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T0 MAKE YOUR EQUIPMENT More &etiast

REVOLUTIONARY TRANSISTOR* TRANSFORMERS, HERMETIC TO MIL-T-2?

Conventional miniaturized transistor transformers have inherently poor electrical character-
istics, perform with insufficient reliability and are woefully inadequate for many applications.
The radical design of the new UTC DO-T and DI-T transistor transformers provides unprece-
dented power handling capacity and reliability, coupled with extremely small size.
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*DO-T units have been designed far transistor application UNITED TRANSFORMER CORP.

only .. .not for vacuum tube service. Patents Pending 150 Varick Street, New York 13, N. Y.

SPECIAL UNITS AVAILABLE PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF,
TO YOUR SPECIFICATIONS. EXPORT DIVISION: 13 EAST 40l STREET, NEW YORK 16, N. Y. CABLES: “ARLAB"
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TAKE YOUR PICK FROM...

of K28 electrolytic capacitors
for every requirement in entertainment electronics . . .
pocket radios, wireless microphones, miniature tape
recorders, auto receivers
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These space-saving Type 89D
"lytics are designed for easy man-
ual upright mounting on printed
wiring boards. Keyed terminals
assure fast mounting and correct
polarity. No reworking on the
assembly line. Sturdy pre-molded
phenolic shell with resin end-fill
gives excellent protection against
drying-out of the electrolyte or
the entry of external moisture.
The phenolic case eliminates the
necessity for additional insula-
tion. Reasonably priced for mass
production receivers. Engineer-
ing Bulletin No. 3060 lists stand-
ard ratings with performance
data.

The ideal capacitor for appli-
cations where low cost is the pri-
mary consideration is Sprague’s
new Type 31D. Capacitor sec-
tionsarehousedinadensesteatite
tube with resin end-fill to provide
protection against mechanical
damage and atmospheric humid-
ity. This construction results in
excellent capacitor performance
for all miniature electronic cir-
cuits. Size for size, they’re the
smallest the industry has pro-
duced in a ceramic-cased alu-
minum electrolytic. Engineering
Bulletin No. 3010 details stand-
ard ratings and gives perform-
mance data.

Sprague’s new Type 30D her-
metically-sealed aluminum-
encased capacitors are the t/niest
electrolytic capacitors made to
date ... and their performance is
better than ever. Their remark-
able reliability is the result of a
new manufacturing technique in
which all the terminal connections
are welded. No pressure joints . . .
no “‘open cirvcuits’” with the passage
of time. And check this for ultra-
low leakage current: for a 2 uf,
6 volt capacitor . . . only 1.0 pa
max.; for a 300 uf, 6 volt ca-
pacitor... 3.5 pa max.! Engineer-
ing Bulletin No. 3110 gives the
complete story. 85°C standard.

— ——— ——— — ————— . T —— e ———————l—— i TS GD WD o eyt — G SPUD Ms e e
s s A S o G —— —— — — — — — — ——— — T SEL} i G0 GH SN G S M ———— . ————ia - —

*Trademark

on the industry’s first com-
plete line of subminiature aluminum electrolytic capacitors,
write Technical Literature Section, Sprague Electric Com-
pany, 35 Marshall Street, North Adams, Massachusetts.

.
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SPRAGUE COMPONENTS:
CAPACITORS + RESISTORS +«+ MAGNETIC COMPONENTS ¢« TRANSISTORS + INTERFERENCE
FILTERS +» PULSE NETWORKS * HIGH TEMPERATURE MAGNET WIRE + PRINTED CIRCUITS
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-« « and fough to survive in.

Building this kinc o toughness into hydraulic, electronic, and electro-
mechanical zquirment is part of the job presently going on at Bendix-
Pacific. High tempe-ature environmental facilities provide operating
conditions up to 12CO°F for the evaluation of components and systems.
These facilitizs piay2c a key role in the successful development of the
Bendix-Pacific hydrzu ic flight ~ontrol system components for the B-58
and in the scluticn of the heat transfer and dissipation problem in the
ATLAS telemetry systam.

The high temperature problem area is one of many in which Bendix-
Pacific is helping to advance the frontiers of airborne equipment
performance.

Diversity of systems and products provides diversity of
opportunity for skilled engineers at Bendix-Pacific. You
are invited to write R. A, Lamm, Director of Engineering,
for information about Bendix Pacific and your future.

‘ zem/l/‘/ 70:1'/;':

High temperature test facility at DIVISION OF BENDIX AVIATION CORPORATION Bendix desizned hzat sink in the
Bendix Pacific Atlas telemeter

NORTH HOLLYWOOD, CALIFORNIA

ADVANCED THINKING FOR SYSTEMS AND PRODUCTS IN AIRBORNE RADAR ... HYDRAULICS ...
MISSILE GUIDANCE...ELECTRO-MECHANICS ... DECCA NAVIGATION...SONAR ... TELEMETRY.
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NOW

A Complete Line of Magnetic Voltage Regulators

Lo

Model MVRH-1000 Model MVR30

SORENSEN  AGNETIC OLTAGE  EGULATORS

Covef the Full Range— 30 to 2000 Volt-Amps...
Better Regulation and Fast Response.. .Smaller and Lighter

Excellent voltage regulation that’s constant within = 0.5%
i against any line change from 95 to 130 VAC —with operation
‘hat is instantaneous, automatic, continuous, and protected
against overload damage — Sorensen MVR’s
blanket the low and medium power levels.

Supplied in fifteen standard models that range from 30
t0 2000 VA rating, these Sorensen regulators can be
mounted in any position. Ideal for bench or shop use,
or for inclusion as a component in your product lines

: ; ow—m—— to improve performance and life.

These MVR'’s are available in three basic designs.

1. Basic Line Regulators, providing minimum-cost, gen-
eral-purpose, highly reliable regulation of RMS voltage,

CONTROLLED POWER from 30 to 2000 VA.

2. MVR Filament Regulators, providing regulated and iso-
lated 6.3 volt filament supply for vacuum tubes; outputs
from 30 to 500 volt-amps. Also a model with 12.6
filament supply and 60 VA rating.

3. Harmonic Filtered Regulators (MVRH). Lowest distor-
tion of any regulator of similar design. Recommended
for critical applications requiring precise waveform.

FOR RESEARCH AND INDUSTRY

INPUT
% REGULATION OUTPUT RESPONSE TIME % DISTORTION VOLTS

YA RANGE NODEL LINE LOAD YOLTS FREQ. PHASE CYCLES FULL LOAD 60 CPS-1 0

30 =+ 05 +087 115 60 1 2 18 95-130
60 11} i[].75 a i 13 [ 20 €
MAGNETIC 120 " 4075 “ Tl “ 18 “
VOLTAGE 250 it i05 i " 1" " 20 3
REGULATORS 500 05 t o ‘ 20 ‘"
IIMVR” 1000 13 io»s i [ & it 20 i
2000 i io.s " 1 $ i 20 [
HARMONIC 120 i 0.5 I i “ a“ 3 it
HLTERED 250 [ 07 a« " it [ 3 u
“MVRH" 500 “ 09 " “ (] i 3 a“
1000 000 4" 0.9 it i i 4 3 "
FILAMENT 30VA 6.3V Samps b 25 63 " " ¢ 20 "
REGULATORS 60" 63“ 10 “ “ 3 63 “* “ " 20 "
“MVRU 60 a“ 1246“ 5 ’u. “ 3 126 “ “ " 20 “
500 i 6.311 80 (s “ 2.5 6.3 i " L1 20 "

Complete information on the full line of MVR’s is waiting at your SORENSEN & COMPANY, Inc.
Sorensen representative, or will gladly be mailed on your request to: Richards Avenue, South Norwalk, Connecticut

in Europe, contact Sorensen-Ardag,- Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment
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YOUR COMPUTER DESIGNS ARE BETTER
YOUR COMPUTERS PERFORM BETTER

when you draw from this comprehensive

" @B RELBLE

COMPUTER TRANSISTOR

Raytheon PNP Germanium Fusion-Alloy Computer Transistors are
approved for military applications. They provide:

® H, control at high currents

@ Fast switching speed
® Temperature range —65°C to +85°C

® High voltage ratings

ONE AMPERE, HIGH FREQUENCY, HIGH GAIN SWITCH

JETEC-30
Type

Punch
through
Voltage

min.

Hre,

Hre, Ico

ave. at—12v
I = 10mA
Veg = —~0.35v|

Ic = ~ImA Vcp = ~6v

ohms |

2N6S8
2N659
2N660
2N661
2N662

JETEC-30
Type

—24
—-20
-16
—12
-16

Hn:l
ave.
Iz =1ma
Ver, = — 0.25v

SUBMIN
Type

2N404
2N425
2N426
2N427
2N428

ave.
Is = 1ma
Vee = — 0.25v

Rise Time*

max.
uSec

CK2s
CK26
CK27
CK2s8

Ratings at 25°C unless otherwise indicated L
Dissipation Coefficients: For 1 Amp types, in air 0.35°C/mW; infinite sink 0.18°C/mW

(@ULID)-SEMICONDUCTOR DIVISION

Silicon and Germanium Diodes and Transistars » Silicon Rectifiers

6 CIRCLE 4 READERS SERVICE CARD

1.0

0.55
0.44
0.33

[Nustrations actual size

For med. current types, in air 0.40°C/mW; infinite sink 0.18°C /mW
For submin types, in air 0.75°C/mW; infinite sink 0.35°C/mW

® Low saturation resistance

)

designed for
computer service

made for ‘
computer service

tested for
computer service

proved dependable in
computer service

PREFERRED by
computer designers

o

............ 55 Chapel St., Blgelow 4-7500
................ 589 Fifth Ave., PLaza 9-3900
Chicago: 9501 Grand Ave., Franklin Park, NAtional 5-6130

Los Angeles: 5236 Santa Monica Blvd., NOrmandy 5-4221

July 18, 1958 — ELECTRONICS engineering edition



BUSINESS BRIEFS

ELECTRONICS NEWSLETTER

ELECTRON EMISSION with energy  tunning
into hundreds of billions of clectron volts is re-
ported by Soviet astronomers. Thev sav this en-
ergy, many tines more than the encrgy that can
be produced by the most powerful accelerator,
is coming from rccently discovered nebulac.
This question—and a varied assortment of others
bearing on basic clectronic rescarch—will be dis-
cussed at next month’s meeting m Moscow of
the International Astronomical Union.

GENEVA TECHNICAL DISCUSSIONS on
means of detecting and identifving nuclear tests
point up the importance of the phvsicist-
clectronics engineer in solving the cold war’s
technological problems. James B. Fisk, head of
the US. delegation, was a theorctical physicist
when he joined Bell Telephone Laboratories in
1939. Durnng the war when the potentialitics of
microwave magnetrons for high-frequency radar
were discovered, Fisk headed a development
group. Later, he was in charge of Bell’s clectron-
ics and solid-state rescarch.

In 194748 he was director of rescarch for the
Atomic Fnergy Commission. Back at Bell, he
took charge of rescarch in physical science and
moved up the ladder, becoming exccutive v-p
and director in 1955.

THERMISTOR IFIRE DETECTION system will
go mto the baggage compartments of the Bocing
707 jet airliner. System will sense overhcating

or fire and transmit a warning to the crew, says
Fenwal, Inc., the manufacturer. Climbing mar-
ket for thermistors 1s seen by manufacturers;
they say space age demands call for more use of
temperature sensing systems.  Reported under
development: a system installed on the leading
cdges of a plane’s wings. This would permit
temperature obscrvation at speeds that might
cause unsafe heating conditions.

NEW CLASS OF MAGNETIC OXIDES, struc-
turally different from ferrites, 1s reported by lab-
oratorics in France and here. The matenals are
transparent rarc-carth-iron garncts whose inter-
nal magnetic domain structure can be seen with
a polarizing microscopc.

Most completelv studied member of the new
garnet family is vttrium iron garnct. It has
Curie temperature of 545 K and spontancous
magnetization at zero temperature.

CIVIL AERONAUTICS ADMINISTRATION
has announced a $2,475,794 program to improve
50 CAA-operated airport surveillance  radar
(ASR) units. Texas Instruments, Inc., will pro-
vide 50 kits to modemize carlier manufactured
ASR-2 and ASR-3 radar equipment; four kits
will be provided for nse with ASR-1 gear.

The improvement kits will provide a Dbetter
moving target indicator, says the CAA. Delivery
will start in December 1959, and will be com
pleted by June 1960.

Lost Year ,’s\
month ___ago \
SN RADIQ
7 Nl LN
e N e T
,\v' ~ \’ VPN PN m e =T
vf
\ TV i \
[ (T T O | | |
FIGURES OF THE WEEK FIGURES OF THE YEAR totais for first four months
RECEIVER PRODUCTION 1958 1957 Percent Change
(Source: EI1A) June 27, 58 June 20, '58 June 28, 57 Receiving tube sales ....... 117,596,000 153,011,00¢C —23.1
Television sets, total ........ 77,290 81,999 117,337 Transistor production ... ... 11,895,032 6,899,000 +72.4
Radio sets, total ........... 161,764 160,531 200,242 Cathode-ray tube sales .. ... 2,403,182 2,952,318  —18.6
AULOLSEUSE i, & iy s o VS s 57,928 55,4 ‘ . .
& 2> £0t2? Television set production ... . 1,523,858 1,835,975 —17.0
STOCK PRICE AVERAGES Radio set production .... . 3,532,066 5,075,180  —30.4
{Source: Standard & Poor’s) July 2, '58 June 25, '58  July 3,'57 TV set sales ............. 1,690,101 2,020,876 —16.4
Radio-tv & electronics ..... 49.26 47.98 52.88 Radio set sales
Radio broadcasters . ......... 62.62 61.79 65.88 texcl. [aule)l s s 2 arms o = 1,895,951 2,362,068 ~19.7
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I'our-engine craft waiting for tower clearance are scen on taxi radar scope

Taxi Radar Spots Planes

Airport surface detection equipment helps air
controllers by showing ground activity

Amr conrtrorLErs at New York’s
busy International Airport are now
using  high-precision  all-wcather
“taxi radar” to control aircraft and
miscellaneous traffic on the ground.
The amport surface  detection
cquipment (ASDE) installed last
month atop the 170-ft control
tower at Idlewild presents a clear
picture of thc 5,000-acre grounds,
shows fixed objects, ground ve-
hicles, aircraft, even men and birds.

ASDE is a short-range K-band
radar developed and manufactured
by Airborne Instruments Labora-
tory. The Mineola, N.Y. firm, a
division of Cutler-HHammer, Inc,
expects to sell the equipment to
airport operators and the military
for around $200,000.

Angular and range discrimina-
tion of ASDE is precise cnough to
show controllers the shape of a
planc half a mile away, even spot-
ting the cngines (picturc). The
svstem can resolve targets to 10 ft
in range, 0.25 deg in azimuth. Tt
achicves this precision by sending

8

out short pulses on a narrow beam
at a rapid repetition rate.

The transmitter produces 0.02-4
scc pulses at 50-kw peak power
and at a rep rate of 14,400 puises
a sccond. Thic horn-fed double-
curved reflector produces a beam
0.25 deg wide and 1 deg lugh at
half-power points, rotates at 60
pm to provide continuous sur-
veillance.

Bandwidth of receiver i-f’s 1s 100
me, with 50-me video stages. Ppi
display uscs a 16-in. aluminized
flat-facc tube which can resolve
1,000 lincs. Maximum presenta-
tion range is 3 miles per radius (the
sct’s maximum range is about +
miles), although the presentation
can bc off-centered.

From the control room, opcrator
can select vertical or circular polari-
zation of thc transmitted beam.
Circular polarization canccls much
of the clutter due to rain, keeps
ASDE on the air in all kinds of
weather.

The ASDE  system was in-

stalled at MacArthur Airport in
Suffolk Co., N. Y., for evaluation.
Controllers have been known to
complain about its sharpsighted-
ness. They've picked up crows fly-
ing over MacArthur a mile away.
Once they sent a truck out to
investigate a  “dangerous object”
which showed up on the scope but
was not visible through a ground
haze to the tower. They found a
man walking along the runway.

Subs to Get New
Antisub Rockets

WASHINGTON—Navy’s new su-
per-sccret  antisubmarine  weapon,
SUBROC, will have one of the
most complex clectronic systems
cver devcloped. That is what in-
dustry spokesmen are saving this
week, although the Navv won't
discuss details of the new weapon.

Navy recently awarded a $65-
million contract to Goodyear Air-
craft Co. to develop a complcte
weapon system, including produc-
tion and tooling methods. Good-
vear will work with Navy’s Ord-
nance Lab., Kearfott of Clifton,
N. J., and Librascope of Glendale,
Calif., on the project.

The new weapon system will ini-
tially be installed in submarines,
including the new Polaris-toting
subs. Later it may be put on sur-
face ships as well. It is designed
to detect enemy submarines at long
range, compute their course and
specd, and fire a missile to destroy
them. The missile will be fired from
underwater, then rise to the sur-
face and be propelled through the
air by a powerful solid fueled rocket
to enemy sub’s vicinity. Rocket
then drops off and nuclear warhead
reenters water, homes on target.

Ultimate goal is to get the wea-
pon system perfected so it can de-
tect and kill enemy subs up to 200-
mile ranges. Ranges to 2,000 miles
arc being talked about for the mis-
sile itsclf. Idca is that the weapon
can also bc uscd against enemy
shore targets. Estimates arc that
20 to 40 of the weapons can be car-
ried in a submarinc.

Control system for SUBROC
will be a modified version of Good-
vear's Atran system now used in Air

(Continued on p 12)
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How the radio art can be improved through solid state science is illus-
trated by a recent development at Bell Telephone Laboratorics. To make
voice signals travel by microwaves they must first be “converted” —caused to
vibrate at billions of cycles per second. To date, it has been possible to
accomplish this conversion only at the cost of appreciable loss of signal energy.
Could a more cfficient converter be provided?

In the field of solid state science it was known —as a laboratory curiosity —
that semiconductor diodes can be made not only to convert the frequency of
signals, but also to amplify them. At Bell Laboratories Dr. Arthur Uhlir, Jr.,
and his associates calculated that this amplifying action could be put to prac-
tical use. They proved the point by developing a junction diode converter
which can deliver up to 40 times as much signal energy as previous converters.

This clhicient new converter will be applied in a new Bell System micro-
wave highway able to transmit thousands of telephone conversations and a
dozen television programs simultaneously at six billion cycles per second. In
other forms it is being developed, under Signal Corps contract, for radar and
military communications where more efhicient frequency conversion can also
be used to advantage.

This development is an example of the many different ways in which
Bell Laboratories works to improve your telephone service and communications
at large.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT



Push-button convenience. New line switeh for Mallory controls
turns TV or radio sets on and off at a touch . . . eliminates need
for volume adjustment, reduces wear on carbon element. Other
new ideas include push-pull line switehes, economiecal strip-type
multiple controls, printed circuit controls, and controls with
special low-end taper for transistor circuits.

Entertainment as you drive. Pioneer in.vibrators, Mallory intro-
duced the first commercial vibrator over 25 years ago. .. has
long been the leader in vibrators for auto radios. Continuing
developments by Mallory produce new refinements in vibrator
designs for mobile communication equipment and other vacuum-
tube battery-powered products.

How Mallory Components

Hum-free filtering. Etched cathode construction of Mallory FP
electrolytics—the original 85° Capacitor—prevents annoying
filter hum from developing. Mallory miniature capacitors, in-
cluding subminiature tantalum types and commercial models,
help to spark the trend to compact size of equipment.

10 CIRCLE 6 READERS SERVICE CARD

Ececnomyand performance in switches. Special Mallory contact
alloys, applied by Mallory contact engineers, assure long life and
low production costs in selector switches, relays and control
devices. Qur contact assembly department can make complete
backing member and contact assemblies to your specifications.
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Entertainment in miniature. New pocket-size transistor radios and minia-
ture tape recorders are made even smaller, by designing around tiny,
powerful Mallory mercury batteries. Pioneered and constantly refined
by Mallory, mercury batteries are ideal for use with transistors, because
of their constant energy discharge. For vacuum-tube equipment, Mallory
zine-carbon batteries give superior service backed by over 40 years of
dry cell progress.
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| 22% VOLTS
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and Engineering Assistance

Serve the Electronic Entertainment Industry

When you’re designing electronic entertainment
equipment, you can rely on Mallory precision
components and application engineering to help
vou add extra values of performance, convenience
and enjoyment to your products.

For use in home, portable and automobile radios
... television receivers . . . tape recorders . . . hi-fi
systems . . . coin-operated record players . . . sound
movie equipment and many others, Mallory makes
a wide line of components which have set the
standard of quality of the industry for over thirty
years. Constant research builds new 1deas into
Mallory products which make possible new fea-
tures in your designs.

Want to make your designs smaller ? See what vou
can accomplish by using Mallory miniature ca-
pacitors, mercury batteries, controls. Want greater
dependability ? You can add extra service life with
Mallory FP electrolytics, controls, vibrators, resis-
tors, contact metals. Want maximum economy ?
Check the cost-saving possibilities of Mallory strip-
tvpe controls, switches and contact assemblies.

Because we make such a broad line of components,
we can give you comprehensive engineering help
in using various types of components together,
so as to obtain best overall performance and
economy. Call us today for a consultation on your
new designs.

Expect more ... get more from

Serving Industry with These Products: r
Electromechanical — Resistors ¢ Switches * Tuning Devices ¢ Vibrators PRMALLORV 8 CO.Inc.
Electrochemical — Capacitors ¢« Mercury and Zinc-Carbon Batteries

Metallurgical — Contacts * Special Metals * Welding Materials

Parts distributors in all major cities stock Mallory

standard
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components

for

your

ALLOR

convenience, INDIANAPOLIS 6, INDIANA

P. R. MALLORY & CO. Inc.,
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Force’s supersonic  air  breathing
surface-to-surface missile Mace.

Navy is putting top priority and
high hopes on its SUBROC system.
Reason is that the threat of Rus-
sian missile carrving submarines is
onc of the biggest facing the U.S.
today. Reports are that the Rus-
sians have 700-mile missiles now
being installed on submarines. And,
there is a good chance that they
either have or are close to having
nuclear powcred subs.

Best guess at present is that the
Russians have a fleet of some 500
submarines, ranging from those
built during World War II to the
latest snorkel types. But, up to
now, the U.S. has not had an cf-
fective combat weapon against
them. Although sonar dctection
has been extended to estimates of
around 100 miles, weapons to kill
subs have been relatively short
ranged.

Even with SUBROC, Navy still
has one big problem to solve. That
is in identifving objects detected
at long ranges.

Ferromagnetic
Films Promising

DALLAS—Srupies of thin ferro-
magnetic films today promisc im-
portant devclopments in solid state
electronics.

This prediction was made re-
cently by Gordon K. Teal, assistant
vice president and director of re-
search, Tecxas Instruments, Inc.
Speaking at TT’s dedication of its
new $5 million plant for transistor
and  semiconductor  production
here, Teal added:

“Efforts in transistor clectronics
arc now concentrated primarily on
achieving reprodueibility  within
narrow  specifications, improving
certain paramcters, increasing reli-
ability and lowering cost.”

Mervin J. Kelly, president, Bell
Tclephone  Laboratories, called
“surface control the challenge to
the main technological deficien-
cies.” He expressed confidence
“continuing research will bring a
full understanding of the surface
cftects.”

Mark Shepherd, Jr., vice presi-
dent of TT's Semiconductor-Com-
ponents  div., predicted product
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WASHINGTON OUTLOOK

THE LABOR DEPT. has begun the first Walsh-Healey Act minimum-wage
determination procecding in the clectronics 1ndustry This s law
authorizing the Secy. of Labor to set minimum wage rates for govern-
ment contractors bascd on prevailing wages in the respective industry.

