses a one-inch vidicon. Key
to its light weight, small size and low power
is “molecular electronic”" circuitry. Camera
uses only 4 watts power.

INDUSTRIAL AREAS
BUILDING

1 8228888382288 4883 6.6 4
Available! Ultra-Modern

Air Cond. One Story
19,400 Sq. Ft. Bldg.

SUBURBAN PHILA., PA.

5 Acres. Near Penna. Turnpike
N. E. Ext. Tailgate loading. All
utilities. Fully sprinklered.

* BINSWANGER

* 1420 Walnut st., Phila, 2, Pa. « PE 5.0202
e e 3 e sk e e e e ke ke ek ok ek ok

22636 20 3 26 20 24 4 3 2 36 06 0 %

EMPLOYMENT OPPORTUNITIES

ELECTRONIC ENGINEERS

Outstanding openings for men
with degree and experience in:

Engineering Management
SSB
Audio

An equal opportunity employer.
Mail complete details to R. M.
Veach, Personnel Director.
GATES RADIO COMPANY
QUINCT, ILLINOIS
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For Micro-Miniature Circuits!

ARE YOU GETTING b)
MAXIMUM RESOLUTION .

On High Resolution Plates
from Original Art Work

IF NOT . . .

| YOU NEED THE
ARISTO TRANS-

| LUMINATOR.

{ Sizesfrom4’'x5"
| to 44" x 44°".
Larger custom
sizes built to
specification.

SINssaTSussUSsENNcERRcuRsvERsaRRisaARNND sn

The ARISTO TRANS-LUMINATOR

be equipped with either the FYG-54 or
83642 Lamps.
Aristo FYG-54—for exposing high resolution plates
is a narrow band source peaking at 548mu, This
unit gives greater precision and dimensional sta-
bility in producing microphotographs and is su-
perior to either conventional or improvised sources
in speed, accuracy, uniformity, coolness, cleanliness
& economy.
Aristo-8-3642—for exposing KPR-KMER peaks at
365mu ond 420mu matching the sensitivity response
of this material. This new lamp provides faster,
| cooler, cleoner reproductions of printed circuits
| ond micro-miniature circuits. It is from 3 to I5
| times foster thon conventionol sources ond consumes
only a fraction of their power.

For further infarmotian write:

[ ARISTO GRID LAMP PRODUCTS INC.
| 65 Harbor Rd., Part Woshington No., L.I., N.Y

Clrcle Il on |nquury Cord

‘Niniature Pre-Amplifiers

Size 2" x 17" x "
Distartion less than 1%
Self Powered, Completely Transistorized

Type A102
Pre-Amplifier:

Frequency response
1 cps to 100 kec.
Moximum output 4v
rms. Output imped-
once Sk.

Type A102M
Video Amplifier:

Frequency response
500 cps to 17 mc.
Moximum output 3.2v
rms. Output imped-
once 88 ohms.

Type A102E
Wide Bond
Amplifier:
Frequency response
1 cps to 5 me. Maxi-
mum output 4 v rms

Output  impedance
250 ohms.

A D-Y U ELectronics Inc.
249 TERHUNE AVE, PASSALC. M. .

Circle 112 on Inquiry Cord
December 1963
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WIDE RANGE
CALIBRATED
| TEST SIGNALS

0

L A

b cps to 560 ke, 5 uv to 2.5 v into 600 ohms

SPECIFICATIONS
5 cps to 560 kc, 5 ranges

Frequency range:
Dial:

Frequency response:
Output:

Output impedance:
Output attenuator:

Output monitor:

Set level:

Distortion:
Hum and noise:
Power:

Size:
Price:

ogarithmic calibration, = 3% accuracy
+ 3% into rated load

10 mw (nominal 2.5 v rms into 600 ohms)
600 ohms

6 position, 10:1 steps from 0.01 mv to 1 v; times
2.5 multiplier gives 10:1 steps from 0.025 mv
to25v

transistor voltmeter monitors level at input to
attenuator and after set level

continuously variable attenuator with 10:1 {20
db) minimum range

less than 1%
less than 0.05%

four rechargeable batteries (furnished), re-
charge during ac operation; 30 hours per
charge, more than 500 recharges

6Y2" high, 73" wide, 8” deep, 84 |bs.
hp 208A, $525

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

Also available: Model 208A-DB for audio, communication
system testing. Model 208A-DB, same as 208A except that
output is calibrated in dbm, has a 110 db attenuator cali-
brated in 1 and 10 db steps. Price: $535.