Officials in the Electronic Industrics Assn. are concerned that the
Labor Dept.’s action will raise the whole wage level in the industry.
‘I'he electronics industry is one of the few major industries for which the
Labor Dept. has never sct Walsh-Healey rates.

Right now, clectronics manufacturers in government production are
legally required to pay only the $l-an-hour minimum wage ratc set
under the Fair Labor Standards Act which covers all companics in
interstate commerce.

The department is breaking the industry down into three major
segments—clectron tubes and semiconductors, other clectronic com-
ponents and assembled end-items. Walsh-Healey minimum wage rates
will be set individually for each field.

® A Bureau of Labor Statistics wage survey is now under way
among manufacturers of electron tubes and semiconductors
based on June 1958 payrolls. Some 200 companies arc being
covered, according to the Labor Depts preliminary cstimate.

BLS’ electron tube and semiconductor wage survey will not
be completed for several months. Near year’s end, the Labor
Dept. will hold public hearings on the BLS findings.

Following the hearings, the Sccy. of Labor will announce the
official minimum rates. Clauses requiring government con-
tractors to pay the wages will then be inserted in all military
clectronic procurcment awards.

® The Labor Dept. plans to make a wage survey among manu-
facturers of other clectronic components in the fall and to con-
duct the Walsh-Healey public hearings on this segment of the
industry some time in mid-1959. The minimum-wage dcter-
mination procecdings for assembled electronic end-items will be
conducted later on—the Labor Dept. is still in the talking stage
on these plans.

Electronics industry spokesmen stress regional variations in
the industry’s wage scales in their discussions with the Labor
Dept.  Under the law, the Secy. of Labor has the discretion to
set minimum wages on either a geographic or industry-wide basis.
The Department’s policy is to determine minimum rates on an
industry-wide basis where there is industry-wide competition.

® Defense Secy. McElroy—concerned over what one of his aides
calls “ncedless apprehensions over contract stretchouts, delaved
billings, postponed contract settlements and other financial
problems in the Pentagon”—has issued an unprecedented order
to t-hc services: go ahead with all procurement in “normal fash-
ion.”  This includes authority to start on fiscal 1959 projects
cven before the appropriation mechanics have been completed,
allowing for monthly contract awards at one-twelfth the amounts
shown in the budget.
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AMPLIFY MICROVOLTS
WITH STAB”.'TY measure strain, temperature,

other phenomena, to 0.1%
with a KIN TEL DC amplifier

NEW...TRUE DIFFERENTIAL
DC AMPLIFIERS ELIMINATE GROUND LOOP
PROBLEMS...RESCUE MICROVOLT
SIGNALS FROM VOLTS OF NOISE

160 db DC, 120 db 60 cycle common mode rejection with
balanced or unbalanced input B Input completely isolated
from output B Input and output differential and floating
® 5 microvolt stability for thousands of hours m 0.05% line-
arity, 0.1% gain stability @ Gain of 10 to 1000 in five steps ®
>5 megohms input, <2 ohms output impedance 8 10 volt at
10 ma output B 120 cycle bandwidth B Integral power supply

Ideal for thermocouple amplification, the Model 114A differ-
ential DC amplifier eliminates ground loops; allows the use
of a common transducer power supply; drives grounded, un-
grounded or balanced loads; permits longer cable runs; and
can be used inverting or non-inverting. The 114A can be
mounted in either single amplifier cabinets or six amplifier
19” rack adapter modules. Price: 114A — $775; six ampli-
fier module — $200; single amplifier cabinet — $125.

5725 Kearny Villa Road, San Diego 11, California
WESCON SHOW — Booths 1413, 1414, 1458, 1459.

ELECTRONICS engineering edifion — July 18, 1958

WIDEBAND, SINGLE ENDED
DC AMPLIFIERS AMPLIFY DATA SIGNALS
FROM DC TO 40 KC
WITH 2 MICROVOLT STABILITY

+2 microvolt stability @ <5 microvolt noise m 40 kc band-
width m 100 KQ input, < I ohm output impedance m Gain of
20 to 1000 in ten steps with continuous 1 to 2 times variation
of each step m =45 V, =40 ma output m 1.0% gain accuracy
m 0.1% gain stability and linearity m Integral power supply

Millions of cumulative hours of operation have proved KIN
TEL Model 111 series DC amplifiers to be the basic compo-
nent for all data transmission, allowing simple, reliable
measurement of strain, temperature and other phenomena.
DC instrumentation systems — with their inherently greater
accuracy, simplicity, and reliability than AC or carrier sys-
tems —are made entirely practical by the excellent dynamic
performance, stability, and accuracy of kKIN TEL DC ampli-
fiers. Price: 111BF—$575; six amplifier module—$200; single
amplifier cabinet — $125.

A Division of Cohu Electronics.|nc.

CIRCLE 8 READERS SERVICE CARD 13



development through practical ad-
aptation of the “systems concept”
to industrial requirements.

Japan Producing
Better Mark IV

Jaran’s Mark IV trawsistorized
digital computer, developed and re-
cently improved by the govern-
ment’s  Electro-Technical  Labor-
atory (ErLecTronics, p 50, Apr 4
and p 34, May 2), went into pro-
duction this month at the Nippon
Electric Co.

In Tokvo the company has de-
nicd an earlicr production estimate
of 3,000 units by the end of 1958.

Nippon Electric’s chief engineer,
Tsutomu Degawa, told Erecrron-
1cs the firm was reinvestigating the
domestic and world markets.

Improved version of the Mark
IV being produced, the NEAC-
2201, is said to have a memory
it with  two sets of storage
svstems: one of 1,000 words with
an average access time of 2.5 milli-
scc and the other of 400 words
with average access time of 1.7
milhsec.

Arithmetic and control unit of
the improved Mark 1V consists of
600 junction transistors and 7,000
gemianium diodcs compared to the
original’s 400 and 4,400 respec-
tivelv. Power consumption is up
from 300 to 400 w. Computer
can accept 62 different  instruc-
tions with onc and a half address
code and two index registers.

Price of the new unit has not
been set but it’s estimated at about
$70,000, slightlv more than the

New Simulator

Discussing opcration of Bendix Com-
puter’s three-dimensional flight simu-
lator. Unit holds model of missile or
aircraft undergoing test

14

MILITARY ELECTRONICS

¢ Input system for SAGL, which
translates  incoming  information
from radar units into computer
language, wuses 11,471 vacuum
tubes. 'The svstem, produced by
Bendix as a subcontractor to 1BM,
includes the electronic equipment
that receives the long-range radar
signals  via telecphone lines or
microwave relay; the gap-filler radar
input; the “Cross-Tell” equipment
that makes it possible for one
SAGE direction center to “talk”
to another; and the manual input
equipment enabling Al pcrsonnel

to communicate with the com-
puter.
e Radiation detection  instru-

ments for Explorer IV are products
of the Statc University of Iowa’s
physics department. Scientific goal
of the new equipment is more pre-
cise mcasurcments of the unex-
pectedly intense radiation discov-
ered through apparatus aboard Ex-
plorers 1 and 1. The new satel-
lite’s detection instruments are de-
signed to handle the great counting

rates and perhaps to  distinguish
the type of charged particles from
thie sun.

e Infrared missile tracking gear
recently underwent a month-long
triservice test program at Patrick
AI'B, Fla. Sponsor was the Air
Research and Development Com-
mand. Test crews located on cleven
missile range picket ships, four air-
craft  and  two islands along
AFMTC’s 5,000 mi missile range
tracked and measured shapes of
missiles  launched  from  Cuape
Canaveral.

Evaluation of findings will Dbe
studied at a svmposium late this
summer by the participating organi-
zations which include: AF Cam-
bridge Rescarch Center, A Prov-
ing Ground Center, Army Ballistic
Missile Agencv, Naval Rescarch
Laboratory, Aerojet-General, Barnes
Engincering and RCA. University
of Michigan has assigned two
groups to the program and Wright
Air Development Center has as-
signed four.

estimate for the original Mark [V,
Mecanwhile, the  government
laboratory which developed the

Electron Plasma

LOS ANGELES—It’s believed now
there 15 a high-altitude plasma of
fast-traveling clectrons in  outer
space. Doubts are expressed as to
whether human space voyagers can
exist in such an arca.

These facts were revealed here
rccently at the American Rocket
Socicty’s semiannual meeting.

They were in a report by JPL’s
W. H. Pickering. He talked on
“What IGY Ilas Told Us About
Space.” Indications of an clectron
plasma, he said, were among un-
expected findings from Explorer I's
cosmic ray experiment.

Saturation of counting equip-
ment by high-density x-rays at cer-
tain altitudes indicated plasma
presence, he said, with the clec-
trons trapped by the carth’s elec-
tromagnetic ficld.

computer is now working on

a

Mark V,, savs Shigeru Takahashi,

chief of ETL’s circuits section.

In Space?

In another news development,

it was reported that plasma jets,
which have been used on the
ground to simulate missile reentry
conditions (Erecrronics, p 19,
Nov. 10, 1957), are now heing
thoroughly investigated as propul-
sion engincs.

Air Force Ofhce of Scientific
Research has awarded a research
contract to Vitro Laboratorics di-
vision of Vitro Corp. of Amecrica.
The firm is conducting a program
to investigate possible applications
of the high intensitv clectric arc to
propulsion.

Rescarch will be directed toward
ion propulsion cngine types with
exhaust velocitics between those of
chemical fucls and accelerated ion
beams. Some experts have proposed
that plasma jets may bridge the gap
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The Hughes HA7500 Series

HUGHES

Hek

SEMICONDUCTORS
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silicon
PpNnp
transistors

Ideal for:

Differential Amplitiers. Because significantly, the
spread for any characteristic of a given type is small.
Matching becomes easy with this kind of uniformity.

Low Level Choppers. Because switching charac-
teristics are excellent. Saturation resistances are low;
emitter and collector reverse currents are low,; emitter
to base reverse voltages are high.

D.C. Amplitiers. Because variation of characteris-
tics within a type is small. These variations are also
little affected by temperature.

Audio Oscillators, Multivibrators, Flip=-Flops.
Because, once again, uniformity becomes significant,
as well as the unusual stability of each type. Replace-
ment can be accomplished without loss of effectiveness.

Servo Circuitry, Medium Power Amplification,
Phase Detection, Voltage Regulation, Power
Ccontrol. Because this series has versatility. Both low
and high level operation become practical.

ACTUAL SIZE

. —

These multi-use transistors have the advan-
tages inherent to all silicon devices plus the
typical Hughes advantages of ruggedness and
reliability. They have a unique coaxial config-
uration, developed at Hughes to permit the
maximum flow of heat from the crystal
through the package while providing an ex-
tremely sturdy internal structure. Signifi-
cantly, this configuration is ideal for machine
insertion on printed boards. Dimensions: body
length, .396 inch; body diameter, .343 inch.

|

For details of the various types, please write: Hughes
Products, Semiconductor Division, International
Airport Station, Los Angeles 45, California.

© 1958, Hughes Aircraft Company
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between chemical and 1onie pro-
pulsion.

Plasma jcts are crcated when a
high intensity arc is fired in a fluid,
crecating tempcratures  of about
7,000 C and ionizing much of the
gas. The ions can be accclerated Iy
building up thermal pressure or
clectromagnctically.

Vital part is made radioactive before
assembly. Then a Geiger . . .

Counter Monitors
Fuze Assemblies

ARMY ORDNANCE CORPS 15 nNOW
checking out an instrument which
automatically inspeets artillery shell
fuze heads to make surc they con-
t-' -z essential firing pin support
which cannot be seen after as-
sembly.

Beforc assembly, the supports
arc plated with radioactive silver.
After fuze heads are assembled, the
mstrument’s Geiger counter checks
each for radioactivity and rcjects
those which are not radioactive.
Instrument is called the Atomon-
itor.

The same method can be used to
check clectronic  assemblies and
components for vital parts, accord-
ing to Nuclcar Corp. of Amecrica.
The firm built the instrument and
its convevor for the Army for
$20,000.

Inspection rate is up to 3,000
fuze heads an hour. Counters kecp
track of hcads inspected and re-
jected and will also sound an alarm
if the rcject rate goes over a pre-
determined maximum.

Absence of a firing pin support
could causc a fuze to function pre-
maturcly. Inspection formerly was
done by trained personnel who
shook the fuze heads and listened
for a click which mcant the firing
pin was scated properly.
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FINANCIAL ROUNDUP

e Thompson Products and its
affiliate, Ramo-Wooldridge Corp.
announce plans to merge. The two
firms will be absorbed hy a new
company to be known as Thomp-
son  Ramo Wooldridge Corp.
Thompson Products had owned
574 perecent of R-W’s common
stock. Remainder of stock will be
purchased for 271,455 shares of
common stock in thc new firm.
Number of new shares to be given
holders of Thompson stock was not
available at press time. Main pur-
posc of the merger is to turn more
of the R-W “think factorv” prod-
ucts into hardware. TRW will em-
plov about 20,000, will have assets
of $200 million and expects 1958
sales in cxcess of $300 million.

e Rockwell Manufacturing Co.
privately places $18 million of +
percent sinking fund  debentures
through Kuhn, Loebh & Co., New
York City investment banking
firm.

e National Science Foundation

and Intermational Business Ma-
chines Corp. approve plans to aid
National Economic Bureau’s re-
search project using clectrouic
computers to analyze business con-
ditions. Purpose of the grants,
funds from NSI' and assistance
from IBM, is to help bureau extend
its business cycle rescarch program.

¢ Haveg Industrics, a diversified
firm active in many business arcas
mcluding clectrouics, plans to ac-
quire American  Super-Tempera-
ture Wires of Winooski, Vt.
Haveg proposes to give about 21.-
600 shares of its stock in pavment.
Stock was rceently selling on the
New  York Stock Exchange at
around 3+ dollars.

American  Super-T'emperaturc
produces specialty wires for high-
temperature electronic work. High
temperature components are among
Haveg’s  many  product  lines.
Haveg also plans to acquire Amer-
ican Super-Temperature \Wires of
Pucrto Rico, a subsidiary of the
Vermont firm.

Station Tries Stereo Multiplex

ConrraTisLE single-frequency stere-
ophonic broadcasting moved a step
closer to reality recently with the
successful completion of tests at
station KGLA (FM) m Los An-
geles. Previously broadcasters have
transmitted  stercophonically by
putting one channcl on a-m and
the other on f-m, requiring the lis-
tencr to have two different receiv-
crs.

Transmittcr equipment was pro-
vided by Crosby Laboratorics, of
Hicksville, L. I., and Harkins Radio
of Phoenix, Ariz.

Using the Crosby sum and dif-
ference technique together with the
Harkins multiplex svstem. the sum
of the audio voltages gencrated by
microphones A and B is applied to
the main channcl.

The voltage difference of A
minus B is applicd to the subchan-
nel. This method provides the com-
patible feature whereby the mon-

aural listener is not deprived of a

correct presentation of signal.

Key to this method of stereo re-

ception is a special adapter designed
by Crosbv. This is a five-tube unit
which in effect sorts out the scram-
bled signal reccived from the sta-
tion, and splits it into its original
A and B componcnts.

Pilot production of adapters has
been started, and ncgotiations are
underway with a number of re-
ceiver manufacturers for consumer
production.

Initial price for adapter units will
range from $50 to $75 with a de-
crease In price expected to evolve
as the market grows, firm says.

A design possibility mentioned
bv some manufacturers is a radio
resembling current a-m/f-m receiv
ers which would exclude the a-m
circuit, and have the sterco adapter
i 1ts placc.

Present estimated cost for equip-

CIRCLE 10 READERS SERVICE CARD —»
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VITROTEX-D, magnified approximately 400X. The upper Bayer consists of glass
fibers in fused Dacron*. Notice the even aistribution which provides uniform
insulaticn value—no !arge "islands* where fibers are missing.

*Reg. U. S. Pat. Off., Dupont

the upper layer, the glass insulation. The glass fiber-ends appear as small circles
in the photograph. The sections between fibers are occupied by bonding
varnish. Notice the fibers are close together, well distributed.

Let these Anaconda photomicrographs help you select
high-temperature Magnet Wire with glass-type insulation

is@anEbhoniopon

ANATHERM 155°C (AIEE Closs F)

These two longitudinal sections of Anaconda magnet wires have
been blown up 400 times—to show you the difference between
Anaconda Vitrotex and Vitrotex-D (both 130°C—AIEE Class B).

Maximum high-temperature protection in glass-type insulation
depends on the proportion of the glass fibers present. Maximum
resistance to winding damage, however, can call for reducing
the number of glass fibers and adding a ‘‘damage reducing”
agent such as Dacron.

Thisisessentially the difference between Vitrotexand Vitrotex-D.

Anaconda provides both—in complete size ranges, in rounds,
squares and rectangulars. You, the designer, must weigh the
need for insulation and heat-resistance against thosc properties
which affect windability.

Vitrotex, as the left-hand photagraph shows, consists of all
glass fibers—therefore, where winding damage is controllable,
Vitrotex offers you greater insulation value.

Sometimes, however, the risk of winding damage cannot be
avoided. For these situations, Anaconda offers Vitrotex-D. The

Dacron acts as a bonding agent—holds the fibers in place and
protects them during winding.

The pictures above show more than the difference in glass-
fiber content. They show how Anaconda engineering and manu-
facturing care provide uniform fiber distribution in both types
... how each has been designed to do a diferent job-—and do it
well!

Ask the Man from Anaconda fopr additional details on (1)
Vitratex, (2) Vitrotex-D, (3) Silotext (180°C—AIEE Class H)
and (4) Silotex-Df. See “Anaconda’ in your phone book, in
most principal cities, or write: Anaconda Wire & Cable Com-
pany, 25 Broadway, New York 4, N. Y.

tReg. U. S. Pat. Off.
SEE THE

e e ow ANACONDA
ror MAGNET WIRE

For more details on the characteristics of Vitrotex and Vitrotex-D, please turn the pagew—

NYFORM 105°C (AIEE Class A)

high temperature rzsistonce superior windability

PLAIN ENAMEL 105°C (AIEE Class Al
low-cost enameled maguet wire

ANALAC 105°C {AIEE Class
A} solderable magnet wice

FORMVAR 105°C {AIEE Closs A)
established dependability




MAGNET WIRE
DATA SHEET

from

Anaconda Wire & Cable Co.

IMPORTANT FACTS FOR YOUR WORK...

...about
130°C (AIEE Class B) Magnet Wire

HIGH TEMPERATURE OVERLOAD PROTECTION. Even under severe
overload conditions, Vitrotex provides protection. This ex-
ceptional high-temperature resistance is Vitrotex's outstanding
advantage—and can be put to use even in totally enclosed
applications.

REDUCTION IN FRAME SIZE. Because of the higher temperature
stability, excellent space factor (compared with cotton), and
the high heat conductivity of the glass fibers, Vitrotex-wound
motors and generators can be produced in smaller frame
sizes for equal rating or with increased ratings in comparable
size frames.

MECHANICAL PROPERTIES. Vitrotex has the necessary abrasion-
resistance for most winding applications. It is suitable wher-
ever controllable winding is possible. Vitrotex possesses re-
markable space factor, especially when considering its ability
to withstand high operating temperatures. Single Vitrotex has
a space factor better than single cotton of equal gage. Double
Vitrotex has a space factor better than double cotton of equal
gage. Vitrotex has good “mesh™ factor—windings expand
no more than other insulations so that special precautions are
unnecessary in design of windings.

ELECTRICAL PROPERTIES. Vitrotex is offered as a 130°C (AIEE
Class B) magnet wire. Its high-grade organic bonding varnish
plus the glass, give Vitrotex high electrical qualities. Vitrotex
will retain sufficiently high dielectric strength to operate
satisfactorily at temperatures above the destruction point of
organic fiber insulation. At high relative humidity, Vitrotex
retains its dielectric strength to a marked degree.

CHEMICAL PROPERTIES. Vitrotex is compatible with most Class B
bonding varnishes and materials. Windings with Vitrotex
can be baked after impregnation at temperatures that would
destroy ordinary insulations. Windings can be impregnated
with commercial varnishes or other compounds by standard
methods. While the glass fibers themselves will not absorb
liquids or compounds, the interspaces of the insulation will take
up and retain the impregnant. Aliows great latitude in design.
THERMAL PROPERTIES. Vitrotex is a 130°C (AIEE Class B) magnet
wire by definition. However, the precise temperature at which
Vitrotex wire can be operated will depend on the design of
the apparatus. For example, Vitrotex is excellent for use in
dry-type transformers under Group 2 NEMA classifica-
tion for operation at 150°C hottest spot. Under severe
overload conditions where all bond and varnish are destroyed,
the inorganic glass remains to protect against shorting.

...about
130°C (AIEE Class B) Magnet Wire

WINDABILITY. Vitrotex-D is a high-temperature AIEE Class B
magnet wire with special abrasion-resistance properties. Where
a controllable winding operation is not possible (making the
usc of all glass insulation impractical), Vitrotex-D is rec-
ommended.

PRECAUTION: Ducron is a polyester. Therefore the use of this
wire is limited to ventilated equipment.

MECHANICAL PROPERTIES. Vitrotex-D exhibits superior abrasion-
resistance. It is ideally suited to those situations where a
high-temperature Class B magnet wire is needed, but where
the winding operations from the standpoint of abrasion, small
bending radii or forming stresses are too severe to permit
the use of all glass insulated wire. Use of Vitrotex-D on
rectangulars results in thinner insulation and thus improves
space factor.

ELECTRICAL PROPERTIES. As in the case of Vitrotex, Vitrotex-D
is offered as a 130°C (AIEE Class B) magnet wire. The same
high-grade, organic bonding varnish is used in Vitrotex-D
asin Vitrotex—giving this wire similar high electrical properties.
CHEMICAL PROPERTIES. The chemical properties of Vitrotex-D
are similar to those of Vitrotex except, since Dacron is a
polyester, care should be taken in the selection of the proper
varnish.

THERMAL PROPERTIES. Vitrotex-D shows the same general ther-
mal properties as Vitrotex—with excellent aging and heat-
resistance. Since less glass is present in the covering, less pro-
tection is provided under severe overload conditions.

SEE THE MAN FROM

FOR

MAGNET WIRE

Anaconda Wire & Cable Company, 25 Broadway, New York 4, N. Y.

TEAR QUT FOR YOUR FILE



HIGH TEMPERATURE
COMPONENTS

POTENTIOMETERS

MINIATURE
PRECISION

ROTARY

TRIMMERS EPOXY ENCAPSULATED

CHOKES & COILS

The Waters’ complete line

of rotary trimmer and min -
iature precision potentiom
eters is derated to 125° €

N

AVAILABLE TO 125" C

The new Waters family of epoxy encapsulated chokes
offers a wide range of inductances from 0.luh to

CER — Epoxy Encapsulated
Round Molded

standard and is NOW
AVAILABLE TO
150" C.

ROTARY TRIMMER
POTENTIOMETERS
are built, tested and certi-
fied® to rigid military en
vironmental specifications
and are available in a wide
variety of mechanical con-
figurations: ganged, tapped,
with various electrical and
mechanical angles, locking
bushings, anti-rotation pins,
‘0" ring seals, custom
shafts, or with the new
Waters concentric shaft con-
struction that provides two

F pots on a single mounting
3Y = with two separate controls
4

3

2% MINIATURE PRECI-
fy,’//’(ir\

| i "z SION POTENTIOM-
gy ETERS are built, tested

and certified* to such rug-
ged specifications as: AlA,
RETMA, JAN-R-19. MIL-E-
5272A, and other applicable
military specifications. This
new line of single-turn pots
packs Waters quality, per-
formance and reliabilityinto
smaller-than-ever size.

Write for the new potenti-
ometer catalog.

precision potenti

i T” O
HOT PO 1 watt at 200 C

i erature pot [
This new high temp i e
i ion in your Mgh v
consndgraho&;m‘yess steet, 1 X Ya
welded construction

e
in high temperature component T
wound on 3 ceramic cc_)re. _
complete informatio

pOT” with its

t
!
'
i
:
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“Complete data on request. §

n on request.

WP V2

200.0MH. Among the wide variety of physical con-
figurations is a flat side type with axial leads for use
in printed circuits. It also provides an index surface
for automated production. With heavier components,
printed circuit mechanica!l mounting leads are pro-
vided for extreme shock and vibration isolation

A tubular model is provided with leads at one end
for use in printed circuit or conventional high temper-
ature applications.

Inciuded in the new encapsulated choke family is
a complete line conforming to MIL-C-15305A, Grade 1,
Class B.

Shielded encapsulated chokes, which mount with
two 6-32 spade boits are also available.

Write for the new encapsufated choke catalog.

CES — Epoxy Encapsulated
Flat Bottom

CPC — Epoxy Encapsuiated

Flat Bottom with Leads

CPA — Epoxy Encapsulated — Aluminum Can

CCA — Epoxy Case —Axial Leads

CCS — Epoxy Case
Leads Single Ended

g: | S

CPS — vinyl Sleeve

*
.

CCT — Epoxy Encapsulated
— Ceramic Sieeve

Epoxy
Encapsufated Slug-
tuned coil form

RIBBED CERAMIC SLUG-TUNED

ometer COIL FORMS

New rugged ceramic coif forms. Ribbed con- %
struction permits leads to be brought under

. i . CERAMIC RIBBED COIL FORM STACKING windings to lugs, eliminates ioose leads.

now available 10 AN GRADE LS T SHOWDER) | Relractable type bushing allows ‘core to

ircuit deS\gﬂsA SOLOER LUG. BRASS HOT TINNEO enter bushing providing more effective

'Ufe c h “HOT ;ucs- “ECYABI:IN(; RING N . \l winding area. Unique internal permanent-

i . . R BIAK S o tension device eliminates loose parts. New
1 NICK \T| . 1

offers the u\t\mat_e CHEL PLATED : ﬁ‘{}— -‘-_ =\ 'l design permits forms to be stacked, or have

Hability E\ement is WESE | bushings on each end for double tuned

1abt g = | /5 fn coils. Special windings can be supplied to

T L‘ l“ S Do =1 | meet your specifications. Wide choice of

! SN TS = slugs available for various frequency ranges.

Write tor the new coil form catalog.

Potentiometers, Pot Hook® Panel Mounts, Panel Meters, Epoxy
Encapsulated Chokes, RF Coils, Siug-Tuned Coil Forms, Torque
watch@®) Gauges, Instruments, Potentiometer Test Equipment

INC.

MANUFACTURING
Wayland, Massachusetts
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ping an f-m station for compatible
stereocasting is about $5,000. In
addition to the KGLA installation,
Fordham University’s WEFUYV, as
well as station WBAI, New York,
say thev're planning to begin com-
patible sterco opcrations.

Petitions for rulemaking have
been submitted to FCC in connee-
tion with compatible sterco. If ap-
proved, a sct of standards will be
cstablished to define the shape of
what one broadcaster calls *“the
sound of the future.”

Business Band Starts Aug. 1

Two weEks from todav, August 1,
the FCC-cstablished — Business
Radio Service gocs into cffect.
Eligible is “anv person engaged in
a commercial activity.”

Others that will benehit by the
action arc educational, philan-
thropic and ceclesiastical institu-
tions as well as hospitals, clinics
and medical associations.

The new Business Radio Scrvice
(ErEcTrONICS, p 18, May 30)
absorbs the Low Power Industrial
Scrvice and portions of the Special
Industrial and the Citizens Radio
Services.

To sct up the new service, FCC
rcallocated 6.550 me in the 460
to 470-mc band f{rom the Citizens
Radio Service to the Industrial
Radio Service.

Commission has also retained
2450 mec in the same spectrum
area for the Citizens Radio Service.
Of this, 1.900 mc are being held in
reserve for possible future alloca-
tion.

Pending futuwre developments,
class B Citizens Stations will be
allowed to operate within a +.950-
me portion of the band centered
approximately on 465 me.

Sky Sentinels Use Computer

<ot
ti=g 4

Other scctions of the commis-
sion action provide for regular as-
signment of all industrial frequen-
cics in thie 450 to 470-mc band, and
reduction of channel spacing in
that portion of the spectrum as
well as in the 27.23 to 27.28 and
162 to 174-mc bands.

Also cstablished by the same
ruling arc  the Manufacturer’s
Radio Scrvice for manufacturers
and the Telephone Maintenance
Radio Scrvice for common carriers,

New Avalanche
Devices Pushed

RUSSIAN SENICONDUTOR cxperts re-
port that precise calculations of
avalanche processes are helping to
creatc  nmportant  new  deviees.
T'hese deviees promise operation at
frequencies “hundreds  of  times
higher than at present”.

Phvsics  institutec  of USSR
Academy of Sciences savs aval-
anche processes result from shock-
lonization caused bv clectrons in
strong clectric ficlds. Proceses are
said to take place within one
billionth of a sccond.

Air Defense officers at SAGE Command Post, McGuire AFB, N. J., watch the
air situation over New York and Philadelphia arcas. IBM computer presents an
up-to-thesecond visnal display of air uctivities

18

MEETINGS AHEAD

July 24.25: Computers and Data Proc-
essing, Denver Research Inst. Annual
Symposium, Albany Hotel, Denver,
Col.

July 29-31: Airlines Electronic Engi-
neering Committce, AEEC, Cosmo-
politan Hotel, Denver, Col.

Aug. 1-3: Texas Elcctronic Clinic and
Fair, Statler-1lilton Ilotel, Dallas,
Texas.

Aug. 6-8: Special Tech. Conf. on Non-
linear Magnctics and Magnctic Am-
plifiers, AIEE, Hotel Statler, Los
Angeles.

Aug. 13.15: Conf. on Electronics
Standards and Mecasurements, AIEE,
IEE, NBC, National Burcau of
Standards Labs., Boulder, Col.

Aug. 13-15: Conf. on Electronics
Industrial Applications of X-ray Anal-
vsis, Denver, Col.

Aug. 18-23: [nternational Conf. on
Semiconductors, International Union
of Pure and Applied Physics, Roch-
ester, N. Y. Contact: M. H. Hebb,
GE, P.O. Box 1088, Schenectady,
N. Y.

Aug. 19-22: Western Electronic Show
and Convention, Los Angeles, Calif,,
\WESCON, IRE, WCEMA, Pan
Pacific  Auditorium,  Ambassador
Hotel, L. A.

Aug. 21-23: Annual Emporium Section
Meeting, IRE, Contact: D. L. Ver-
gason, Sylvania Electric, Emporium,
Pa.

Aug. 25-29: Electronic Properties of
Metals at Low Temperatures, Inter-
national Union of Pure and Applied
Physics, Geneva, N. Y. Contact:
M. D. Fiske, GE, P.O. Box 1088,
Schenectady, N. Y.

Aug. 26-Sept. 6: British National Radio
Show, Radio Industry Council, Earls
Court, London.

Sept.1-7: Int’l Conf. for Analog Com-
putations, Strasbourg, France.

Sept. 3-5: Application of Electrical In-
sulation, First National Conf., AIEE,
NEMA, Cleveland, Ohio.

Sept. 12-13: Connnunications Conf,,
[RL, Sheraton Monrose Hotel, Cedar
Rapids, Towa.

Sept. 15-19: Thirtcenth Annual Instru-
ment- \utomation Conf. and Exhibit,
ISA, Philadelphia Convention Hall,
Philadelphia, Pa.

Scpt. 18-19: National Assoc. of Broad-
casters, Ifall Conf., Buena Vista
Hotcl, Biloxi, Miss.
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FOR SLIP RING APPLICATIONS

SLIP RINGS . . . Diameter from 3" to 48" and larger. Rings
are plastic molded, electroplated, electroformed or fabricated.
Annular or cylindrical rings are formed of both solid and
B, Es laminated metals. SLIP RING ASSEMBLIES . ., . All sizes 110

MAKEPEACE 400 circuits, Performance closely approaches that of a uniform

DIViISION cable. Crosstalk between circuits similar to shielded cable;
impedance match ot video frequencies like matched coaxial cable,
of radio frequencies sufficiently close for many applications.
D. E. Makepeace Division, Attleboro, Mass.

CIRCLE 151 READERS SERVICE CARD

FOR ULTRAVIOLET TRANSMISSION

AMERSIL FUSED QUARTZ . . . Ideal for use in high ultraviolet
transmission applications and as laboratory ware, ranging

from plain tubing to many intricate fabrications. Ingots and
plates available in general commercial quality as well as in
three special optical grades: OPTOSIL®, practically bubble-free
=very slight granular structure; HOMOSIL®, completely free
of bubbles—just the faintest traces of granular structure;

and ULTRASIL®, completely homogenized~—increased

UY transmission,

Amersil Quartz Division, 685 Ramsey Avenue, Hillside, N, J.

/ e / CIRCLE 152 READERS SERVICE CARD
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FOR PURIFYING AND PURIDRYING

DEOXO® PURIFIER . .., provides low-cost catalytic purification
of hydrogen and other gases to the extent of less than

one part oxygen per million. Requires no operating expense,
no maintenance, no reactivation, no auxiliary heating,

no water cooler, DEOXO® DUAL PURIDRYER . . . combines

continuously-operating, dual tower, automatically-run drying

unit with the features of Deoxo Purifier—catalytically
produces pure, dry hydrogen, so pure it contains less than
one part oxygen per million, so dry that it has a dew point
of better than —100° F,

Chemical Division, 113 Astor Street, Newark 2, N, J

CIRCLE 153 READERS SERYICE CARD

( ENCELHARD INDUSTRIES, INE.)

*

113 ASTOR STREET
NEWARK 2, NEW JERSEY,
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RELAYS with
POSITIVE MAGNETIC LATCHING

I
|
|
BALANCED ARMATURE :
|
I
l
I
I

el
The new Leach magnetic latch relay assures positive
latching under the most severe conditions

of shock, acceleration and vibration in airborne

and electronic applications.

This revolutionary magnetic latch relay has two
coils and a large, permanent magnet.

Leach’s exclusive balanced armature and contacts
are held in position magnetically — corresponding
to the last coil energized.

e e e s —— — — ——— —— s i it it | i r— —— _ ot
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MAGNETIC LATCH RELAY
Type 9228 4 PDT, 5 amp, 3 amp, microamp

FEATURES

Available in a variety of types
from 2 PDT to 6 PDT

Contact ratings from micro-
amp to 15 amp

Hermetically sealed and 100%
seal-tested

Choice of stud, bracket or
plug-in mountings

Solder lug, plug-in or potted
lead terminals

Solid or bifurcated contacts
Coils for dc or ac applications

TYPICAL RATINGS

Normal operating voltages—ac and dc—
6-115 volts

Contact ratings @ 28 vdc or 115 vac
single phase
Resistive—3 amp @ 125°C

—5 amp @ 85°C (dc only)

Inductive — 1.5 amp
Motor load —1.5 amp

Rated duty —continuous

Minimum operating cycles— 100,000
Weight —approx. 0.35

Shock —50 G's

Vibration—15 G's to 2,000 cps
Temperature range ——70°C to +125°C

o
ST ||u||||||||!|-nu||II!I'II

N

Applicable specifications—MIL-R-6106C Class A5, A8, BS,
minimum current tests applicable— MIL-R-5757B Class A and B
Mention your special requirements such as microamp
switching, high vibration, special mountings.

v e N e it e Rt C e o T g e e e (s VN, ey et

SEE FOR YOURSELF how Leach magnetic latch
relays surpass all others in positive latching and
in electrical and environmental specifications.
Write today for catalog and complete information.

LEACH RELAY

I

A division of 5915 Avalon Boulevard, Los Angeles 3

CORPORATION
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Eimac Announces...

1K20 Series X and K Band Klystron (left)
1K125C Series C Band Kiystmn (right)

Six New Ceramic Reflex Klystrons

Two important frequency ranges in the C, X and K bands
are now covered by Eimac ceramic reflex klystrons.
Eimac's advanced stacked ceromic design gives these
tubes exceptional ruggedness and frequency stability.

The four new tubes of the 1K20 series cover 8500 to
11,700 Mc. at power levels to 50 milliwatts. These tubes
are specifically designed for use in the severe vibration
and temperature environment of air-borne and missile
radar systems. They will withstand vibration levels of 15G
in any reference plane with less than 100 kilocycle fre-
quency deviation. Rated for use at any altitude, the 1K20
series tubes are conservatively rated at +250°C seal tem-
perature. A new non-contacting, non-microphonic tuner
permits noise-free tuning of the tubes through their com-
plete ranges. Low beam voltage requirement and simple

For further information request a copy of the brochure
“A New Line of Eimac Reflex Klystrons™

EITEL-McCULLOUGH, INC.

CALIFORNIA '
Cable Address: EIMAC, SAN BRUNO

Eimac Penol for ceramic reflex klystrons b ;

SAN BRUNO,

radiation cooling minimize the weight and complexity of
associated equipment.

Two new C-band tubes comprising the 1K125 series cover
3700 to 5000 Mc. Power levels up to 2 watts make these
tubes ideal fcr reliable broadband po nt-to-point com-
munication. Tuning by dielectric slug rather then variable
RF gap avoids sensitivity to shock and vibration. Integral-
finned cooler and higher operating temperature ratings
minimize cooling requirements.

Eimac know-how in the field of ceramic-metal tube design
now brings compactness, ruggedness, high performance
and reliability to these important microwave frequencies.

r -

e

GENERAL CHARACTERISTICS

3 Power Qutput Reflector

Type Freq. Range Mc. Beam Voltage Range Voltage

1K125CA . 3700-4400 1000 vdr 15t02.0W 0 to —500 Vdc
1K125C8 . . . 4400-5000 1000 Vdc 201023 W 0 to -—500 Vdc
HH20XS 21 ol gl 2 8500-9300 300 Vdc 2510 50 mW 0 to —250 Vdc
LK20XHG e 9200-10,000 300 Vde 25 10 50 mW 0 to —250 Vdc
1K20xb . . . . 10,000-10,800 300 Vdc 25 to 50 mW 0 to —250 Vdc
1K20kA . . . . 10,700-11,700 300 Vdc 25 to 50 mW 0 to —250 Vdc A
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Venus, in blue light. 200-inch Palomar telescope.

SPACE FLIGHT and NUCLEAR PROPULSION

A drastic reduction in vehicle mass ratios...substan-
tially increased specific impulse values. ., a capability
for achieving very high specds...these are some of
the significant advantages that will come from the
application of nuclear energy to space flight.

A number of different propulsion systems have been
proposed to utilize nuclear reactions. The simplest
system consists of a fission reactor through which the
propellant is passed, heated, and then expanded
through a rocket nozzle. Fission rcactors can also be
employed as a source of energy to generate electric
power, which in turn can be used to accelerate ions
or charged particles, or to create and accelerate a
plasma. And fusion reactors, when developed, can be
used to generate electric power for the same purposes.
In addition, in the case of the fusion reactor, there is
the attractive possibility that the rcaction energy can
be used directly without conversion to electric power.

The fission-powered thermal propulsion system will
probably constitute one of the next major advances in
space technology. As an example of the gain which
can be achieved, consider a vehicle with a payload
weight of about 25 tons for a manned flight to one of
the nearer planets, landing, and returning. Powered

by chemical rocket engines, the takeoff weight for such
a vehicle would be 50,000 tons. But powered by a
fission-thermal propulsion system, weight at launch
would not cxceed 500 tons...a 100-fold reduction in
the mass ratio. Considerably greater gains are pre-
dicted for the more advanced systems.

Systems studies and advanced research in the appli-
cation of nuclear energy to the requirements of space
flight are in progress at Space Technology Laboratories.
This work illustrates the emphasis at STL on the
cxploration and development of new concepts and
techniques in ballistic missile and space technology.

Both in support of its over-all systems engineering
responsibility for the Air Force Ballistic Missile Pro-
gram, and in anticipation of future system require-
ments, STL is engaged in a wide variety of analytical
and experimental research. Projects are in progress
in clectronics, aerodynamics, hypersonics, propulsion
and structures.

The scope of activity at Space Technology Labora-
tories requires a staff of unusual technical breadth
and competence. Inquiries regarding professional
opportunities on the STL Technical Staff are invited,

SPACE TECH NOLOGY LABORATORIES
A Division of The Ramo-Wooldridge Corporation

5730 ARBOR VITAE STREET * LOS ANGELES 45, CALIFORNIA

CIRCLE 16 READERS SERVICE CARD
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fhe finest of materials...

superior engineering know-how . . .
combine to build in El-Menco

Dur-Mica Capacitors the highest
reliability . . . to give fong, ever-ready,
powerful service in electronic equipment
— from lightning-fast giont brains to
tiny transistor receivers.

* unique features in
El1llenco s -spiae

@ Specially-selected, highest-grade
India Ruby mica films . . . pre-tested to

have highest insulation resistance . . .
greatest dielectric strength . . . lowest
dissipation factor. Specially developed

dipped coating retains the superior
properties of India Ruby mica.

T TAe ! lenco

@ Debugging — the removal of early
failures by subjecting mica capacitors to
short life tests at elevated voltages and
temperatures . . . THE SCORE . . .
DM30, 10,000 MMF, "Debugged”
El-Menco Dur-Mica Capacitors . . .
subjected to 257,000 hours of life at
85°C with 100%, of the rated DC
voltage applied . . . turned in a record
computed reliability performance —
APPROX. 0.6% CUMULATIVE FAILURES
OR ONLY 1 FAILURE PER 43 MILLION
UNIT-HOURS.

€] Menco “Dur-Micas”

have proved their tfremendous power
and ability under accelerated conditions
of 1% times rated voltage at ambient
temperatures of 125°C and 150°C,
winning out over all others in longest
life, most powerful performance,
smallest size, greatest stability.

Avoid Costly Breakdowns.,

- DM15, DM16, DM19, DM20,
with

o ST ; $340041% DM30, DM40, DM42, DM43 . . .
Ich>- cz le" bili i : perfect for extreme miniaturization;
TARCcge iR T l'mencu | ideal for new miniatured designs and

printed wiring circuits. New "hairpin”
parallel leads insure easy applications

390+ 10% in radio, television, guided missiles.
D El-Menco Dur-Micas meet oll humidity,
temperature and electronic |
requirements, including military specs.
DM1S ‘ DMm4?2
ACTUAL
i SIZE
¢ i
Write for i i
FREE sample and catalog L '
on your firm's letterhead.

THE ELECTRO MOTIVE MFG. CO., INC.

Manufacturers of El-Menco Capacitors

WILLIMANTIC CONNECTICUT
e molded mica e mica trimmer e dipped paper
e tubular paper e ceramic feed-thrus e silvered mica films e ceramic discs

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers and Distributors in the U.S. and Canada
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Whichever -hp- oscilloscope
these new, time-saving

T
T

dc to 300 KC — $650.00

-hp- 130A/BR Low Frequency
Oscilloscope.

dc to 10 MC —$1,100.00

-hp- 150A/AR High Frequency Oscilloscope.

World’s premier hf oscilloscope. 24 direct-reading
sweep times; sweeps 0.02 usec/cm to 15 sec/cm. Uni-
versal automatic triggering wherein one preset condi-
tion insures optimum triggering. Plug-in amplifiers
for high gain or dual channel operation (see opposite
page). Cabinet (150A) $1,100.00. Rack (150AR)

$1,200.00.

-hp- 152B Dual Trace Differential
Amplifier
New plug-in- amplifier providing differ-
ential input and dual traces electroni-
cally switched between A and B channels
at either 100 KC or on alternatesweeps.
Sensitivity range 0.05 v/cm to 50 v/cm,
input attenuator with 9 calibrated
ranges in 1-2-5-10 sequence and vernier.
$250.00.

Similar horiz. and vert. amplifiers; input cir-
cuits balanced on 6 most sensitive ranges. Single
ended input dc or ac coupled; direct reading,
needs no pre-amplifier with many transducers.
Brilliant, high resolution trace. Universal auto-
mati¢ trigger. -hp- 130BR (rack) similar to
130A except includes x 5 magnifier for all
ranges which expands fastest sweep to 0.2 psec/

cm. 130A (cabinet) or 130BR (rack) $650.00.

H T g o i
BT =
,....’ =.

-hp- 153A Very High Gain
Amplifier

New plug-in permitting -4p- 150A to be
used for many direct medsurementsfrom
transducer without preamplification.
Pass band dc to 500 KC, sensitivity 1
mv/cm to 125 v/cm, balanced input on
the 6 most sensitive ranges. 15 calibrat-
ed ranges in 1-2-5-10 sequence, 1 mv/
cm to 50 v/cm; plus vernier. $125.00.

New amplifiers and accessories

R PP e
:;»A:E .‘:.;..::,g;: Q

-hp- 151A High Gain
Amplifier

For either 150A or 150AR, high gain
unit with 5.0 mv/cm sensitivity, fre-
quency response dc to 10 MC. 12 cali-
brated ranges on 0.5, 1-2-5 sequence. 1
megohm input impedance with 27 upf
shunt. Pass band rise time 0.035 usec.
Has 2 BNC terminals. $200.00.

provides 6 differént oscilloscopes!

CIRCLE 18 READERS SERVICE CARD
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you choose, you get

convenience features...

immediate delivery; see
your- -hp- rep now

direct reading, high
accuracy

universal automatic
triggering

color-coded controls,
simplest to use

‘“no-pre-amp”’ operation from

dc to 200 KC — $435.00 many transducers

-hp- 120A/AR Industrial Oscilloscope. .
For lab or production line work, outstanding value hlgheSt performance!
and performance. Automatic trigger, 15 calibrated outstanding value

sweeps in 1-2-5 sequence, sweep speed range 1 psec/
cm to 0.5 sec/cm, x 5 sweep expansion all ranges,
automatic synchronizing on all internal or external
voltages, including line power. High sensitivity, cali-
brated vertical amplifiers, all power supplies regulat-
ed. 120AR rack mount instrument only 7’ high. Ut-
most dependability ; extra rugged construction. 120A
(cabinet) or 120AR (rack) $435.00.

increase convenience of your 150A

~-hp- 115A Oscilloscope Testmobile
Most convenient mobile oscilloscope mounting. For 150A
Oscilloscopes but usable with other instruments. Rolls easily
| on large 4" rubber-tired wheels. Extra-sturdy construction
- of 7/8" tube stock, gleaming chrome throughout. Oscillo-
scope shelf tilts 30° in four 7-1/2° increments for better
viewing. $80.00.

-hp- AC-21C 50:1 Voltage
Divider Probe

A 50:1 divider with high 10 megohm Data subject to change without notice. Prices f.0.b. factory.
input impedance and low 2.5 paf input
capacitance. Convenient “pen” size for
maximum handling ease. Probe hasdur-
able, attractive nylon barrel, alligator

clip contactor. $25.00.

HEWLETT-PACKARD COMPANY

4649A PAGE MILL ROAD ¢ PALO ALTO, CALIFORNIA, U.S.A.
CABLE '‘HEWPACK'® ¢ DAVENPORT 5-4451

FIELD ENGINEERS IN ALL PRINCIPAL AREAS

See your -hp- representative!
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FLEXIBILITY IN THE FIELD...

just one of the many useful features of

® Measures 150 kiloeycles to 1000 megacycles
accurately and quickly with only one meter.

® Approval status: MIL-I-6181B, Class 1
MIL-I-6181C, Category A; MIL-I-26600
(USAF;

® Direct substitution measurements by means

of broad-band impulse calibrator, without
charts, assure repeatability.

® Self-calibrating, for reliability and speed of
operation.

® True peak indication by direct meter reading
or aural slideback.

AMSTERDAM, NEW YORK

CIRCLE 20 READERS SERVICE CARD

any other three separate instruments,

located from its antenna,
for personnel safety,

® Four interchangeable plug-in tuning units,
for extreme flexibility.