New hp 208A Test Oscillator

Solid state and operated from a rechargeable battery pack or
ac line, the 208A can be used anywhere to provide stable, ac-
curate signals that are calibrated with a built-in attenuator and
voltmeter. The precision attenuator adjusts the output in 20 db
steps from 0.01 mv to 1 v or from 0.025 mv to 2.5 v. A metered set
level control provides continuous adjustment between 20 db
steps. Output is calibrated into 600 ohms, single ended.
While operation on rechargeable battery pack makes the
208A ideal for field use, battery operation is also useful in gen-
eral lab work, providing isolation from power line ground to
avoid hum and ground loop problems. The long-life nickel-
cadmium batteries recharge automatically while the oscillator
is operated from the ac line so that the 208A is always ready
for portable use. Output is flat within + 3%; frequency stability
is typically better than 5 parts in 104
This portable source of stable, wide range,
calibrated test signals can save you time
and trouble. Call your hp field sales office
today for a trial on your bench.

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, Calif. 94304, (415) 326-7000.
Sales and service in all principal areas. Europe, Hewlett-Packard
S.A, 54 Route des Acacias, Geneva, Switzerland; Canada,
Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal, Que. ss3s
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Never Before A Commercially Available Silicon Transistor
With The Low-Noise Performance of RCA 2N2857

4 db NOISK

4-lead T0-18
Style Package

Detected output of UHF Receiver
with 1-uv 430-Mc signal applied
to 2N2857 RF stage

DESIGNED FOR UHF - SPECIFIED FOR UHF - 100% TESTED FOR UHF

The low-noise npn 2N2857 uses a new miniature structure to

achieve these outstanding characteristics:

* Extremely low noise...4 db typical in 450 Mc common-emitter
RF amplifier

» High Gain...14 db typical at 450 Mc in neutralized 20 Mc
bandwidth amplifier

* Excellent 450-Mc¢ Mixer Performance...NF=7 db, Gain=15
db (typical)

* Excellent UHF Oscillator Performance...Power Output=40
mw typical at 500 Mc, 20 mw typical at 1 G¢ (unit will oscil-
late at frequencies to 2 Gc)

* Maximum Ratings...V¢opo =30V, Vego=15V, P,=200 mw
at 25°C free-air

* Gain—Bandwidth Product =1200 Mc Typical

Each RCA 2N2857 is tested for maximum noise. figure and

minimum power gain @ 450 Mc as a standard factory procedure.

Specified 2N2857 values are based on V4 -inch leads. With shorter

leads gain can be improved as much as 1.5 db gain and noise

figure as much as 0.5 db.

RCA also offers New Silicon NPN Transistor 2N2708 de-
signed specifically for VHF Applications. The new RCA
2N2708 planar epitaxial transistor is specifically designed for
VHF applications to 500 Mc. Here are some of the features of
this new transistor:

* 200 Mc wideband RF amplifier...15 db min. gain (neutralized
common-enitter)

* Maximum ratings...Vepo =35V, Vcgo
* Gain—Bandwidth Product. .. 700 Mc min.
* NF=8.5 db max. at 200 Mc, I;=2 ma

Each RCA 2N2708 is tested for maximum noise figure and mini-
mum power gain @ 200 Mc as a standard factory procedure.
Call your RCA Representative today for complete information
on these outstanding RCA transistors. For further technical data,
write RCA Commercial Engineering, Section CJ-12, Electronic
Components and Devices, Harrison, N. J.

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR

20\,, VEBO — 3V

The Most Trusted Name in Electronics

®
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