® Economical . . . avoids duplication.

® Safeguards personnel . . . ALL antennas can
be remotely located from the instrument with-
out affecting performance.

® Compact, built-in regulated A and B power
supply, for stability.

® Minimum of maintenance required, proven by
years of field experience.

Only the Model NF-105 is so simple to operate that one technician can take readings
over the entire frequency range in less time than required by three engineers manning

Send for our Catalog No. N-357

EMPIRE DEVICES PRODUCTS CORP,

VICTOR 2-8400

MANUFACTURERS OF:
FIELD INTENSITY METERS e DISTORTION ANALYZERS e IMPULSE GENERATORS e COAXIAL ATTENUATORS e CRYSTAL MIXERS
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| BETA
130 at 1 amp
HIGH 30 at 5 amps

cho -40V, -60V, or -80V

I_ 0 w lco 2mA at rated voltage

Res less than .05 ohms

ACTUAL S1ZE

You get high current gain and power output with linear 140 ’\ —hh ot
transconductance and extremely low distortion when you sl \ e S A Y
specify TI PNP germanium power transistors. Assurance \

of performance as specified results from checking I¢q B e

at half as well as full rated voltage, and by checking beta _E__ 80

again at low voltage (Veg =1.5V) and at two current f::%

ratings (1 amp and 5 amps). Ideally suited for your audio __EE fag

amplifier, current switching, and power conversion appli- ._g 21 40

cations, TI 2N456, 2N457, and 2N458 germanium power Qs I N
transistors dissipate 50 watts with —40, —60, and —E T 2°I !
—80Vgp ratings. .. BVegg ratings average 20 volts ' 0 - ot
higher for each transistor. A i o e ]
Check the specifications below for the unit most | COLLECTOR CURRENT — AMPERES
appropriate to your particular requirements. —

maximum ratings at 25° C* = 2Ns56  2N457 2N458

Vego Collector to Base (I¢ = —2.0mA) —40 —60 —80

Veex  Collector to Emitter ) .
(Ve = +0.2V, 1¢ = —2.0mA) —40 —60 —80 £ . TYPICAL THERMAL RESISTANCE —|1.I °C/W ==
Emitter to Base (Ig = —2.0mA) —20 —20 -20 v MAXIMUM THERMAL KESISTANCE - 1.4 °C/W wem
Total Dissipationt 50 50 - 50
Collector Current 5 5 5
Base Current’ : 3 3 3
Junction Temperature 85 95 95

MAXIMUM DISSIPATION — WATTS

typical characteristics at 25° C*

BVcgo Collector to Base Breakdown Voltage
(lc = —10mA, Ig = 0) 50V 1 =80 . =l000 *
hee Forward Current Transfer Ratio
(I = —1.0A, Veg = —1.5V) 130 130 130
(lc = —5.0A, Ve = —1.5V) - 30 30 30
Common-Emitter Saturation Resistance
(lc = —5.0A, Ig = —1.04) 0.048 0.048 0.048
Thermal Resistance from Collector
Junction to Mounting Base 1LY 1.1 1.1

* Temperature is measured on mounting base.

|

MOUNTING BASE TEMPERATURE —°C
T For operation at higher temperatures refer to the Derating Curve. {"—

AVAILABLE NOW IN PRODUCTION QUANTITIES
NEW 310,000 sq. ft. SEMICONDUCTOR-COMPONENTS DIVISION HOME

e TEXAS INSTRUMENTS"
‘m‘ e oon—zoep:u:l\u;: |:E|v2|on" !

ADVANCED FACILITIES FOR THE MOST ADVANCED COMPONENTS ... TO MAKE YOUR GOOD PROOUCTS BETTER

R
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MEETING MIL-T-19500A
Military Specification For Transistors

Stringent military requirements de-
mand that transistors do not fail

in operation.

The tests described below are per-
formed on all General Transistor
types to insure continuous, high
quality performance. Every produc-
tion lot is sampled on a daily basis.
The criterion for these tests is MIL-
T-19500A, Military Specification for

Transistors,

Prior to, and upon completion of
each of the mechanical tests
described below; collector cutoff
current, emitter cutoff curreni, and
D. C. current gain are measured and
recorded., The end point valves of
these critical electrical porameters
must not exceed the limits as set
forth in the applicable military
specification.

1. Physical dimensions—The tran-
sistor is examined to verify that all

physical dimensions are as specified.

2. Lead solder test—The leads of
the transistor are immersed for 10
seconds in molten solder, at 230°C, to
a point of 1/16 of an inch from the

case of the transistor.

3. Temperature cycling test—The
transistor js subjected to five tempera-
ture cycles:—65°C minimum tempera-
ture for 15 minutes, room ambient tem-
perature for 5 minutes, and 85°C

maximum temperature for 15 minutes.

4. Glass strain test—The transistor

is completely immersed in water at
85°C for 15 seconds and, immediately
thereafter, in water at 0°C for 15

seconds.

5. Moisture resistance test—The
transistor is subjected to varying tem-
perature and humidity cycles: 25°C
with 509%, relative humidity, 65°C with
90-95% relative humidity, and then
back to 25°C with 50% relative
humidity. One cycle is 8 hours in dura-

tion, and the test consists of 10 cycles.

General
Transistor’s
JETEC 30
Case

5
:,v j

6. Shock test—The transistor is sub-
jected to five blows from each of four
different orientations, each with an ac-
celeration of 500G and a duration

of 1ms.

7. Centrifugal acceleration test
—The transistor is restrained by its
acceleration of
20,000G is then applied to the tran-

sistor for one minute in each of three

case. A centrifugal

different orientations. The acceleration

is then gradually decreased to zero.

8. Vibration, fatigue test—The

transistor is rigidly fastened on a vibra-
tion platform and is subjected to a
simple harmonic motion at a single
frequency between 40 and 100 cps,
for 32 hours in each of three orienta-
tions, with a constant peak acceleration

of 10G.

9. Salt spray (corrosion) test—
After 100 hours of salt spray, the tran-
sistor is washed, brushed, air blasted,
and then permitted to dry for 24 hours
at 40°C. The transistor is then examined
for any destructive corrosion or loss of:
plating which interferes with mechanical

or electrical performance.

10. Lead fatigue—Any two con-
secutive leads on each transistor are
selected. A pull of 16 ounces is applied
to each lead, for three 90° arcs of the
case. The transistor is then examined

for broken leads.

11. Storage life test—The transistor
is stored at a temperature of 85°C for
a period of 1000 hours. During this
test, measurements are made at inter-
vals of 0, 250, 500 and 1000 houvrs.

12. Operation life test—For a
period of 1000 hours and at a tem-
perature of 25°C, the transistor is sub-
jected to the operation life test. During
this test, measurements are made at
intervals of 0, 250, 500 and 1000

hours.

Write for transistor Application Note
3-58 "The Effects of Long Term Aging
on Computer Transistors."

GENERAL TRANSISTOR CORPORATION

T 91-27 138th PLACE « JAMAICA 35, NEW YORK

28 CiRCLE 22 READERS SERVICE CARD
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Dr. Barkley, with 13 years experience in research and re-
search management, directs and plans all activities listed
at right—but still finds time for fishing and golfing only
minutes from home. Dr. Barkley is one of the reasoss
our castomers say, *'At General Mills, we get results.”

In research—meet a man who gets results . ..

This General Mills scientist could be solving
one of your major problems right now

He’s Dr. John Barkley, our director of research. Like all our people, Dr. Barkley works
and lives in an atmosphere that is conducive to creative thinking.

The research department he directs is staffed with highly capable scientists—including
several with national and international reputations in their special fields. Our facilities are
modern, efficient and well equipped for carrying out basic studies in frontier fields of science.

Qur research activities cover broad areas in physics, chemistry, mechanics, electronics and
mathematics. Some of the studies representative of these activities are:

Solid state physics investigation
Special and ultra-pure materials
lons in vacuum

Sputtering by bombardment
Electron physics

Surface electron microscepy
Surface phenomena

Onptics

Particle mechanics
Lighter-than-air vehicle concepts
Meteorociogy

Rheology

Physical Chemistry
Applications of plastics
Radiation research
Magnetic phenomena
Plasma dynamics

lon dynamics and propulsion
Geophysics

High altitude physics
Physical instrumentation
Information theory

We team this research with engineering and fine precision manufacturing to serve the
nation’s most exacting customers. We'd like to serve you.

MECHANICAL DIVISION M?"S

1620 Central Avenue * Minneapolis 13, Minnesota

General



New controlled rectifier does all these

. General Electriec Semiconductor News

) Circuit
Pawer S Breaker
Transistors

M e

b

Switch

Srrnen
M21324110

{Resistive or inductive Load)

ZJ39A ZJ39A ZJ39A \2J39A
40 75 100 250 300
Continvous Peak Inverse Voltage (PIV) 40 75 250 300 v
Transient Peak Inverse Voltage (Non-
recurrent > 5 millisec) 60 100 350 400 V
RMS Voltage (Vrms) 17.5 28 53 i 175 218 vV
Average Forward Current (Ip) Up to 16 amperes

Peak One-cycie Surge Current (i surge) 150 amperes
Minimum Forward Breokover Voltage (Veo) 25 | 40 1 75 ] 250 300 V
Maximum Forward Voltage (Ve Ave.) 0.75 Volts {Full Cycle Average)

Maximum Reverse Current (Ir) 5 ma (Full Cycle Average)

25 ma

3 Volts

Finer performance of G-E low-current silicon rectifiers
now within reach for all your requirements

MAXIMUM RATINGS AND SPECIFICATIONS Thelkime hos comerto gesonsidenpesible &
plications of G.E.’s outstanding low-current
bl 4. Dic o - silicon rectifiers in the 1N536, 1N440 Series
- N ne- uil-Loo . .

Cont. | Output| Output cycle Forward oAmbim' (150°C line) . . . the 1N1487 Series (125°C
RMS |Reverse] (150°C | (50°C Surge Voltage | Leakage | Operating . .
PIV [Voltage|D-CVol Amb.} | Amb.) [ Current |- Drop | Current [ Temp. line) . . . and four recently added Iypeshl
the 100°C area, the new 1N1692 Series.
You’ll find these devices more attractive to

1N536-40, 50-600] 35-420| 50-600250 750 15 0.5 0.4.0.3 165 X q -
1N1095.96 series use than ever before—both in quality and
. price—with equally fine values in low-cur-

1N440B-4458 series 100-600| 70-420100-600 |300-500 }300-750 15 0.5 150-165 0 . < .
1100°¢C) rent silicon stacks. Stud-mounted units are

. also available.
1N1487-92 series 100-600) 70-420]700-600 |250 750 5 0.55 0.3 140 o i ]
252506 General Electric low-current silicon recti-
fiers are designed for maximum forward con-
1N1692-95 series 100-400} 70-280| 100-400 250 600 20 0.6 0.5 178 s .

mooecyfisoeq) ductance at high operating temperatures.
votstll vas et g s e - og High current' loads are carried without e,\:-
ternal heat sinks. Reverse current at maxi-
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jobs, and more=prices reduced S0%

Price reductions in some cases greater than 50% will enable

The ZJ39A Silicon Controlled
Rectifier can do the job of

hundreds of new users to become acquainted with General

Thyratrons
Ignitrons

Magnetic amplifiers
Power transistors
Relays

Switches
Contactors

Circuit breakers

Electric’s new silicon controlled rectifier.
Neither a transistor nor a rectifier, this remarkable device
combines features of both. In the reverse direction it acts

like a standard rectifier. But it also blocks forward current

.in these applications . o . .
until either a critical breakover voltage is exceeded or a

Static switching

DC motor contro!

DC power regulation
Variable DC supplies
DC to DC converters
Frequency changers
Inverters

Dynamic braking
Constant current supplies
Pulse width modulation
Ignitron firing

Welding control
Temperature control
Power pulse generator

signal is applied to the third lead. Then it switches to a cons
ducting state and performs exactly like a forward-biased
silicon rectifier.

The controlled rectifier offers the circuit designer current
ratings comparable to thyratrons, blocking voltages useful
in industrial circuits, complete control of current turn-on

... and many others without complicated circuitry, and switching speeds in

microseconds.

While in many ways similar to the gas thyratron, the con»

trolled rectifier provides faster firing and recovery times,

very low forward voltage drop, higher efficiency, absence of

'

2Nz | £ 040
‘ t rzso
428

360 o4

filament with attendant warm-up delay and power consump-

tion, and higher-temperature operation.

T L] om0
o iy |

caxred Lad
|
|

Check the sample ratings and suggested applications at
left. Application data and specifications will be sent on request.

|
|
—

|

- .51

* 00!
005
By 562 ——
— 0% L 1
2.075 NOTE: STUD IS ANODE
20 CONNECTION

For fast delivery, lower prices,
see your local G-E distributor!

mum junction temperature is maintained at an
extremely low level, making these devices ideal for
low-leakage applications.

A recent check shows that General Electric transistors and rectifiers
are being sold by local tube distributors for within pennies of the
factory price on quantities less than one hundred—with the impor-

Minimum forward voltage drop and a hermeti-
cally sealed case have produced silicon rectifiers
whose reliability exceeds all existing MIL specs.
A comparative evaluation shows that G-E devices
have the highest resistance to thermal runaway at
maximum full load operating temperatures. Ther-
mal shock and temperature-cycle tests show a closer
match of materials for expansion and contraction,
to protect against breaking the hermetic seal and
shattering the silicon pellet.

Ask your G-E semiconductor representative for
the “big news” on low-current silicon rectifiers. Or
write for more information.

ELECTRONICS engineering edition — July 18, 1958

tant difference that transporiation charges are prepaid when you
buy from your local G-k distributor.

Increased stocking of semiconductors by local G-E distributors
means you now have one source for all your electronic needs. General
Electric distributors can also furnish yvou with a wide variety of
technical information, application data and spec sheets.

General Electric Company, Semiconductor Products Department,
Section $25758, Electronics Park, Syracuse, N. Y.

GENERAL &3 ELECTRIC

CIRCLE 25 READERS SERVICE CARD
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Servo Motors For

Transistorized Operations

Meets MIL-E-5272 —65°C to 4-125°C temperature range.

SIZE 8
Oster Type 8-5001-00
Electrical Characteristics:

SIZE 10
10-5052-00

SIZE 11
11-5101-00

SIZE 15 SIZE 18 ]
15-5153.00 18-5201.00 |

Frequency (cps)

Torque at Stall (6z. in.) . e . 2.35

No Load Speed (rpm) 6500 6500 5200 5200 |
Speed at Half Torque (rpm) [ 4000 4000 4000 3200 3200
Time Constant (sec.) 0.03 0.015 0.016 0.017 0.013

Reversing Time (sec.) 0.051 0.025 0.028 0.030 0.022
Theo. Acceleration at Stall (rad/sec?) 22500 45000 41500 31000 40000

Operating Temp. Range (°C.) —54 10 125 | —54to 125 | —541t0-£125 | —54 104125 | —54to 125

Slot Effect 1.6v. 26v 1.0v 36v 1.0v 40v 1.0v 40v 1.0v 40v
Duty Cycle Cont Cont.

Cont.

Cont
Fixed Phase :

Voltage

T R(Stal) Onms
X (Stall) Ohms
Z (Stall) Ohms

P.F. (Stall)
0 366 3840 3800 2160 1460
and. to d 10 013 033 0.55
altage 4020 40 20 4020 40,20 4020
0 480 124 145 58 39
0 445 215 204 103 77
0 660 248 250 118 86
0.73 0.50 0.58 0.49 0.45
0 $10 495 430 240 190

ond. fo P a d 0.4 14 13 2.9

i sEfit =
Rotor Inertia (g 47 A7 1.07 353!
0 1.2 2 45 8

0 g Type Synchro Synchro Synchro Synchro Synchro

otor Leng 863 672 1.703 1.625 2.03

pe Sha Pinion Pinian Plain Plain Plain 1 t‘- o “““_

: 375 218 437 540 540 l’fé'} S {.«W‘;

Outside Diamete 750 937 1.062 1437 1750 : -

pe Lonnectio Leads Terminals Terminals Terminals Terminals

Size 18

*For 40v connection . . . L. . . )
This complete line can be varied by Oster specialists to your precise requirement. Write

today for further information, enclosing detailed data on your needs.

Other products include motor-
gear-trains, synchros, AC drive
motors, DC motors, servo mech-
anism assemblies, motor tachs, Avionic Dlvision
servo torque units, reference and Racine, Wisconsin
tachometer generators, actuators,
motor driven blower and fan
assemblies and fast response re-
solvers.

MANUFACTURING COMPANY
Your Rotating Equipment Specialist

Engineers For Advanced Projects:

Interesting, varied work on designing transistor circuits and servo mechanisms.
Contact Mr. Zelazo, Director of Research, in confidence.

BURTON BROWNE ADVERTISING
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A NEW POWER FERRITE
for FLYBACK TRANSFORMERS

HIGHER FLUX DENSITY
LOWER CORE LOSSES
HIGHER CURIE POINT

7

W A
ElEC}RONIC COMPONENTS

—quaLmy

Now, with the higher flux density of Allen-Bradley’s
new Class W-04 ferrite, you can design smaller flyback
transformers with smaller cores. This saves space . . .
saves weight . . . and saves copper, too. And the new fer-
rite is priced so that, with this smaller size, the actual
cost of the core itself is also reduced.

Specify Allen-Bradley’s new W-04 ferrite for your fly-
back transformers. The table on the following page
compares the superior characteristics of the new W-04
with Allen-Bradley’s ‘‘premium quality” W-03 ferrite.

Allen-Bradley Co.
222 W. Greenfield Ave.
Milwaukee 4, Wisconsin

In Canada—
Allen-Bradley Canada Ltd.
Galt, Ontario



superior characteristics

W-04 Power Ferrite

Core Loss P, in yWatts
cm3cps
Class |Temp! B_,.* Hnax” Ho Bl s+ K at Curie
°C in Gauss B=1350 Gauss B=1800 Gauss at B, Temp.
at 10 Oe Room i °C
16 chﬂ 60 Kcps | 16 Keps [ 60 Keps Temp
RECOMMENDED FOR FLYBACK TRANSFORMER CORES (AND OTHER POWER APPLICATIONS)
25 [4900 + 109 [3.8 + 209 |5.3 + 209, [6.4 + 209 | 9.0 + 209, [7000 + 309
w-04 2000 {2700 + 159 (6000 + 25% | 225
115 {3700 + 109, (3.8 + 209, {5.3 + 209, |16.4 + 209, | 9.0 + 209, {7000 + 309,
25 | 4200 + 109 |4.1 + 209, |5.5 + 209, 16.9 + 209 | 9.1 + 209 6000 = 309,
w.. 03 2000 |2100 = 15%|5600 + 259 | 180
115 | 2800 = 10% 4.2 £ 20% [6.5 + 20% 6.9 + 20% [10.0 + 20% 6000 + 30%
RECOMMENDED FOR TV YOKE CORES
25 [ 2850 + 109,]5.8 + 309, [9.5 + 309,9.2 + 309, [16.0 + 309,]5000 * 20%,
W.OI 850 [1200 + 2095000 + 25%| 180
115 | 2000 + 109 |4.4 + 309, |7.9 + 309 | 7.4 + 309 |14.5 + 309, {6000 + 30%,

*Bmax And Umax, Frequency—16 Keps..
**Usable flux density—flux density at which the 115°C permeability is equal to 32 of the 25°C permeability.
tPermeability of the core ot 25°C at By,.

The above table shows the superiority of the new W-04
ferrite —higher flux density, higher permeability, lower core
loss . . . properties that permit significant improvement in
your flyback transformer design.

Allen-Bradley has also developed new square-loop power
ferrites (R-03), and ferrites with unique characteristics for
transistorized medium frequency power inverters (W-07).

The experienced engineering staff at Allen-Bradley will be
glad to assist you with your ferrite problems. Write, today!

Allen-Bradley Co.
222 W. Greenfield Ave., Milwaukee 4, Wis.

In Canada—
Allen-Bradley Canada Ltd., Galt, Ont.

=

\
ELECTRONIC COMI’g‘lENTS

== QUALITY

Allen-Bradley ferrites are available in a
wide range of shapes and sizes for
various applications. Just a few of the
basic shapes and sizes are shown above.




Table-top operation . ..

"

N

... . combined in one
Whiteprinter

OZALID

Streamliner 200

~«—CIRCLE 28 READERS SERVICE CARD

and full 42-inch width . ..

Now all the advantages of whiteprinting are com-
bined in a convenient TABLE MODEL— the new,
low-cost Ozalid Streamliner 200.

Compact, easy to operate, the Streamliner 200
stands just 22" high, 38" deep (including feedboard).
With it anyone can turn out sparkling whiteprints in
seconds up to 42 inches in width!

Perfect for the small office, it’s an ideal stand-by
for the large printroom, too. For the full story call
your local Ozalid representative or write Ozalid,
Dept.L-7-8,Johnson City, N. Y.
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A Division of General Aniline & Film Corporation. In Canada: Hughes Owens Company, Ltd., Montreal.
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Under the water . .. on the water...on land ... in the
air . . . and out into space . . . in all these areas Hughes ad-
vanced technology is being applied to vital military and
commercial electronics projects.

In the space satellite field, for example, Hughes is active
in the preliminary design of guidance and control systems,
communication and telemetry systems, and sensing devices
using infrared, optical and radar techniques.

Responsible for guiding and formulating the advanced
systems concepts that make this new product diversification
possible is the Systems Analyst. His creative thinking has
motivated such new Hughes projects as advanced ballisitic
missile guidance, space vehicle systems, and tactical mussile
systems. Other new programs initiated by Hughes Systems
Analysts include advanced radar systems for all areas of
military and civilian applications, including AICBM, missile

The wide range ot activity at the Hughes Fullerton facility extends
from basic data processing and surveillance radar research through
final design and packaging.

New commercial and military contracts have created an immediate

need for engineers in the following areas:
Circuit Design
Reliability
Communications
Microwaves Systems Analysis
Nuclear Electronics Computer Engineering

Write in confidence to Mr. Phil N. Scheid,
Hughes General Offices, Bldg. 6-O, Culver City, California.

Aerodynamics
Vacuum Tubes
Crystal Filters

© 1988. HUGHES AIRCRAFT COMPANY
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guidance, early warning, air trathc control; and intcgrated
clectronics systems for undersea warfare.

Currently the Hughes Research and Development Labo-
ratories are cngaged in the greatest expansion in their his-
tory. Professional opportunitics have never been more
promising, especially in the more senior arcas such as
Systems Analysis.

Other Hughes activities are also participating in the ex-
pansion. Hughes in Fullerton is developing and producing
advanced three-dimensional radar systems. Hughes Prod-
ucts, the commercial activity of Hughes, is producing an
clectronics system which automates a complete line of
machine tools.

Today Hughes offers Engineers and Physicists the oppor-
tunity of locating with an established firm and working in
advanced new technical fields.

Ferromagnetic studies conducted by the Hughes Rescarch Labora-
torics include fundamental research in the physics and chemistry of
ferrites, synthesis of ferrite materials and development of ferromag-
netic devices.

Creating a new world with ELECTRONICS

HUGHES AIRCRAFT COMPANY
Culver City, El Segtindo,

Fullerton and Los Angeles, California
Tucson, Arizona
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i | How CDF Di-Clad’
can solve your
- printed-circuit
problems

The CDF line of copper-clad laminates in all grades
is now known by a new name—Di-Clad. Di-Clad
grades meet the varying needs of design, production,
and operation of electronic equipment. Grades other
than those described are also available.

Di-Clad 28E. For high mechanical strength, low
moisture-absorption, and good insulation resistance,
CDF Di-Clad laminates of epoxy resin laminated
with glass fabric offer the designer a strong, reliable
combination.

Di-Clad 112T. A Teflon* glass-fabric laminate offer-
ing the best dielectric properties over a wide tem-
perature and frequency range.

Send us your requirements and let our engineers
help you select the right grade for your application.

+Trademark of Continental-Diamond Fibre Corporation
*Du Pont trademark for its tetrafluoroethylene resin.

Di-Clad 2350. An economy paper-base phenolic grade having good tensile, CUNTl NENTAL. D IAM 0 ND FI BRE

flexural, compressive, and impact strength. Adequate for most non-critical

printed-circuit applications. Can be cold punched and sheared up to 5/64
of an inch in thickness. A SUBSIDIARY OF THE l’),ilnn COMPANY « NEWARK 16, DEL.

TYPICAL Di-Clad PROPERTY VALUES
I i o I Di-Clad 26 Di-Clad 28 | Di-Clad 28E Di-Clad 1127
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon*
It | i
BOND STRENGTH—0.0014"" foil (Ibs. read. 6to 10 1 610 10 610 10 8012 408
to separate 1’ width of foil from laminate)
MAXIMUM CONTINUOUS GCPERATING 120 120 120 ‘ 150 200
TEMPERATURE (Deg. C.) |
DIELECTRIC STRENGTH (Maximum voltage 800 900 | 850 | 650 700
per il for 1/16" thickness) .
INSULATION RESISTANCE (Megohms) 96 500 150,000 600,000 | 100,000 75,000
hrs. a1 35°C. & 90% RH (ASTM D257, Fig. 3) | .
DIELECTRIC CONSTANT 10° Cycles 4.5 4.0 3.6 4.9 2.6
' DISSIPATION FACTOR 10° Cycles 0.040 ‘\ 0.026 0.027 | 0.019 0.0015
- — —— | | | —
ARC-RESISTANCE (Secands) 5 | 10 10 ! 130 - 180
| TENSILE STRENGTH (psi.) 18,000 | 16,000 12,000 48,000 23,000
- —— - - | ]
FLEXURAL STRENGTH (psi.) 27,000 | 21,000 18,000 70,000 13,000
el s —_ |
1ZOD IMPACT STRENGTH edgcewise 980 0.45 0.42 12.0 6.0
(ft. lbs. per inch of notch) L
| COMPRESSIVE STRENGTH flatwise (psi.) 32.000 28,000 25,000 62,000 20,000
7BASE MATERIAL OF LAMINATE Paper | Paper Paper [ Med_ium-we.ave, l:'ine-weave,
medium-weight medium-weight
glass cloth glass cloth
COLOR OF UNCLAD LAMINATE Narwural i Natu;ag Natural Natural Natural
greenis |
All these standard grades are available with 0.0014 and 0.0028" or thicker electrolyvtic or rolled copper foil on one or both
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order.

*Du Pont Trademark
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NLS Model 481

Four-Digit Digital Voltmeter

¢ Measures DC Voltages from 1 Millivolt to 1,000

Volts

* Displays Measurements on llluminated Numerical Low - c o s I
Readout

s Automatic Range Changing, Decimal Placement,
VOLTMETER

¢ New Snap-ln Readout Assemably

¢ Scale Factor ond Linearity Accurate to 0.01%

¢ 10 Megohm Input Impedance

¢ Furnished Complete; No Extras to Buy

IDI Lingad STSTENS. NS
DEL MAR SALIF0RRHA

Here is the greatest value ever offered in a F U L L P R l c E

precision instrument! Look at the features

listed above . . . features that assure higher
performance, reliability, and accuracy
than provided by any other voltmeter.
And look at thz price . . . less than one-half
the price of ccmpetitive instruments.

As originatcr of the digital voltmeter,

NLS has led the way in developing new
manufacturing techniques. Now, NLS is the
first to mass produce digital voltmeters
and make possible the unique combination
of high performance and low cost in the
NLS 481. See this ruggad new industrial
voltmeter demonstrated, and discover why
electronic and servo-*ype digital
voltmeters — cs well as the most precise
moving-coil voltmeters — are made
obsolete by the NLS 481!

Write today for complzte specifications

and the name of the nearest demonstrator- ) )
equipped NLS field engineer! F.O0.B. Del Mar, California

INSTRUMENTS TO MEET
EVERY APPLICATION

NLS manufactutes the most complete line
of three, four, five, and six digit instru-
ments for automatically measuring DC and
AC voltages, voltage rctio, and resistance.
Complete catalog available upon request.

Oniginators of the Digital Voltmeter

non-linear systems,

SAN DIEGO COUNTY AIRPORT,
lnc. DEL MAR, CALIFORNIA




vard against needless trouble and shutdowns
. . . by specifying dependable BUSS fuses!

Should a fuse fail to protect your
equipment if electrical trouble oc-
curs . . . unnecessary damage results.
Or, if a fuse blows needlessly your
equipment is shutdown without
good cause.

Why risk faulty fuses causing
trouble and reflecting on the service
and reliability of your equipment?
You can be sure of dependable
electrical protection by specifying
BUSS fuses.

Every BUSS fuse is tested in a
sensitive electronic device that auto-
matically rejects any fuse not cor-

BUSS fuses are made to protect — not to blow, needlessly

38 CIRCLE 34 READERS SERVICE CARD

rectly calibrated, properly con-
structed and right in all physical
dimensions.

One source for all your fuse needs.

To meet your needs, — the
BUSS line of fuses is most com-
plete . . . plus a companion line of

fuse clips, blocks and holders.

To help you on special problems
in electrical protection . . .

. . . BUSS places at your service
the facilities of the world’s largest
fuse research laboratory and its
staff of engineers. If passible, our

!

engineers will help you select a fuse
readily available in local whole-
salers’ stecks so users can easily
obtain fuses for replacement.

For more information on the com-
plete line of BUSS and FUSETRON
Small Dimension Fuses and Fuse-
holders, write for bulletin SFB.

Bussmann Mfg. Division
McGraw-Edison Co., University
at Jefferson, St. Louis 7, Mo.

758

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

TRUSTWONTHY sAMES IN
CLECTRICAL PAOIECTION

) 5055 4
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N EW | two Tung-Sol Tubes
* for 12-volt auto radios! |

Tung-Sol’s latest 12v auto-radio tube
developments—12EZ6 and 12FA6—
provide a gain figure substantially above
that of any other similar types. With
these new tubes, the car-radio designer
can simplify circuitry, thereby cutting
out possible trouble spots. Bandwidth
and frequency-drift problems are mini-
mized . .. overall radio reliability rises.

Compare for yourself the advanced
Tung-Sol types with the tubes they
replace! Electrical data below!

New

New
1?}52?! 12FAG!
pto Up 1o
50a% 'rtr;ltz‘e 209, more
1 2%4?6 ang o
: 12AD6
i-przaLGe zf it replaces!
ces!

Improved Tulg-Sol types increase gain...widen desigf flexibility

L
L) . .
7-pin, miniature, sharp cutoff pentode for use as RF or I 7-pin, miniature, pentagrid converter for use as
42E26 |F amplifier. Capable of 50% more gain than old 12FA6 oscillator-mixer. Capable of 20% more conver-
Types 12AF6 and 12BL6 . . . with but a slight drop in Rp. I sion gain than old Type 12AD6.
3
NEW oLD OoLD I NEW oLD
12EZ6 12AF6 128BL6 I Converter Service—Self Excitation®® 12FAS 12AD6
heater 12.6 12.6 12.6 volts I heater voltage 12.6 12.6 volts
pl?ée#vaolta'ge Y 128 12.8 12.8 vo::s plg‘;e#»:/,ol'olg’;e <|)25,gb 12.8 vo::s
{ volta c volts gri voltage L volts
grid 2 voltog: 12.6 12.6 12.6 volts I grids #2 & #4 voltage 12.6 12.6 volts
grid #1 voltage -0.79 [+] -0.659 wvolts | grid #1 voltage (oscillator grid) rms 2.5 1.6 volts
plate current 1.9 1.1 1.35 ma grid #1 resistance (oscillator grid) 33 000 33 000 ohms
grid #2 current 0.7 0.45 0.5 ma. I plate resistance (approx.) 0.8 1 megohms
plote resistance 0.20 0.35 0.5 megohms orid #1 current {ascillator grid) 60 50 pue
Oransccindulcmnce 2 500 1500 1350  umhos l c?nversion transconductance 3%8 ggg pumhos
rid #1 voltage plate current Ha
o for Gm€=250 umhos -2.8 2.7 -6.0 valts l grids #2 & #4 current 1 000 1500 ue
12BL6 GmS=10 pmnhos cathode current 1 500 2 000 ua
12AF6 GmS=40 umhas l grid #3 voltage for Gg= 5 umhos-
orid #1 and grid #3 voltage {approx.} ~3.5 -2.2 vaolts
for G,,€=30 umhos -3.0 -3.5 ~5.0 volts ' grid #3 voltage for G,=20 umhos
}gBLFé G, =10 umhos (opprox.) =3.0 ~1.8 volts
AF6™m
b connected fo cathode af socke! l *3Screen feedback. Gy 4 1o cathode voltage approximately 13% of Gy to
¢ from grid §1 to plate I cathode voltage. .
d owerage bias developed across a 2.2 megohm grid resistor I b Average contac! potenfial developed ocross a 2.2 megohm resistor
Tung-Sol helped pioneer the 12v hybrid auto radio . . . |

makes a high-performance tube for virtually every other

entertainment circuit need —radio, TV, hi-fi! For full data on =
the new 12EZ6 and 12FA6 . . . to fill any socket you have =
with a quality tube, write or phone us today! Commercial

Engineering Dept., Tung-Sol Electric Inc., Newark 4, N. J.
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Superior Tube Company’s miniature disc cathodes save
space and heater power, reduce cost to users of cathode
ray tubes by utilizing slender tube necks. The application
required Steatite discs with a heretofore unobtained
degree of dimensional accuracy. General Ceramics’ pro-
gressive manufacturing techniques have made it possible
to achieve these critical tolerances and maintain absolute

HERE'S NEW

PRECISION in CERAMICS

3 1y /m MINIATURE
g _@ Y. Al

il STANDARD ~ LB ¢

Disc cathodes shown
approx. actual size

High quality of SUPERIOR'S disc cathodes
made possible with G-C precision steatites

uniformity in volume production runs. Since the inception
of Superior’s disc cathodes in 1950, engineers at General
Ceramics have helped produce more compact, precision
components by refining tolerances over 50% on steatite
discs. New design criteria on precision steatites for your
products is available now — write to General Ceramics
Corporation, Keasbey, New Jersey, Dept. E.

GENERAL CERAMICS |

Industrial Ceramics for Industrial Progress. .. Since 1906

RSt ol

©0 oo . 3 R ;ll A @
Qo0 % o ) / - -
°° e i
L e |
- 3 :'@‘\M é |
K Lo Ty h=
. \ o~ ,.!
- FERRAMIC MAGNETIC “ADVAC” HIGH
FERRAMIC CORES MAGNETIC CORES MEMORY PLANES TEMPERATURE SEALS SOLDERSEAL TERMINALS
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GENERAL SPECIFICATIONS

SIZ€. e 1.79” long (masirium)

1.062* in diameter (maxirsum)
Weight ... 32 9ences
Nominal Operating Voltage 2€.5 volts
Contaz: Metal ... gcld alloy

Contaz! Bounce ............ less than 250 micras2oonds
Temparature Rating............. —65° Cto + 2600° C
ShoCk. oo e 55g

Vibra®on. ... ... 2,000 cps at25 g

(Y UNION SWITCH & SIGNAL

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY mnescammepm

a new 4PDT relay to
meet all requirements
of MIL-R-25018!

Don’t compromise with the Class C, Type II, Grade 3 re-
quirements of MS 24114-9, MIL-R-25018. You don’t have
to any more. Now Union Switch & Signal has a 4PDT,
rotary-armature relay designed to meet these specifications
completely. It is the first of its type to do so. In fact, it
exceeds some of the rugged requirements.

Here is the kind of performance you can expect from this
new relay:

High operating temperature. Even at an ambient temperature
of 200° C, this relay gives optimum performance. The use of
ceramic material provides consistently high insulation re-
sistance. As a result, you can install this relay closer to
engines. You often can use it without temperature con-
trolled boxes. Always, you will find it supremely rugged
and reliable.

High in shock resistance. This new UNION Relay with-
stands shock greater than 55 g for 11 milliseconds—and con-
tinues to operate. In vibration tests, it shows no contact
chatter up to 2,000 cycles at an acceleration of 25 g.

New high in contact reliability. Contact reliability of this
relay is six times that of comparable devices because of its
new 2-button, bifurcated contacts. Bifurcation also increases
current carrying capacity (each button easily handles a
full 2-ampere load) . .. and makes gold alloy contacts prac-
tical for both low- and high-level loads.

Contact reliability is enhanced, too, by the ceramic insula-
tion which contains no volatile material to contaminate
contacts and by separate hermetic sealing of the magnet coil.

New torsion-type rotary-armature suspension improves re-
sistance to thermal shock . . . increases reliability over the
entire temperature range . . . and greatly extends the op-
erating life of this new 4PDT relay. Call or send the coupon
for complete information about this and other miniature
relays manufactured by Union Switch & Signal.

Union Switch & Signal, Advertising Department
Division of Westinghouse Air Brake Co.
Pittsburgh 18, Pennsylvania

]
= Please send the following:

| [ Complete description of your new 4PDT relay which meets every requirement
| of MIL-R-25018. [] Catalog of other miniature dc and ac relays which you manu-
| facture to MIL-R-25018, MIL-R-6106C, and MIL-R-5757C requirements. [] De-
I scription of your Digital and Alpha-Numerical Indicators for data display.
|

|

|

{

|

City sff spgsos/cam o db - - oo mae oo . State

Button Science”

PITTSBURGH 18, PENNSYLVANIA
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Forethought o
costs less than  AETE
Afterthought
\ /
\\ SO ' /
Design ~—_
These in
When you

//

/ \

If you need mechanical
or electrical counters in

any of your new products,

‘
.
J

tn, when you begin . . . don’t tack them on later.

here’s a word to the cost-

wise designer: Design them

Series 1370 High Speed Counter {1500 to 2500 &4
rpm} built into a wide variety of equipment.

For if you'll give us a chance to work with you, right
from the beginning, chances are we can save you time
and money by adapting or modifying a standard
Veeder-Root Counter to your needs . . where you might
get into a costly special job if you went about it alone.
What’s more, you save time in your engineering,

purchasing and assembly departments.

Count on Veeder-Root to help you in every INCORPORATED

Hartford, Conn. » Greenville, . C. » Chicago
New York » Los Angeles » San Francisco » Montreal
Offices and Agents in Principal Cities

way . . . from design to delivery. Write:

Series

1205 Reset

Magnetic Counter with panel
mount and lock and key.

42 CIRCLE 38 READERS

Series 1122 Small Reset Ratchet Counter,

SERVICE CARD

Special Longitude Counter, one
of many made for aircraft navi-
gational equipment.

July 18, 1958 — ELECTRONICS engineering edition



NOW... AUTOMATED PIGTAILING
AT 75% LESS COST - with the NEW
YA Automachine Shielded Wire Ferrule

e machine-fed ferrules and pigtail wire e controlled compression ter-
mination, with AMP automachine technique ® dual applicator permits
termination of two leads or double-ended jumper, simultaneously

e pigtails cut to desired length, automatically!

Designed especially for television and
commercial electronics applications.

> ™ : Additional i_'nf;)rma.tio is ave}}u‘méje on request. :
\“ o Fo
AMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

A-MP products and engineering assistance are available through wholly-owned subsidiaries in: Canada e England e France e Holland ¢ Japan
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Project Engineer Fred M. Schumacher (R.) points out construction details in a newly-designed subminiature stacked ceramic
gun used in an advanced design traveling-wave tube. Looking on are Engineers James F. Lynch (L.) and John P. Lindley.

ADVANCED DESIGN OF LOW-NOISE
A MAJOR EFFORT OF GENERAL ELECTRIC

EONEERING in traveling-wave tube design is one of many advanced microwave activities
being conducted at the General Electric Power Tube Department’s Microwave Laboratory
at Palo Alto, California. In the traveling-wave tube field, particular emphasis is placed on
new design concepts leading to improvements in low-noise capabilities from S through K
bands, extending the sensitivity and bandwidth of advanced receivers used in radars, com-
munications, electrenic countermeasures and radio astronomy.

The Laboratory’s fields of activities are applied research, advanced development, and
product design in microwave tubes and microwave techniques. All development work is
done with an eye to practical, economical manufacture—thus minimizing the time lapse
between prototype development and quantity production—and to the realistic tube needs
of future microwave equipment. Technical inquiries pertaining to advanced microwave
tube development invited. Power Tube Dept., General Electric Co., Schenectady, N. Y.

ae i
e &2 £

Professional opportunities available for engineering and scientific personnel. Inguines invited.



GENERAL ELECTRIC Y

MCAOWIVE 1ABOIATORY A" STANEORD

The G-E Power Tube Microwave
Laboratory is located at Stanford
Industrial Park, Palo Alto, Califor-
nia where it was one of the Park’s
pioneer installations. Its staff of sci-
entists and engineers has the advan-
tage of consultation and technical
exchange with Stanford University
faculty and research staffs, as well
as with General Electric’s own
Research and General Engineering
Laboratories.

TRAVELING-WAVE TUBES
MICROWAVE LABORATORY

Vital development work in the following classes of tubes is a
continuing activity of the G-E Microwave Laboratory's staff of
scientists, engineers, and specialized technical personnel.

Typical of traveling-wave tubes

Pulse klystron power amplifiers Super-power klystrons g :
SW klyst lifi ! Volt 4 bi ilat being developed at the G-E Mi-
C ystron amplifiers oltage-tunabie oscillators Ao awa Maboratonylisthis, proz
High-power pulsed TWT amplifiers High-power duplexers totype (components associated
Medium-power CW TWT amplifiers Microwave filters with tube not shown) with a
Low-noise, broadband TWT amplifiers Frequency multiplier TWT amplifiers noise figure below 10 db across

the entire band of 4 to 8 KMC,
and a gain of 25 db. Important
design characteristics are ex-

Pfogfess /S 0(//' M0$f /m/DOffa"ﬂf p/Oﬂ’UCf‘ treme bandwidth and increased

sensitivity combined with rug-

GENERAL @B ELECTRIC

9545-8481-14
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Westinghouse Aero 13 Armament Control System, mounted in nose of Navy
F4D Douglas carrier-based interceptor, is typical of systems using FLEXOLON
wire for faster ussembly, lower production costs.

FLEXOLON wire’'s greater flexibility speeds up
wiring of Westinghouse control unit

Greater flexibility of new FrLExoLox high temperature hook-
up wire makes an easier job of wiring intricate harnesses
for Westinghouse Air Arm’s armament control systems. Meet-
ing the flexibility requirements of Westinghouse engineers,
Tensolite’s new wire helps reduce production time and
assembly costs.

FLEXOLON wire’s greater flexibility was proven in a recent
series of tests on the new hook-up wire and wires of other
construction. In test after test FLEXOLON wire, insulated with
DuPont “Teflon,”® proved consistently more flexible than all
other high temperature hook-up wires tested.

Exceeding the requirements of MIL-W-16878B . . . and
providing greater dielectric strength and higher average
concentricity . . . new FLEXOLON hook-up wire is another
example of Tensolite’s continuous leadership in miniature

wire development.
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X—Extruded E AWG X FLEXOLON Wire £ cene
O—Extruded EE w am  wem O FLEXOLON Wire £E ==e
FLEXIBILITY COMPARISON OF FLEXOLON WIRE AND EXTRUDED WIRE

Plot of flexibility as recorded in tests proves greater flexibility of
FLEXOLON wire. For complete testing data, call the man from Tensolite,
or write for free FLEXOLON hook-up wire bulletin,

TCHICEUE oo nreo wine co.. e,

West Main Street, Tarrytown, N. Y. « Paciflc Dlvision: 1516 N. Gardner St., Los Angeles, Calif.

FLEXOLON is o trademark of Tensolite Insulaied Wire Co., Inc.
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INDUSTRIAL ELECTRONICS —Improvement in the reliability of industriol con-
trols, ing equip 1, busi moachines can be achieved with no ap-

preciable Increase in cost. TFE resins do not age—are noa-flommable.

w»-—.—”{s— e o

MARINE WIRING — TFE resins assure long, reliable performance, even in
presence of fuels and lubriconts, heat, moisture or corrasives. Smalier gouge
wires gllow miniaturization.

PR

SPECIALTY FIXTURE WIRING —Non-flammobility, resistonce to heat, moisture

and aging of TFE resins assure relioble performonce of fioodlights, heot lamps,

outdoor lighting.

APPLIANCE MANUFACTURING — New designs ond features are made pos-
sible by Dy Pont TFE resins, Maisture ond heat problems are overcome in
appliances such as eleciric stoves, steam irons and toasters.

For top performance in circuitry... specify
wire and cable insulated with TFE-fluorocarbon resins

You, too, can benefit by the use of conductors insulated with
TFE resins. For example, you can save weight and space
with miniaturized types ot wire and cable. Reduce your in-
spection and replacement costs. Handle unexpected power
surges. Extend the operating range of your equipment to
meet the toughest environmental conditions.

TFE-fluorocarbon resins improve the performance, safery
and reliability of your equipment. They simplify your solder-
ing, potting and miniaturization problems. Their electrical
and structural properties do not deteriorate with age.

Best of all, you can enjoy sales and cost advantages by

@PIN» TEFLON'

TFE-FLUOROCAR3ON RESINS
REC. Y. 5. PAT.OMF

BETTER THINGS FOR BETTER UVING . . . THROUGH CHEMISTRY

ELECTRONICS engineering edition — July 1&, 1958

using wire protected by TFE resins. Look up your local sup-
plier in the Yellow Pages (under “Plastics—Du Pont™) . . .
or for technical information write to: E. 1. du Pont
de Nemours & Co. (Inc.), Polychemicals Dept., Room 177,
Du Pont Building, Wilmington, Delaware.

In Canada: Du Pont Company of Canada (1956) Limited, P.Q. Box
660, Montreal, Canada,

> Write for the “HOTTEST STORY IN
INSULATION.”” It gives you the facts that
can help make your design, your product,
your installation a winner,

TEFLON is Du Pont's registered trademark for its fluoro-
carbon resins, including the TFE (retrafluoroethylene)
resins discussed hercin.
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Design better products with

DOW CORNING 200 FLUIDS

... ASSURE ADDED RELIABILITY AT EXTREME TEMPERATURES

These miniature capacitors made by Gudeman
Company for filter, by-pass and blocking serv-

ice, are impregnated with silicone fluids to As a liquid dielectric and coolant for electronic components
d_ebclrease elte_ctn:al Iossets anddnc.reasg tpermlsz and assemblies, Dow Corning 200 Fluid aids miniaturization
sible operating temperatures. esigne 0 mee . o Q
all specifications of characteristic “K* MIL- and makes higher temperature operation possnblg. For
C-25A, they have an operating temperature example, paper capacitors impregnated with 200 Fluid have
range of —55 to 125C. almost constant capacitance over an extremely wide temper-
ature range ... help assure reliable equipment performance.
TYPICAL DIELECTRIC PROPERTIES Heat stable electrical grade Dow Corning 200 Fluids show
OF 200 FLUID, 100 CSTK. . . : . . .
— e little change in electrical and physical properties over a wide
er Q o oA g o
Property _55¢C 23C 200 C range of frequencies and environmental conditions. Avail-
Dielectric Constant, i able in 20, 50, 100, 500 and 1000 centistokes viscosily grades,
(1)‘1’ KCS. —oeomame ;1 g; g; they are finding growing use as a means of increasing the
A MES. cecanew . . . . oy .
Dissipation Factor reliability of capacitors, transformers, filter networks and
0O (e 0.0005 0.00004  0.001 other electronic devices,
0.1 mMeEs. cccemme 0.0002 0.00001 0.0003

Resistivity, ohm-cm. 10x10* 2.0x10'  1.0x10™
Electric Strength,

dc, 20 mif gap

v/mil ... 700 650 550

Dow Corning CORPORATION
MIDLAND. MICHIGAN

48 CIRCLE 44 READERS SERVICE CARD July 18, 1958 — ELECTRONICS engineering edition



Dow Corning Silicone Dielectrics

SILICONE
GLASS
LAMINATES
HAVE

HIGH ARC
RESISTANCE,
STRENGTH

SILICONE VARNISH MAKES MOTORS

TOUGHER, MORE DEPENDABLE

Dipped or impregnated with Dow Corning
997 Varnish, the insulating components of
motors, servos, generators, transformers and
other assemblies are bonded into an inte-
grated moisture resistant insulation system
with high dielectric strength. This silicone
varnish combined with other silicone com-
ponents permits operating temperatures up
to 250 C . .. protects against moisture, many
chemicals and corrosive atmospheres.

|
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SILASTIC PROTECTS
ELECTRONIC “PACKAGES”

Silastic® the Dow Corning silicone rubber,
remains resilient from —70 to 250 C, has
excellent dielectric strength and offers super-
ior resistance to moisture, ozone, corona and
corrosive atmospheres. Available in many
forms, including molded parts, extrusions,
tapes, sheets and pastes, Silastic is ideal for
insulating, sealing and cushioning delicate
electrical and electronic equipment,

Silicone-glass laminates are
easily molded into one-piece core
and flange structures. Strong
even at flange joints, they are
lightweight and moisture-resist-
ant, retain excellent physical and
dielectric properties at 250C.
Finished shapes are available
from leading laminators.

AiResearch miniature motors for B-52A Bomber.

For further information on these products,write Dept. 487
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Westinghouse Roberts Test

Technique Frees

Reject-Strangled Production...

Perfectly paired Hipermag" cores
boost magnetic amplifier output

Mr. Cliff Horstman checks performance readings for Hipermag cores
using the Roberts Dynamic Tester. This production-line test elimi-
nates costly and complicated testing at your plant. After the Roberts
test, Hipermag cores are '‘pegged'' here according to their perform-
ance characteristics. This practice assures perfect performance-
matching every time.

A very high reject ratio was strangling magnetic
amplifier production at the plant of a large
eastern manufacturer. Analyzed by the com-
pany’s own engineers, the problem was found
to be a case of inadequate core matching. A
core-matching specification based on sine cur-
rent dynamic testing was attempted. However,
since the application was a voltage regulator
using voltage reset, the problem of matching
maximum permeability to the required toler-
ances was practically insurmountable for pro-
duction-line testing.

After Westinghouse engineers analyzed the
problem, it was decided that matching cores
at zero control point with the Roberts tester
would help obtain the desired high yields.

Production-run cores matched by this pro-
cedure were flown to the manufacturer from
the Westinghouse Greenville plant. These cores
resulted in an immediate improvement in
production-line performance.

The Roberts core-matching technique pro-
vides the closest approach to magnetic amplifier
design for commercial testing of cores that
exists today. This testing technique on standard
Hipermag cores provides performance tailored
to your magnetic amplifier application.

Let our engineers help you with your magnetic
amplifier production problems. Call your West-
inghouse representative . . . or write Specialty
Transformer Department, Westinghouse Elec-

tric Corporation, P.O. Box 231, Greenville, Pa.
*Trade-Mark J-70873

you can BE SURE...irirs  YVesti nghouse @
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New Bulletins A-20 and
A-35 describe Alite facilities
and standard Alite

High Voltage Bushings.
Write for them now.

ALITE obivision

118-F

ELECTRONICS engineering edition — July 18, 1958

AI.ITE is geared to meet

your requirements for
CERAMIC-TO-METAL SEALS

Alite offers completely integrated facilities
and expert engineering assistance for
producing high quality, vacuum-tight,
ceramic-metal components for all your
mechanical and electrical requirements.

Hermetic seals and bushings embodying Alite
—the high-alumina ceramic developed by

U. S. Stoneware—have the ability to withstand
severe physical and thermal shock without
leaks or cracking. Produced to precision
tolerances, Alite units have high impact and
tensile strengths for gruelling environmental
conditions. They maintain excellent electrical
and mechanical characteristics over a wide
range of frequency and temperature, The
extra-smooth, hard, high-fired glaze gives
superior surface resistivity.

Every manufacturing step is closely
supervised in our own plant. Positive quality
control assures strict adherance to
specifications, absolute uniformity and
reliability of completed components.

At no obligation to you, send us your drawings
for recommendations or quotation,

80X 119 ORRYVILLE, OHIO

CIRCLE 47 READERS SERVICE CARD

New York Office
60 East 42nd St.
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< UNCONVErSance

with certain microwave measurements

is curable=with a D-B CATALOG

Friends, this microwave engineer lacks facts on low Qs in
cavities. Not knowing where to find the facts, he's stymied.
Actually, all he has to do is consult his D-B catalog. Com-
pacted into its 180 pages are complete data on making
microwave measurements. He gets clear, comprehensive
theory wedded to practical help on procedure. He'll find
actual drawings of test setups, plus instructions on how to
operate them, using units in the peerless D-B line of

precision test equipment—Ilargest line extant today.

FURTHER INSPECTION WILL REVEAL a solid section on
introductory concepts to microwaves—for use by purchas-
ing personnel, inspecting individuals, and other initiates to

this superlative subject.

THERE'S A HABIT-FORMING HANDBOOK complete with

graphs and tables on microwave tube characteristics ...

on conversion factors, and other daily-used data. There
are dimension drawings on every AN flange in use. There's
all the information needed to hook up D-B equipment to

D-B equipment, or to any other equipment.

ALL THIS DATA is right in the lil' old D-B catalog No. C3,
ready to assist in making more meritorious measurements.
Please tell our engineer friend to use his D-B catalog.
And if yours is on permament ‘‘loan,”” let us know. We

will replace it.

[DE MORNAY[

BONARD! |

DE MORNAY- BONARDI

780 S. Arroyo Parkway, Pasadena, California

52 CIRCLE 48 READERS SERVICE CARD
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If FAST SWITCHING is your need and available
germanium types won’t meet temperature and reliability requirements. /.

70 SILICON

ACTUAL SI1ZE

A definite break-through of the inherent temperature limi-
tations of germanium is provided by these outstanding new
Silicon Diffusion Computer Diodes. They switch as fast as
the best germanium types...and at‘temperatures to 150°C!
They combine fast switching with high conductance
and high break-down voltage with high temperature
operation ... plus PSI “Built-in-Reliability.”
1N663 These three related military types can replace all
germanium diodes in computers of advanced design
where high reliability performance at high femperatures

1N662 must be sustained without compromise.
Look at these outstanding specifications!

1N643

Minimum =y Maximum Reverse Reverse Recovery
EIA Saturation N(';'Sr'm‘r"'{‘ Current (zA) Characteristics
TYPE V("Jtt’ftgsg éo_r:ard 2o Reverse ~ Maximum
1.0v c 100°C  Resistance Recovery
@ 100 xA ~ (ohms) Time (us)

r R "

IN663 198 5(75v)  SG.Sw 200K 0.5

10w 20109 .
neez - - 2060y loosow 100K 05
N6a3 200 10 -02500v 500w 2006 03

1(100v)  15(100v}

Detailed specifications, ratings
and curves available on request.

Distributors:
ALLIED RADIO R W  E sy
Chicago, lllinois
ALMO RADIO COMPANY ‘Write for full information on the entire
Philadelphia 7, Pennsylvania ling of PSI silicon and germanium diodes,
CRAMER ELECTRONICS, INC. silicon rectifiers and PSI voltage-variable
Boston 16, Massachusetts capacitors (VARICAP). Production
ELECTRONIC SUPPLY CORP. quantity delivery on all types.
Pasadena, California

ELECTRONIC INDUSTRIAL SALES
Washington 1, D.C.

groaeualel  Pacific Semiconductors, Inc.

PENINSULA TV AND RADIO SUPPLY 10451 West Jefferson Boulevard, Culver City, California

San Jose, California NEW YORK —2079 Wantagh Ave., Wantagh, Long Island, N. Y.
WHOLESI.\LE RADIO PARTS COMPANY CHICAGO — 6957 W. North Ave., Oak Park, Illinois

Baitimore 1, Maryland SEATTLE — Administration Bldg., Boeing Field, Seattle, Wash.

EXPORT DEPARTMENT —431 Fifth Ave., New York 16, N. Y.

© 1958 Pacific Semiconductors, Inc.
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| HONEYWELL

When the Honeywell Model 906 Visicorder was
introduced as the first practical high-frequency
direct-writing oscillograph in history, it met with
instant success.

Now the new Honeywell Model 1012 Visicorder
extends the range and usefulness of the exclusive
Visicorder principle. It is a highly sensitive 36
channel instrument with frequencies from DC to
3000 cps. Its exclusive features are many . . . it is
the most convenient, foolproof, reliable, broad-

capacity oscillograph on the market today.

And the 906 Visicorder is now available in two
new models: the 906A-1 with 14 channels, and
the 906A-2 with 8 channels. An accurate time-
line system and a simultaneous grid-line record-
ing system are optional in both 906A Models.
Both oscillographsare producing superior, clear,
reproducible, accurate, high sensitivity, high fre-
quency direct recordings in many varied applica-
tions every day.

record of leadership
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The two specimen records—one from a
906A Visicorder and one from the 1012

Visicorder—are reproduced unretouched

i
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and life size. They are an accurate indica-
tion of the excellence of Visicorder records.
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For further information about these dra-
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matic new Visicorders, call your nearest
Honeywell Industrial Sales Office.

Reference data: Write for Visicorder Bulletins
906A and 1012.

Minneapolis Honeywell Regulator Co.,
Industrial Products Group, Heiland Division
5200 E. Evans Avenune, Denver 22, Colorado

Honeywell
Qudustiol Phoduicli- Gpoup
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EWDUAL-BEAM
OSCILLOSCOPE

Tektronix Type 502
TWO-GUN CATHODE-RAY TUBE.
200 pv/cm SENSITIVITY, BOTH BEAMS. ‘
DIFFERENTIAL INPUT, ALL SENSITIVITIES.

2, 5, 10, and 20 TIMES SWEEP MAGNIFICATION.
CURVE TRACING with TWO BEAMS—(horizontal

input sensitivity to 0.1 v/em).

SINGLE-BEAM CURVE TRACING at 200 pv/cm,

BOTH AXES.

regulated parallel heater supply.

YPE 502 Dy .
ALSEAM Osciltoscos

[ UPTIR BLaAM
A——— e

EXTRA FEATURE—Both amplifiers have transistor-

Dual! display on
linear time base.

Dual display
for X-Y curves.

Here are a few uses for the Type 502:

IN ELECTRONICS —Use the Type 502 as a general-pur-
pose oscilloscope and also to show simultaneously the
waveforms at any two points in a circuit, e.g. input and
output, opposite sides of a push-pull circuit, trigger
and triggered waveform, etc.

IN MECHANICS —Display, compare, and measure out-
puts of two transducers on the same time base; plot
one transducer output against another—pressure against
volume or temperature for instance; measure phase
angles, frequency differences, etc.

IN MEDICINE — Display, compare, and measure stimu-.
lus and reaction, or the outputs of two probes, on the
same time base; use differential input to cancel out
common-mode signals, or to eliminate the need for a
common terminal; use in routine investigations, etc.
IN ALL FIELDS —The Type 502 can save you more than
its cost in time—in as little as one application!

DSl
] |
St

HIGH-GAIN AMPLIFIERS
calibrated steps from 200 pv/cm to 20 v/em.
1 mv/cm and dc-t0-500 ke at 50 mv/em to 20 v/em.

less, 100-to-1 at 0.2 v/cm, 50-to-1 at 5 to 20 v/cm.

WIDE-RANGE SWEEP CIRCUIT (Common to both beams)
from 1 psec/cm to 5 sec/cm.

calibrated sweep rate,

Tektronix, Inc.

P. 0. Box 831 - Portland 7, Oregon
Phone (Ypress 2-2611 +» TWX-PD 311 » Cable: TEKTRONIX

56 CIRCLE 52 READERS SERVICE CARD

200-microvolts/cm deflection factors, both dc-coupled and a¢-coupled. 16
Passbands— dc-to-100 ke at 200 uv/cm, increasing to de¢-to-350 ke at
Differential Input, Both Channels—Rejection ratios: 1000-to-1 at 1 mv/cm or

Constant Input Impedance (1 megohm, 47 uuf) Both Channels—from 1 mv/cm
to 20 v/cm, for use with Tektronix P510A Probes. (2-P510A Probes furnished).

Single-knob control for selecting any of 22 accurotely-calibrated sweep rates

Sweep Magnification—2, 5, 10, and 20 times, accurote within the maximum

TYPE 502 CHARACTERISTICS

Automatic Triggering—fully automatic, or preset with amplitude-level selec-
tion when desired. Sweep can also be operated free-running.

X-Y CURVE TRACING OPERATION

Horizontal-input amplifier permits curve-tracing with both beams simultane-
ously at.sensitivities to 0.1 v/em. For curve tracing at higher sensitivities (to
200 pv/cm) with one beam, one of the vertical amplifiers can be switched to
the horizontal-deflection plates.

OTHER FEATURES

Amplitude calibrator, 1 mv to 100 v in decade steps—square wave, frequen-
cy about 1 ke,

3-kv accelerating potential on new Tektronix 5 dual-beom crt. 8:cm by
10-¢m linear-display area, each beam.

Electronically-regulated power supplies. Rrice .1\ . daeee s $795
f.o.b. foctory

TEKTRONIX FIELD OFFICES: Albertson, L. 1., N.Y, » Albuquerque » Bronxville, N.Y. « Buffolo
Clevelond » Dallas » Dayton s Eimwood Park, [il. « Endwell, N.Y. « Houston « Lathrup Village,
Mich, * Eost Los Angeles © West Los Angeles * Minneopolis * Mission, Kansas * Newtonville,
Mass. * Polo Alto, Calif. » Philadelphia * Phoenix * San Diego * Syracuse ¢ Towson, Md.
Union, N. J. *» Willowdale, Ont.

TEKTRONIX ENGINEERING REPRESENTATIVES: Arthur Lynch & Assoc., Ft. Myers, Fla,,
Gainesville, Flo.; Bivins & Coldwell, Atlonto, Go., High Point, N. C.; Howthorne Electranics,
Portlond, Ore., Seottle, Wosh.; Hytronic Measurements, Denver. Colo,

Tekironix is represented in 20 overseas countries by qualified engineering organizations.
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t|T'S SIMPLE ECONOMICS, ' says Mr. Rober: R. Keller,
Process Engineer at Sarkes Terzian Inc., well known elec-
tronics components maaufactu-e: in Bloomington, Indiana.
“We 1ave ar. average of 185 Ge=eral Electric Midget soldering
irons in operation on our television tuner assembly lines. We
find the G-E Midget iron more efficient than our heavier irons
on many operations. Each iron solders an average of 85,000
joints every year. Some irons solder as many as 150,000 joints

per year. Comrpared to maintenance and renlacement costs cn
other soldering irons we have tested and used, we save approx-
imately $57.5) per year on each iron. Our rresent annual sav-
ing with all tae G-E Midget irons is about $10,600.” Sarx=s
Tarzian Inc., found that the rugged ironclad copper tips on the
Midget last from six to nine months, provide fast, concen-
trated heat with reduced risk of loosening nearby joints.

Every Year, 185 General Electric Midget Irons Save
Over $57 Each At Sarkes Tarzian Company

e s

FASTER HEAT RECOVERY and lower
maintenance of G-E soldering irons
have been proved by many manufac-
turers under their own production con-
ditions—along with competitive solder-
ing irons. If you would like fo compare
General Electric irons with the irons you
are now using, call your G-E distributor.

DELIVERY TODAY is now possible on pop-
ular soldering irons and other General
Electric heaters and devices from a local
distributor near your plant. Your replace-
ment inventory may be reduced. For the
name of your nearest stocking distributor
for G-E heaters and devices, call your
General Electric Apparatus Sales Office.

SAVINGS ACHIEVED by several users
and information abeout the construction
features of General Electric soldering
irons are included in a new bulletin,
“Save While You Solder,”” GED-3553.
For a copy, call your G-E distributor
or write Section 724-5, General Electric
Company, Schenectady 5, New York.

GENERAL @3 ELECTRIC
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100 MC POWER AMPLIFIER
o g -

BE D

TUNING

PERFORMANCE

for VHF Amplifiers
and Oscillators

Philco MADT+ Transistors Assure Reliable Operation for Circuits
With Collector Current Ratings As High As 50 ma ... Power
Dissipation Up To 100 mw . . . Collector Voltages to 35 V!

+Vee

NOTE:! T -PRIMARY 6 TURNS #22 ENAMELED WIRE T2 -PRIMARY 3 TURMS #22 ENAMELED WIRE
SECONDARY 2% TURNS #22 ENAMELED WIRE SECONDARY 2§, TUAMS #22 ENAMELED WIRE

§Yce
NOTE T -.PRIMARY 3 TURNS F1B ENAMELED WIRE Tz PRIMARY 2, TURNS #£18 ENAMELED WIRE
SECONDARY | TURN #20 ENAMELED WIRE SECONDARY 4 TURN # 20 EMAMELED WIRE

100 MC—200 MC OSCILLATOR

FEEDBACK 100 Mc - 2N499
——200 Mc - 2N500
A A fie=v=

vl
3.12 vyt

MATCHING

3/4" DIAMETER COILS
4 TURNS - #12 - 100 Me
15 TURNS - 810 - 200 Mc

¢ Low ry’ ¢ Lowc,
’ High fan ’ High f, ..

Philco’s family of MADT transistors offers the designer a new
‘dimension in very high frequency amplification and oscillation.
These new transistors will provide amplification as high as
1500 megacycles. MADT transistors have been successfully
operated through the entire VHF military electronics spectrum.
The accompanying circuit diagrams show typical 100 mc and
200 mc amplifier layouts.

Due to their low rp’ cec product, Philco MADT transistors
will oscillate at frequencies far in excess of fab. The 2N499
produces a specified minimum of 25 mw output at 100 mc. The
2N500 will deliver 20 mw output at 200 mec.

Mass production of these very unique transistors is possible
through Philco’s exclusive electrochemical etching process. Due
to the outstanding precision of this process, certain of these
graded base transistors are manufactured with no intrinsic base

MADT FAMILY APPLICATIONS DATA

Power Oscillator
TYPE" fmax Gain Efficiency Class of Use

250 mcs 10 db at 259, at 100{ oscillator and ampli-
2N499 (min) 100 mcs m(?s (min)} fier to 100 mcs s

25%, at 200} oscillator to
2N500 mcs (min)f 400 mcs

Ultra high-speed switch typical tr = 12 musec; (18 max.);
2NS01 t: = 7 mgsec; (12 max.); ti = 4 musec; (10 max.). In
circuit with current gain of 10 and voltage turnoff.

500 mcs 10 db at amplifier to
2Nso02t 200 mcs 250 mcs

region. This results in much lower power dissipation of the aNs03t 12 db at amplifier to
transistors in critical circuitry. A typical 100 mc—200 mc 100 mes 100 mes
oscillator circuit is shown. 2N504 50mes | 46 db at high gain
455 KC Ii‘ amplifier
Make Philco your prime source of information
. . . . 200 13 db at i i-
for high frequency transistor applications. 2N588 mimy 50 mos °3ﬁ"e‘l!l‘:(t,°g;'§c:mph

Write to Lansdale Tube Company, Division of
Philco Corporation, tansdale, Pa., Dept. E758

*Acailable in voltage ratings up to 35 V and dissipation ratings to 100 mw.
tIn JETEC TO-9 Case (widely known as JETEC 30 Case).

PHILCO. CORPORATION

LANSDALE TUBE COMPANY DIVISION
LANSDALE, PENNSYLVANIA
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Army technician checks battery as part of rouiine maintenance on Nike missile installation. Reliability is strong factor in the
design of modern batteries for use in missiles like these. At right, battery is removed from specially designed recess for replacement

New Batteries
for the Space Age

Electrochemical batteries have a history of reliable service older than the

science of electronics as we know it todav. Under the rigorous demands of

missile service, battery development has taken on new impetus. In this article.

the limitations and applications of some of the latest developments, including

the still-secret thermal cell, are discussed. Here too, are data to aid in the

selection of batteries [or present and future missile applications

By DAVID LINDEN and ARTHUR F. DANIEL,

U. S. Army Signal Research and Development Laboratory, Fort Monmouth, N. J.

150 YEAR-OLD device, the bat-

tery, is gaining new popular-

ity in the most modern equipment
of the space-age. Missile designers
are using these electrochemical sys-
tems with increasing frequency be-
cause of their many advantages in
providing auxiliary missile power.
Missile batteries are different in

~«—CIRCLE 54 READERS SERVICE CARD

design from conventional types as
they must meet many unique re-
quirements that do not exist for
the more standard battery-oper-
ated equipments. These special de-
signs employ active electrochemical
systems, thin plates, thin separa-
tion and other features emphasiz-
ing large plate area and reduced

battery resistance. In addition,
missile batteries must: be light-
weight; operate under unusually

stringent environmental conditions
of temperature, shock, acceleration
and low pressure; possess extreme
reliability with failure rates of less
than 1 part in 100,000; give effi-
cient performance at high current
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TERMINAL VOLTS/CELL

DISCHARGE TIME IN MINUTES

FIG. 1—Typical voltage characteristics of high-rate batteries.

discharges.

drains (battery must yield its ca-
pacity within a period of from 1}
to 15 minutes); deliver moderate
battery voltage, since the current
trend is to use a relatively low volt-
age battery (up to approximately
30 v) and obtain higher voltages
by motor-generators, vibrators or
other electronic converters.

The ideal battery, capable of
meeting all of these specifications,
does not exist at the present time.
However, the missile designer can
select for his particular application
any of several electrochemical sys-
tems, each possessing outstanding
characteristics under certain con-
ditions. At the present time, de-
sirable batteries for high-rate
applications include the recharge-
able sintered-plate nickel-cadmium
battery, the reserve type zinc and
silver oxide battery and the ther-
mal battery.
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Typical discharge characteristic
curves for nickel-cadmium and zinc-
silver oxide batteries are shown in
Fig. 1. Figure 2 shows typical am-
peres/lb as a function of discharge
time for these two cells.

A fourth type, gas activated bat-
teries, while not developed to the
point permitting practical applica-
tion, offers promise for meeting all
of the high-rate battery requisites.

Nickel-Cadmium Battery

A Dbattery system, finding early
use in missile applications was
the sintered-plate nickel-cadmium
battery. In this design, the active
materials are impregnated into a
porous, sintered-nickel plaque, re-
sulting in a battery that gives high-
rate performance, superior to the
common tubular or flat-pocket de-
gigns.

The outstanding characteristic
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FIG. 2—Performance characteristics of common 1-lb batteries at various temperatures.
Curves are based on a 20-percent voltage drop from maixmum during discharge.
Knowing weight or volume, service life can be estimated from these curves
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DISCHARGE TIME IN MINUTES

Curves illustrate better requlation obtained during lower current drain
Design equipment to operate with the widest-voltage spread during discharge for longer service life

of the nickel-cadmium battery for
missile applications is the high de-
gree of reliability that can be
achieved. The nickel-cadmium bat-
tery has a long life and can be fre-
quently recharged, continuously
floated, or trickle-charged to main-
tain it in a state of readiness. It
can be on float for several years
without suffering damage and
overcharging has no detrimental
effect on its performance. The bat-
tery can be tested periodically and,
by proper maintenance and replace-
ment of defective components,
satisfactory performance during
the missile flight is assured.

The battery operates under se-
vere conditions of shock, accelera-
tion, and pressure and retains
about 50 percent of its capacity
after storage of one year at normal
temperatures. If longer storage is
required, the battery can be kept
in a wet and discharged condition
without deterioration and can be
recharged readily to full capacity.

Capacity

The capacity of the nickel-cad-
mium battery at high-discharge
rates is not unusual when compared
to other available battery types,
but its voltage regulation during
discharge is extremely flat. At re-
duced temperatures, it is necessary
to heat the battery to obtain satis-
factory performance. This is usu-
ally accomplished by warming the
missile battery compartment with
ground power until the missile is
launched, as the battery will stay

1958 — ELECTRONICS engineering edition



&

At left, two types of nickel-cadium batteries used for guided missile power supplies.
At right, experimental models of automatically activated zinc-silver oxide types

Zinc-silver peroxide batteries are available in a wide variety of capacities.

B
|
!

At left

are 30-v B batteries with capacities ranging from 0.1 to 25 amp-min. A types, at right,

range in capacity from 40 to 1.250 amp-min

warm during the relatively short
flight.

A nickel-cadmium battery in
which the battery is completely
sealed so that water cannot be lost
through evaporation or as a result
of gassing during charge reduces
maintenance, permits the use of
the battery in enclosed equipment

without venting and provides a
structure which lends itself to
miniaturization. Recommended

charging voltages must not be ex-
ceeded, however, as overcharging
could result in a build-up of gas
which could explode the hermeti-
cally sealed battery. The electrical
characteristics of the sealed cell
are similar to those of the open
or vented cell.

The requirement for continuous
maintenance, although responsible
for the high reliability of the
nickel-cadmium battery, neverthe-
less remains a deterrent to accept-
ance of the battery for tactical field
operation.

From a capacity standpoint, the
zinc-silver oxide battery is attrac-

tive and is coming into more promi-
nent use because of the importance
of small size and weight in missile
applications. The battery, in mis-
sile applications, is often used as
a reserve primary type. In this
design, the electrolyte is kept sepa-
rated from the rest of the battery
until the moment of activation,
normally just prior to use. In the
unactivated condition, when the
battery is properly packaged and
stored at normal temperatures,
shelf life is unlimited.

A line of manually activated
zine-silver oxide batteries is avail-
able in 1.5- and 30-v units, ranging
in capacity from 0.2 to 1,250 am-
pere-minutes at the one-minute
rate. These cells can be grouped
together to provide any desired
voltage and lend themselves to
varied packaging arrangements.
Devices facilitating activation of
these batteries are available.

The zinc-silver oxide battery is
also available as an automatically
activated battery containing a
built-in activating mechanism.
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This battery construction is most
popular as the battery requires no
maintenance, can be stored with the
missile until required for use and
activated almost instantaneously at
the time of missile firing. Activa-
tion in less than 0.5 sec can be
accomplished either locally or from
a remote position, electrically or
mechanically.

A number of different methods
are used for automatic activation
of the zine-silver oxide battery.
Some typical devices are shown and
described in the accompanying il-
lustrations. Both pressure and vac-
uum methods have been developed.
The vacuum devices appear to be
less reliable because the vacuum
may be destroved by gassing of the
battery on standby, particularly at
high temperatures. For this reason
too, it is desirable that a means for
venting of the battery be incorpor-
ated in missile designs.

The zinc-silver oxide battery does
not perform satisfactorily at low
temperatures. In automatically ac-
tivated batteries this problem is
eliminated by heating the electro-
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FIG. 3-—~Performance characteristics of
20-cell chlorine-depolarized battery at
8.5-amp discharge.
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Table I—Battery Selection Chart For Missile Applications

wlbd

Battery Type

Dry cells
Leclanche and
mercury types

Lead-acid

Nickel-cadmium

Zinc-silver oxide

Zine-silver oxide
automatic
activation

General
characteristics

Conventional cylin-
drical or flat dry bat-

teries of manganese
dioxide type; non-

reserve primary  Sys-
tems; wafer cell de-
signs give best high-
rate performance

Conventional storage
type using sulfuric
acid electrolyte;
high-rate design em-
ploys thinner plates
and greater number
than automotive
types

Sinlered plate design
in which active mate-
rials are nickel oxide
and cadmium impreg-
nated in sintered

nickel plaques. Potas-
sium hydroxide elec-
trolyte. Ih-clmrgoublei

Primary reserve type
using zinc¢ and silver
oxide electrodes. Ac-
tivated with potas-
sium hydroxide elec-
trolyte just prior to
use

as zinc-silver
oxide, except con-
tains a device to
automaticully acti-
vate from a remote
or local position

Sarme

Chief advantages

Disadvantages
and limitations

Readily available at|
low cost. easily fabri-
cated into high-volt-
age units, no mainte-
nanee or  aclivalion
required

Low cost, recharge-
able

High reliability,
achieved by continu-
ous {loat-charging,
testing, maintenance;
always ready. Re-
chargeable

Has highest capacity
of all known practi-
cal systems for high-
rate use

High capacity, no
maintenance, aunto-
matic activation,
excellent unacti-
vated shelf life

Poor performance at
high discharge rates;
not normally used in
missile or  high-rate
applications, but in

Performance inferior

to other systems
available for high-
rate use. cannoi bel

recharged below 0 [

Constant maintenance
required for reliable
performance, heating
required for operation
below 30 F

Maunual activation is|
inconvenient and un-
desirable for field
use, low temperature
performance 1s un-

Reliable performance
expected; still  un-
proven. Cannot test
before activation,
heat in low temper-

some experiments satisfactory peratures

Capacity at 80 I,
10 min rate, 20 per-
cent voltage drop
from max during
discharge: |
watt-hrs/lb 2 7 9 28 8-15
watbhrs/cuin. | 0.% 0.45 07 18 0.7-1.1
[.ow-temperature | Poor TFair | Fair | Poor | Poor
performance | | |

-_.___—‘ T . - | N | . . . | . .
Unactivated Not applicable (HC[I—J Dry-charged battery] Wet discharged bat- Unlinited if properly| Unlimited

shelf life

Activated charge

retention when
stored at:

capacity)
RechmFeabili! y—
cycle life

vated at  time  of]|

manufacture)

can be stored for an|
unlimited period

tery can be stored for|
an  unlimited poriod‘

packaged |

1 to 2 years
2 months
1 week

l to 2 months
1 week

14 day

Activation
methods

Reliability

State of

development l

3-6 mos life on float|
service; 100-300
cvcles

8 to 12 months |
2 weeks
3 days

| 1o 7 days
15 day

|
|

At least 2 vrs life on
(loat service; 300-—
2,000 cycles |

|

Not applicable

- . |
Manual activation of
dry-charged battery

Recharging  required
to pul stored battery
in service

|

A rechargeable model|
is available

Manual or with senti-| Built-in

automatic filling de-
vices |

| to 7 days
15 day

Not applicable

automatic
activation; heat be-
fore activation for
optimum perform-
ance; activation time

| 0.5—1 sec

Good: can be checked|
prior to use

Good; can be main-|
tained in readiness,
checked prior to use

Excellent; can  bel
maintained in readi-
ness and prechecked

Sxeellent; can be ac- Reliability antici-

tivated and partially
tested hefore use

pated. but unproven;
cannot pre-test

In production

In production

In production ‘

In production

Preliminary produc-
tion

Partial List
of manufacturers

[
National Carbon Div,
Cleveland, O; Ray-O-
VacCo, Madison. Wis;
Burgess Battery Co,
Freeport, Hl;  U.S.
Electric Mfg Co, New
York, NY: Bright
Star Battery Co. Clif-
ton, NJ; The Magna-|
vox Co, Fort Wavne,
Ind; P. R. Maullory
and Co, Inc, No.
Tarryiown, N. Y.

Gould-National Bat-
teries, Inc, Depew,
NY; Electric Stor-
age Battery Co,
Philadelphia, Pa and
many others

Sonotone Corp, Elns-|
ford, NY; Gould-|
National Batteries,)
Ine, Ni-Cad Div, East-
hampton,Mass;Eagle-
Picher Co, Joplin.
Mo; Gulton  Indus-|
tries, Metuchen, NJ |

Eagle-Picher Co,
Joplin, Mo; Yardney
Electric Co, New
York. NY; American
Machine and Found-|
ry Co, Raleigh, NCj/
KElectric Storage Bat-
tery Co, Philadel-
phia, Pa |
|
|

Eagle-Picher Co,

Joplin, Mo; Yardney
Electric Co. New
York. NY: American
Machine and Found-
ry Co, Raleigh. NC;
F. R. Cooke Co,
Denver, Col: Elec-
tric Storage Battery
Co, Philadelphia, Pa
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Thermal cell

Chlorine-depolarized

Ammonia vapor
activated

Primary reserve type; acti-| Primary reserve type; uac-

vated by heating to a
temperature suflicient to
melt solid electrolyte, mak-
ing it conductive

tivated by introducing
chlorine gas 1o act as the
depolarizer

Primary reserve type; ac-
tivated by introducing
[ ammonia gas to form the
electrolyte

independent
temperature,

Performance
of ambient

Iligh capacity,

%(md low-
temperature per

ormance,

Good low-temperature per-
| formance, simple auto-

rapid activation. excellent| simple  automatic acti-| matic activation, excellent

unactivated shelf life vation unactivated shelf life, high
| reliability, pre-activation
| testing possible

Low cuapacity, cannot be| Short shelf-lifc even in| Siill in development

tested before activation

unactivated condition

Not. available for publi-
cation

Not applicable

Unlimited

Must be used immediately
after activation

20
1

Fair to good to —20 F

6 to 8 months

1 hour

Not applicable

Activation device can be|

built in

Cannot be tested before
activalion

In production

IZagle-Picher  Co,
Mo;  Catalyst  Research
Corp, Baltimore, Md;
Itureka-Williams Corp,
Bloomington, I1; Wurlitzer
Co, North Tonawanda,
NY: Paso and Sevmour,
Syracuse, NY

Not applicable

Gas-activated; at  least
1-3 secs requirved. Heating
required  for  activation
below —20 F

| Not established; preacti-
| vation tests for defects
may be feasible

13
10.8

Good to —65 F

| 15 week (preliminary
figure)

Not applicable

Gas-activaled; at least
i 0.5-1 sec required. lleat-
ing required for activation
below —20 K

pated

In development

|
f~

Azusa, Cal; National Car-
bon Div, Cleveland, O

In development

|—

Joplin,| Aerojet-General Corp,| Eastman Kodak Co,

Rochester, N. Y.
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lyte or battery just prior to activa-
tion. This can be done by either
supplying external power to resist-
ance-wire heaters within the bat-
tery or by employing chemical
heaters in its construction. With
electrical heating, the battery can
be brought safely from —65 F to
operating temperature in less than
15 minutes; with chemical heaters
it should be possible to do this in
ten seconds. The heat is retained
by the battery during activation
and subsequent discharge. Heating
also controls the operating tem-
perature of the battery regardless
of the ambient temperature thus
improving the voltage regulation
over wide temperature ranges.
The automatically activated zinc-
silver oxide battery is currently
widely used for high-rate applica-

tions. It is also beginning to find
use for moderate drain require-
ments when an efficient reserve

type battery is desired. The bat-
tery is easy to use and requires no
maintenance or charging in the
field. It is smaller and lighter than
other battery types of equal capac-
ity. The battery, however, cannot
be tested or checked prior to use.

Extensive manufacturing and
field experience will have to be
gained before the reliability of the
zinc-silver oxide reserve battery
can be assured. Extensive tests di-
rected towards this goal are being
conducted under the guidance of
the U. S. Army Signal Research
and Development Laboratory.

Thermal Cells

The thermal cell is useful when
a reserve battery is required hav-
ing indefinite shelf life and the abil-
ity to develop full voltage rapidly
regardless of the ambient tempera-
ture. The thermal cell employs a
salt electrolyte which is solid when
the battery is inactive. In the solid
state, the electrolvte is nonconduct-
ing and the batteryv is inert. The
cell is activated by heating it to a
temperature sufficiently high to
melt the electrolyte, making it con-
ductive and permitting the flow of
current. This activator, which can
be built into the battery, has no
moving parts or components hence
is smaller, simpler, and more rapid
than that of the Z,—Ag.O battery.

The life of the battery is short
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Automatic activation devices. At left, a plunger breaks seal of gas cylinder. Gas
inflates bladder at end of electrolyte container forcing electrolyte through snap

valve into the individual cells.

At right, expanding gas inverts metal diaphragm

permitting the electrolyte to enter battery compartment

and is primarily dependent on the
time the electrolyte can be main-
tained above its melting point. The
capacity of the thermal cell is low;
in this characteristic, it does not
compare favorably except under
extremely high-rate discharges.

The thermal cell does not refer to
a single electrochemical system
but to an entire series of batteries
using molten electrolytes. The ac-
tive materials, the electrolyte, and
the other battery components can
be varied according to the electrical
performance that is desired. De-
tails and applications of the ther-
mal battery are classified.

Gas-Activated Batteries

The gas-activated batteries are a
class of reserve batteries which are
activated by introducing a gas into
the battery system. There are two
types of gas-activated batteries;
those in which the gas serves as
the depolarizer or cathodic active
material, and those in which the
gas serves to form the electrolyte.
The gas-activated batteries are at-
tractive as their activation is much
simpler and more positive than
with liquid or heat activation. The
gas can be distributed easily
through a multiplate assembly and
as it is nonconductive, there is no
danger of shorting out the battery
through the distribution system.
Good low-temperature performance
can be obtained with some gas sys-
tems without resorting to internal
or external heating.

The chlorine-depolarized battery
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is representative of gas depolar-
ized systems. This battery is noted
for its high energy output per unit
weight and volume. The chlorine
battery, containing a complete auto-
matic activating device should, at
rates ranging from 1 to 5 mins,
be smaller and lighter than other
battery systems having comparable
electrical performance. Typical
discharge curves and the effect of
low-temperature activation are
shown in Fig. 3. Low-temperature
activation to about —20 F is pos-
sible without requiring external
heating, and sufficient heat is gen-
erated during a continuous dis-
charge to keep the battery warm.
The most efficient utilization of this
battery is in discharges up to the
30-min. rate. It may be possible to
perform nondestructive tests on this
battery to determine its condition
prior to use. This cannot be done
on most reserve batteries and is an
important feature for insuring
maximum performance reliability.

The zinc-chlorine battery has

automatically ac-
tivated zinc-silver oxide baitery. Copper
tube sealed by metal foil diaphragm
contains electirolyte

Cutaway view of

poor inactivated shelf-life and does
not give reliable performance after
6- to 8-mos storage at normal tem-
perature. This disadvantage has
limited the field use of this bat-
tery system.

Ammonia-Vapor-Activated Types

The ava battery is a reserve type
operating on the principle that cer-
tain solid salts such as ammonia
thiocyanate, which are nonconduct-
ing when solid, will absorb am-
monia with great rapidity to form
electrolyte solutions of high con-
ductivity. A typical ammonia-
vapor-activated battery consists of
a zinc anode, a separator impreg-
nated with ammonium thiocyanate
salt and a depolarizer such as lead
dioxide. The ammonia is stored in
liquid form under pressure in an
ampule within the battery.

Cells are appropriately stacked
to obtain the desired voltages and
the entire battery encased in a
pressure vessel that can withstand
the pressures that develop after the
battery is activated. To activate,
the ammonia reservoir is opened,
liberating the gas into the cells
where it dissolves the salt to pro-
duce a liquid electrolyte.

Shelf Life

Shelf life of the ava battery in
the unactivated condition is un-
limited, but its activated life at
present is about one week. Its ca-
pacity at normal temperatures falls
between that of the silver-oxide
and nickel-cadmium batteries and
will probably be improved as new
component materials are studied.
With appropriate design, the sys-
tem will perform efficiently at the
1 to 2 min rate required for mis-
sile applications and at the 24-hr
rate required for radio or communi-
cations applications. Typical dis-
charge characteristics at room
temperature are shown in Fig. 4.

The most importat advantage of
the ava system is the expected ex-
cellent low-temperature perform-
ance. Since the natural habitat of
this nonaqueous system is in the
low temperature region, its dis-
charge characteristics should be
practically independent of tem-
perature down to —65 F, after the
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A 20-cell experimental zinc-chlorine bat-
tery. At top is valve for draining and
socket for activation

battery is activated. As ammonia
does not volatilize readily at sub-
zero temperature, it is necessary to
incorporate chemical heaters in the
activating device or provide exter-
nal heat to activate below this tem-
perature. Another advantage of
the ava battery is that it may be
possible to test it nondestructively
by the introduction of ammonia
vapor into the battery. After the

necessary electrical checks are
made, the battery can be returned
to storage in its original unacti-
vated condition by evacuation.

It is expected that the ava sys-
tem will be used widely in the not
too distant future for both moder-
ate-rate and high-rate use.

Conventional Battery Systems

Conventional batteries are often
incapable of meeting the high rate
requirements of missiles as they
are not designed for efficient per-
formance at high current drain
discharges. Thin plate designs us-
ing the Leclanche, mercuric oxide,
or other dry cell systems were
studied. However, the wet sys-
tems were found to have a lower
resistance, higher capacity, and bet-
ter voltage characteristics at the
high-drain discharges.

One advantage of the dry cell,
namely the ability to be fabricated
in high-voltage stacks, is becoming
somewhat less important in high-
rate applications because of the
trend to low-voltage battery power
supplies.

A second advantage of the dry
cell, the fact that the battery re-
quires no activation, maintenance,
or preparation in the field prior to
or during use, has not been of suffi-
cient importance to warrant the use
of the battery for other than ex-
perimental purposes in view of its
performance characteristics.

The lead-acid storage battery
was used in the first high-rate ap-
plications of the late 1940’s. Its
high-rate and low-temperature per-
formance was better than most of
the batteries available at the time,
but it was soon abandoned in favor
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FIG. 5—Typical lead-acid battery characteristics.
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This type is not generally employed

for missiles, except in experimental applications

ELECTRONICS engineering edition — July 18, 1958

of new systems developed specifi-
cally for missile-type applications.
Tvpical lead-acid battery charac-
teristic are shown in Fig. 5. Other
acid systems, such as perchloride
or fluoborie acid, have been con-
sidered for high-rate use because
of their excellent low-temperature
characteristics brought about by
the low resistivity and low freez-
ing points of the electrolyte. These
batteries have not been recom-
mended for general use as they
have a shelf life of only a few hours
and relatively low capacity per unit
weight and volume.
Today, the engineer

has his

TERMINAL
CONNECTION

SPACER

~SINGLE CELL
PACKETS

A typical ammonia vapor-activated bat-
tery. This type is built up of single cell
packets, connected in series, surronding
the ammonia activator

choice of many different types of
electrochemical  batteries. Bat-
teries will function capably if the
most desirable system and design
is selected for each application. All
operational factors, electrical,
physical, mechanical, and environ-
mental, must be considered before
the final choice is made.

The battery information con-
tained in this article is intended
to guide the engineer towuards the
selection of the best available bat-
tery, but the performance of a given
battery type can be obtained most
accurately by an actual test under
specified use.

The authors acknowledge the as-
sistance of the members of the
Power Sources Division, U. 8.
Army Signal Research and Devel-
opment Laboratory, and the bat-
tery industry in supplying data.
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Pin lap showing crystal blanks and
spacers with top plate removed

Impedance matching coaxial cable is
connected to alligator clip

N
2 Ta
et Ll

The front cover—planetary lap with
automatic cut-off

Trigger Circuit Controls

Audio output of receiver, connected to crystals being lapped, to which the

lapping machine operator ordinarily listens, triggers a circuit to automati-

cally shut down the lapping machine. Crystal thickness is determined by an

electronic circuit rather than an operator’s ear. Operators can run at least

twice as many machines with improved production accuracy

By J. F. BRUMACH, R. E. BENNETT, and R. P. CHALKER

Union Thermoelectrie Corp., Forest Park, Illinois

ETERMINING THICKNESS of
D quartz crystal blanks is one
of the most critical steps in the
manufacture of crystals when the
thickness determines the operating
frequency.

A 0.000003 to 0.000008-in. toler-
ance is necessary for the last stock
removing operation.

When a quartz crystal is sub-
jected to a stress, a small voltage
is developed across it. This volt-
age is directly proportional to crys-
tal thickness and therefore to crys-
tal frequency.

Lapping machines most com-
monly used for cutting crystals are
controlled by an operator who lis-
tens to a noise-signal generated by
the crystals being lapped. When the
noise signal peaks, he turns off the
machine. The automatic control
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which will be described is not de-
pendent on the operators ear. It
shuts off automatically.

Lapping Process

Crystal blanks are placed between
the top and bottom plates of the
lapping machine. The blanks are
moved between the plates by
carriers, slightly thinner than the
blanks, and made of plastic, zinc
or shim steel. The plates press part-
icles of liquid abrasive against the
crystals. Voltages are developed
across the crystals at a frequency
which is determined by crystal
thickness.

A radio receiver, connected to the
top and bottom plates of the lapping
machine, is tuned near the fre-
quency of the blanks being lapped.
A noise-signal can be heard from

the radio when crystal thickness
produces a crystal frequency which
is the same as the tuned radio
frequency. The operator of the
lapping machine listens to the
receiver until the noise becomes
loud enough to indicate a signal
peak. He then turns off the lapping
machine. With automatic control,
the machine shuts itself off when
the preset audio level is reached.

Signal Variables

The amount of signal generated
by the mechanical excitation of the
crystal blanks and transmitted to
the receiver depends on a number
of factors which are shown in a
simplified equivalent circuit, Fig. 1.
Symbols G, G.. . . G, represent
the individual crystal blanks. They
can be thought of as alternating
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FIG. 1—Quantities G.. G: . . . G repre-
sent individual crystal blanks in a cry-
stal lapping machine

FIG. 2—A 12AT7 relay control tube
shuts off the crystal lapping machine at
a preset signal level

SIGNAL

.
LEVEL o oene OPERATE
o \VE-5I 9 NE-5!
; 200K n '
s |
K=X 1,000

5

| AUDIO IN
FROM RECEIVER =

15v
= 60CPS

TO LAPPING
MACHINE

Quartz Crystal Lapping

current generators in parallel, which
generate slightly different frequen-
cies. If the frequency (thickness)
variations are large, the noise peak
is broad and weak. Symbol R repre-
sents the electrical resistance be-
tween the two lapping plates and
depends on conductivity of the abra-
sive mixture, conductivity of the
carriers, area of the lapping plates
and the distance between them.
This quantity R is smaller when
thin, high-frequency blanks are
lapped since the plates are closer
together. Switch S represents
momentary shorts that occur when
metal carriers are used. Capacitor
C is the capacitance between the
two lap plates and depends on plate
area, distance between plates, di-
electric constant of the abrasive
mixture and whether the carriers
are conductive or nonconductive.

Impedance Matching

A considerable improvement in
the signal reception can be made
by matching receiver input imped-
ance, usually 300 ohms, to the low
impedance of the lapping machine.

A short length of coaxial cable
(considerably under a quarter
wavelength) is used. This length
exhibits inductive reactance which
is resonated by a variable capaci-
tor. Cable length is critical for ac-
curate impedance match.

A proper impedance match is
obtained only at the resonant fre-
quency of the inductance and capaci-
tance. When the receiver has an
antenna trimmer control the ex-
ternal capacitor can be omitted.

Even with careful impedance
matching it becomes increasingly
difficult to obtain a good signal
from the lapping machine at fre-
quencies above 10 mc. Consequently,
the in-going work is sorted to obtain
a minimum frequency differences
between blanks.

For automatic machine operation,
Fig. 2, audio output of the receiver
obtained by connecting the input
transformer primary directly to
the output tube plate is rectified
and used to shut the machine at a
predetermined signal level on a
preset receiver frequency.

No changes are necessary in the
radio receiver wiring. Audio level
is rectified, and applied as bias to
one grid of the 12ATT relay tube.
This bias decreases the plate cur-
rent until the 2,500-ohm relay drops
out. One contact of the relay opens
the circuit to the 115 v relay which
opens the powerline circuit to the
lapping machine. A second contact
opens the plate circuit of the tube
and prevents the relay from clos-
ing until voltage is applied by the
reset switch. Closing the reset
switch starts the lapping machine.
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The bias voltage 1is applied
through a 1l-sec time constant cir-
cuit consisting of a 1 megohm resis-
tor and a 1-uf capacitor. This cir-
cuit prevents short interference
pulses from operating the relay.

There are two neon indicator
lamps. One is connected in the plate
circuit of the 12ATT through the
2,500-ohm relay and glows when-
ever the relays are closed and the
lap is in operation. Another is
connected to the other plate of the
tube and acts as an indicator of
signal level. Adjustment is pro-
vided by a potentiometer in the
grid circuit.

The 10 uf capacitor by-passes
audio frequencies at the plate volt-
age return points for the 12AT7.
The R, and R. voltage divider
decreases holding current in the
relay tube circuit. The entire unit
is mounted in a fuse box.

Operation of the automatic shut-
off requires a better signal, and
more freedom from noise bursts
than aural monitoring. It is there-
fore diflicult to extend its operation
to high frequency. However, it is
useful up to about 14 mec.

The automatic system will enable
an operator to tend at least twice
as many machines, since he has
only to load and start the machine,
and can unload at any convenient
time after it has stopped.
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Computer Analyzes

Brain-wave analyzer uses Schmitt trigger and flip-flop circuits to chart be-

havior of irregular electrical waveforms emitted by the brain. This new

approach to neurophysiological indexing of brain waves uses derivative curves

of the primary eeg signals to quantitatively describe waveshape deviations

in terms of time and amplitude and aids study of adaptability to space travel

By CARL J. ZAANDER

Physicist, Mechanics Research Department, American Machine and Foundry Co., Chicago, I1l.
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FIG. 1—Idealized representation of eeg
signal shows the primary eeg the base
period. right-deviation and left-deviation
coefficients on three parallel charts

68

LECTRICAL SIGNALS emitted by

the brain are useful indexes of
brain  condition and activity.
Analysis of changes in potential be-
tween separate points on the brain
is a widely used means of diag-
nosing  pathological conditions,
such as epilepsy and brain tumors
and of investigating changes in
brain activity when a person is sub-
Ject to stress, stimulation and
fatigue.

The EEG Signal

Visual examination of these
brain signals shows changes in am-
plitude and frequency content. The
earliest investigators employed di-
rect Fourier analysis of short sec-
tions of an eeg (electroencephalo-
gram) record; later, mechanically
tuned recorders were used and to-
day, highly selective wave analyzers
determine frequencies and ampli-
tudes of the sine-wave components
in the eeg signal. While Fourier
analysis can provide a good mathe-
matical fit to a selected portion of
the eeg signal, correlation of the
results with the clinical conditions
of the subjects has not been com-
pletely successful.

Many qualified observers believe
that the inability of applying the
Fourier series significantly to eeg
interpretation is attributable to
causes other than the practical
limitations of modern frequency
analyzers. Correlation existing be-

tween the frequency components of
the eeg signal and the clinical state
of the subject may be reduced due
to insufficient discrimination
against the nonsignificant compo-
nents of the eeg signal.

New Approach

In 1954, a group working at the
Aero Medical Laboratory  at
Wright-Patterson Air Force Base
devised a new theory as to neuro-
physiological coding of the eeg sig-
nal. Instead of assuming that the
basic elements of the eeg are sine
waves, they postulated that the eeg
potential is expressible by a Gram-
Charlier series which is composed
of a superposition of the normal
functions together with their de-
rivatives. This type of series is
capable of fitting irregular wave-
forms with relatively few terms.

An electronic period analyzer
which quantitatively describes each
individual brain-wave burst has
been developed by the Mechanics Re-
search Department of American
Machine & Foundry. The project
was sponsored by the Air Force
Aero Medical Laboratory for re-
search in airmen’s reactions to
oxygen deficiency, fatigue, alert-
ness and chemical effects on brain
performance. Such an instrument
using relays as the decision ele-
ments had been built by the elec-
tronics group of the Aero Medical
Laboratory at WADC and was de-
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Brain Wavetorms

seribed April 1957 at the IRE
Second National Simulation Con-
ference, Houston, Texas. This

model is based on the representa-
tion of the primary eeg signal as
a mathematical combination of the
terms of a Gram-Charlier series.

Waveform Analyzer

The eeg analyzer automatically
computes, records and displays
clinically-significant excursions of
the primary eeg signal on three
parallel charts. These significant
quantities are called left deviation,
right deviation and base period
(see Fig. 1).

The primary eeg waveform is
shown as an idealized positive-
going signal. The left deviation
coefficient L,, is the time between
the first point of inflection and sig-
nal maximum; R,, the right devia-
tion coefficient, is the time between
the maximum and the second inflec-
tion point; and the base period is
the time between zero crossings.

The comparative magnitude of
the left and the right deviation co-
efficients is a measure of the
skewness of the curve. This physio-
logically significant factor is unob-
tainable with frequency analysis.

When a subject is asleep or not

IN PRIMARY EEG SIGNAL

'

Front view of the electroencephalogram analyzer. Schmitt-circuit indicator lights are
on the lower panel, the middle panel contains the computer. Power supply is at top

concentrating his brain generates
isolated slow waves. Comparison of
the awake and asleep base period
curves shows that other signals gen-
erated by an alert brain damp the
slow waves. The precise presenta-
tion of small variations in the slow
waves 18 one of the principal rea-

120-CPS CATH NEON s
LOW- PASS > FOLL SCAMITAT » LIGHT !
AMP | | J INDJCATOR ouT
R-C A .. SCHMITT - NEON 5,
DIFF —* 2 2 LIGHT Moot
CATH S
AMP Y FOLL o SCHMITT o NEON 3
2 3 3 LIGHT ouT
0-C MP 60-CPS
g Ay . REJECT
FILTER

FIG. 2—Block diagram of the zero-crossing detector which locates the position of
the zeros of the primary eeg and its first and second derivdatives
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sons the eeg analyzer is an excel-
lent fatigue and alertness detector.

The equipment produces the
three derived outputs of each pri-
mary eeg signal as triangular
pulses whose heights are propor-
tional to these quantities. Plotting
amplitude horizontally rather than
longitudinally compresses the
graphs from five to six times and
greatly assists inspection and
analysis,

The basic units of the analyzer
are a zero-crossing detector, a com-
puter and a power supply.

The zero-crossing detector Ilo-
cates the position of the zeros of
the primary eeg and its first and
second derivatives.

The computer operates on the
zero-crossing measurements to pro-
duce an analog voltage proportional
to the time between adjacent pri-
mary zeros (the base period); and
operates on the zeros of the first and
second derivatives to produce ana-
log voltages proportional to the
values of the left and right devia-
tion coefficients.

The power supply provides the
regulated 4250 v, +180 v, —150 v
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FIG. 3—Zero-detector circuitry uses Schmitt triggers to produce an output of one value whenever the input signal exceeds a particular
reference and conversely generates an output of one other value whenever the input signal is less than the reference value

and 120 v d-c required to operate
the entire equipment.

Zero Detector

Figure 2 is a block diagram of
the zero detector. The eeg signal
is amplified and band-limited in
preparation for the Schmitt-trigger
circuits which are the decision ele-
ments. The Schmitt circuit produces
an output of one value whenever
the input signal exceeds some
reference value and conversely,
generates an output of one other
value whenever the input signal is
less than the reference value. The
reference is held as near zero as
possible for the detection of base-
line crossings of the primary signal
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and its first and second derivatives.

The Schmitt circuits operate
with a high input signal to reduce
the timing error associated with
detecting a base-line crossing cor-
responding to a fixed voltage.
Three Schmitt circuits handle an
input signal of approximately 100-
v, peak-to-peak, without overload-
ing. The circuits have approxi-
mately equal sensitivities for both
polarity signals, that 1is, their

hyteresis is symmetrical.

The primary eeg signal is re-
ceived with an amplitude of ap-
proximately 2.5-v peak-to-peak and
feeds a low-pass amplifier with a
gain of about 40. The amplifier
output feeds a

cathode-follower

FIG. 4—Block diagrams of the left deviation pulse circuit (left) and right-deviation
and base-period pulse circuit (right) used in eeq waveform analyzer

Brain-wave recording of subject awake
waves generated during sleep (below) are
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and at rest shows that isolated slow
dampened by an alert awake brain

whose d-c cathode potential is ad-
justable. Since the cathode-fol-
lower is direct-coupled to the first
Schmitt, the adjustable control on
the cathode-follower becomes the
Schmitt’s sensitivity control. The
Schmitt, in turn, is coupled to an
amplifier operating a neon-light in-
dicator used in sensitivity adjust-
ments.

Low-Pass Amplifier

As shown in Fig. 3, the low-fre-
quency band-pass filter is intro-
duced to eliminate 120-cps inter-
ference and has essentially flat
amplitude and linear phase charac-
teristics. The eeg wave is passed
without distortion and is delayed

BASE LINE

AWAKE

BASE, LINE
R ke

BASE LINE

RIGHT
DEviaT
oM

EEP
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FIG. 5—Schematic of the computer which

approximately 8 millisec. The
cathode follower operates at about
zero cathode potential with respect
to chassis ground to keep the
direct-current as small as possible
and avoid core-saturation signal
distortion. The two-stuge feedback
amplifier has a gain of about 100.
Maximum undistorted signal at the
amplifier output is about 100 v,
Because the unit is particularly
sensitive to stray 60-cps pickup
from the power transformers, the
low-pass amplifier is housed in a
special high-permeability case.

Schmitt Discriminator

Both sections of the first 12AX7
tube, Fig. 3, are the first Schmitt
discriminator. The left half is nor-
mally conducting and its low plate
potential holds the right half off.
A sufficiently negative input signal
raises the plate potential of the
left side and causes the right side
to conduct. Positive feedback

operates’ on the zero-crossing measurements of the detector to produce analog voltages
proportional to the time between base periods and also proportional !o the time values of the left and right deviation coefficients

through the common cathode re-
sistor starts a regenerative action
which cuts off the left side and
produces a negative output signal.
When the negative input signal is
removed the circuit reverts to its
original state.

The output produced when the
Schmitt input signal deviated from
zero is approximately =0.8 v. If a
common supply is used for both the
adjustable reference and the plate
supply, sensitivity is independent
of the actual value of the supply
voltage for small changes in mag-

nitude. These circuits produce
rectangular waves of approxi-
mately 5 v.

Outputs of the three Schmitt cir-
cuits are direct-coupled to three
amplifiers driving the sensitivity-
control indicator-light circuits.
When the right half of a Schmitt
is conducting, the amplifier is cut
off, raising its plate potential and
the neon tube glows. When the
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right half of the Schmitt is non-
conducting, the amplifier tube has
zero bias and, consequently, low
plate voltage hence the light is out,

Differentiators.

The amplified, band-limited sig-
nal is differentiated by the com-
bination R, C, (Fig. 3). Phase
shift was measured with Lissasjou
patterns. There is no appreciable
deviation from 90 deg in the 5- to
100-cps range and differentiation
is essentially perfect through the
region of interest.

Differentiator combination, R,
C., produces the second derivative
and operates the same as the first
derivative circuit.

Rejection Filter

The 60-cps rejection filter, shown
in Fig. 3, uses a 12AT7 tube in a
difference circuit in conjunction
with a Wien-Bridge. This filter is
optional and may be switched in or
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out. It attenuates the 60-cps com-
ponent before the third Schmitt
which is especially sensitive to
spurious 60-cps voltage because of
the selective amplification of the
differentiation circuits. The filter
reduces this component by a factor
of approximately 100 and reduces
the signal bandwidth to about 30
cps.

Computer

The left deviation coefficient is
a quantity proportional to the time
from a negative-going second
derivative zero to the following
negative-going first derivative zero
in a positive excursion of the pri-
mary eeg signal, (See Fig. 1)

The computer has to generate a
pulse proportional to the time be-
tween the left inflection point A
and the signal maximum E. The
second derivative has a zero at A
where the signal changed from
positive to negative. The dotted
curve, S, Direct, is the output of
the third Schmitt (second deriva-
tive) ecircuit. Its derivative yvields
a negative spike at point 4. All
that is required, therefore, is to
start a pulse at 4 and stop it at
point E (taken in a similar manner
from the S. direct Schmitt). This
constant amplitude pulse is then
integrated to produce another pulse
with an amplitude proportional ©»
the left deviation coefficient. The
right deviation coefficient pulse is
similarly generated.

Figure 4 is a block diagram
showing the elements that form
the left deviation pulse. The sig-
nals S, direct, S. direct and S, di-
rect, generated by the zero de-
tector, are differentiated to
deliver negative spikes to the flip
flops. These monostable multivi-
brators produce output pulses of
approximately 200 usec duration
when activated with negative
spikes. When the scaler is acti-
vated by the S; flip flop, point A4,
Fig. 1, it generates a constant am-
plitude pulse until the S. flip flop
receives a negative spike (point B,
Fig. 1) that resets it to off. The
scaler output pulse then has a dura-
tion equal to the interval between
points A and B.

A pulse from the S, flip flop
(produced when the primary eeg
signal passes through zero) com-
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bines with the S. flip flop output
and resets the scaler to prevent
noise pulses from holding the scaler
on and missing the next pulse.

The scaler output is shaped into
a triangular pulse by a parallel
R-C pulse former. The gate is
opened by the S, pulse so that left
deviation pulses are produced only
during positive excursions of the
primary eeg signal. The cathode
follower receiving the pulse-former
output provides a relatively low
output impedance and permits the
use of chassis ground as the out-
put signal reference level.

Right Deviation

The functional relationship of
elements used to form the right
deviation coefficient (Fig. 5) are
identical with those forming the
left deviation pulse except that the
S. pulse has the wrong polarity to
operate the S. flip flop. For this
reason the right deviation pulse
is taken from the S. amplifier in
the zero detector circuit.

The base-period output is a sig-
nal whose amplitude is propor-
tional to the length of time the pri-
mary eeg signal is positive. It is
obtained from the S, direct out-
put. After amplification, this pulse
is fed to a pulse former and then
to the output cathode follower.

Figure 5 is the computer sche-
matic.

The scalers are bistable flip flops
activated by suitable combinations
of multivibrator pulses. The scaler
stages have an input sensitivity of
approximately 15 v and produce a
rectangular output pulse of approxi-
mately 30 v.

The gate tubes are cathode fol-
lowers with a common cathode con-
nection. The cathode essentially
follows the more positive grid.
One cathode follower receives the
scaler output while the other re-
ceives a signal derived from the
S.-direct pulse. Therefore the
common cathode of the gate tube
produces an output only when both
grids are negative, that is, when the
primary eeg signal is positive. When
properly adjusted the gate output
is a replica of the scaler output
with about one-lialf the scaler pulse
amplitude.

The pulse formers generate tri-
angular-shaped deviation and base-

period pulses. The cathode cannot
follow the input signal because of
the large capacitance across the
output. When a negative impulse is
applied to the grid, the capacitor
discharges exponentially until the
input signal is removed. However,
the voltage drop is essentially
linear because the maximum dis-
charge is limited to about 5 per-
cent of the voltage across the ca-
pacitor. Thus, a triangular pulse
whose amplitude is proportional
to the pulse duration is formed.
The pulse-former cathodes op-
erate at about ground potential be-
cause the resistor divider in the
grid circuits returns to a negative
voltage whose proper value is
bound by adjusting three variable
resistors. These adjustments give
a chassis voltage reference for op-
erating a graphical recorder.

Count Rate Meters

The count rate meter flip-flop
tubes operate so that the meter
reading is proportional to the in-
put pulse rate. The circuit has an
accuracy of approximately =+5 per-
cent with respect to meter linear-
ity. Deviation from linearity is
principally due to the fact that at
full scale the voltage drop across
the R-C averaging circuits has be-
come an appreciable portion of the
supply voltage. The count-rate cir-
cuits have an input sensitivity of
about 1.5 v and produce pulses of
approximately 475 usec duration.
Either count rate circuit can be
initiated by base period pulses or
the deviation coefficients. Averag-
ing times from 0.1 to 10 seconds
can be selected.

The author thanks Dr. N. Burch,
Department of Psychiatry, Baylor
University, M. A. McLennon of
Wright-Patterson Air Force Base
and B. Saltzberg of the Ramo-
Wooldridge Corp. for their assist-
ance during the conceptual stages
of this program and C. Barr and J.
Buckley of AMF for their assist-
ance during the designing and test-
ing of this equipment.
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Trip system equipment will shut down
the reactor if ion-chambers malfunction
or component {ails in the system
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FIG. 1—Block diagram of the trip system. Trip signals are fed both to the OR gate
of the control amplifier and to the OR gate of the auxiliary trip circuit, which opens
the power relays and drops the control rods

How Transistor Circuits
Protect Atomic Reactors

All transistorized trip system guards against nuclear radiation hazards and

provides maximum critical assembly safety even at the expense of reactor

plant shutdown. Malfunction in the ion-chambers or circuit component

failure generates a trip signal that drops the reactor control rods. Auxiliary

trip circuits provide fail-safe operation, each made capable of shutting down

or scramming the reactor

By E. J. WADE and D. S. DAVIDSON

General Electric Co.,, Knolls

RIP circuits for experimental
T reactors provide maximum
safety against radiation hazards,
even at the expense of reactor shut-
down because many built-in safety
features of power reactors may not
be available. To ensure reliable op-
eration, several circuits in parallel
are each capable of shutting down
or scramming the reactor if a com-
ponent fails. These circuits fail

Atomic I’ower Laboratory,

Schenectady, N. Y,

safe and have interlocks to ensure
proper operation.

Design Philosophy

Five inputs from ion-chambers
are used, with provision for operat-
ing with a minimum of three. Each
safety control rod in the reactor is
restrained by a magnetic latch that
is controlled by an output cirecuit.
These output circuits hold constant

ELECTRONICS engineering edition — July 18, 1958

current until actuated by a trip
signal which reduces the current to
zero in a few milliseconds.

To ensure tripping, each input
circuit is directly connected to all
of the output circuits. There is no
common bus and an open or a short
either in the interconnections or at
the inputs will cause a trip.

Power for all the magnetic
latches is fed through two series
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Internal view of trip s+-stem equipment.

Power supply is at boitom, control

amplifiers above and meter monitoring
is located at the top

relays, held closed by an inter-
lock circuit. Tripping of any output
circuit opens the interlocks and
trips all the rods. Most component
failures also open the interlocks.
If a condition arises where all but
one of the input circuits and one
of the output circuits are inopera-
tive because a component fails in
a manner which does not cause a
trip, then a trip signal to the re-
maining input circuit will still trip
the remaining output circuit and
relays.

Block Diagram

The block diagram, Fig. 1, shows
the arrangement used in the over-
all system. The detectors and ampli-
fiers, not discussed in detail, sup-
ply a signal to the input of the
bistable circuits.

The outputs of the bistable cir-
cuits are connected through AND
gates so that, if desired, two input
signals are necessary before a trip
signal is generated. In either case,
the trip signals are fed in two di-
rections, first to the or gates of the
output amplifiers and second to the
OR gate of the auxiliary circuit,
which opens the power relays and
drops all the control rods in the
reactor. Since this is a back-up
circuit, the control amplifiers will
reduce the rod currents to zero
before the relays open.

The input bistable circuit, shown
in Fig. 2, has a dual function. The
portion to the right of the dotted
line acts as a regulator that holds
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a constant voltage on the output cir-
cuits until tripping occurs.

Considering the portion of the
circuit to the right of the dotted
line, a 5-v reference is obtained
from the voltage divider R.-R. and
applied to the base of Q.. Since the
emitter of Q. is at the output poten-
tial, this transistor acts as an error-
signal amplifier. The amplified er-
ror signal from the collector of Q.
is applied to the base of @,, which
acts as a series regulator holding
the output at a constant value.

Transistor Q. is nonconducting
for the normal input potential of
—9 v. Under this condition the base
of @, is near ground potential and
the emitter is at +2.7 v.

As the input is reduced toward
the trip point of —3 v, the bias is
reduced on Q. and it starts to con-
duct. Current flow from the col-
lector of Q. into voltage divider
R.-R. reduces the reference poten-
tial at the base of Q.. This reduces
the current through R., Q., R. and
R.. The resulting positive change
in potential at the collector of Q.
is fed back to the base of Q.. Also,
positive feedback to the emitter of
@. from the change in potential at
the junction of R, and R, latches the
bistable in the tripped condition.

To prevent tripping during the
presence of noise, a capacitance of
0.02 uf is connected from the junc-
tion of R, and R, to ground so that
pulses shorter than 1 millisec will
not trip the circuit.

Once tripped, the circuit cannot
be reset by restoring negative po-
tential at the input because the di-
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+5V
-2V
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FIG. 2—Schematic of dual-function in-
put bistable circuit. Portion of the cir-
cuit to the right of the dashed line acts
as a requlator by maintaining constant
voltage at the output until trip

+20V INTERLOCK CKT
—— e Oy
15K
- AUX TRIP RELAY
= (ENERGIZED)

L |

OR
GATESJH

2
x N
© 4
w [%9)
a =
<{ -
: 2
© 3«
> =
z "8
= e
o
@ |
- 2
3
4
LN
ALL DIODES
CONDITIONAL IN450
TRIP RELAY
(ENERGIZED) K=X1,000

FIG. 3—Schematic of AND-OR gates and
auxiliary trip circuit. The AND gates
require two inputs to generate a trip.
Auxiliary circuit opens interlocks

ode will prevent the base of Q. from
becoming negative while the emit-
ter current holds @. in saturation.
When the reset switch is opened
the current in @, cuts off and
when it closes, current flows
through the regulating circuit with
Q. biased nonconducting. Since
current flow is required to maintain
the input at a negative potential,
an open circuit or a short to ground
will cause tripping. Built-in test
facilities can be activated when the
circuit is disconnected from the
ion-chamber amplifiers.

Accidental Trips

Although only three inputs are
shown in Fig. 2, there are actually
five inputs. The other two do not
go through the AND gates and
either one but not both may be dis-
connected without opening the in-
terlocks. Indication of which input
circuit has caused a scram is given
by neon lamps since the bistables
remain tripped until reset man-
ually.
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As shown in Fig. 3, outputs from
three of the bistable circuits are
connected through AND gates con-
sisting of three pairs of diodes. The
connection is arranged so that two
bistable circuits ‘must generate a
tripping signal to interrupt the cur-
rent to the output circuits and
cause a trip. This feature is pro-
vided to reduce the possibility of
accidental trips due to component
failures and may be disconnected by
deenergizing the conditional trip
relay that opens one of each pair of
diodes.

The outputs of the bistable units
or the outputs of the two out of
three AND gates are connected
through OR gates to the auxiliary
trip relay circuit that opens the
interlocks. This circuit consists of
a transistor with its base current
supplied from +20 v through a
resistor and the base potential
clamped to the 5-v outputs of the
bistable circuits through the oOr
gates. When a trip signal is gen-
erated all the base current is di-
verted through one of the diodes
and the potential goes negative,
cutting off the transistor and open-
ing the relay.

Normally, the relay current is
controlled by the emitter resistor,
since the transistor is not in sat-
uration, and an increase or decrease
in relay current on the monitoring
meter would indicate loss of control
by the transistor.

R
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FIG. 4—Schematic of feedback type
regulator conirol amplifier. The ampli-
fier uses the -+ 10-v supply as a refer-
ence to hold the output at —2 v

The control amplifiers (Fig. 4)
are primarily feedback type regu-
lators which hold the magnet cur-
rents constant. A negative 2-v po-
tential across a shunt is combined
with a positive 10-v reference to
generate an error voltage at the
junction of R, and R, The error
potential is amplified by @, and ap-
plied to the base of emitter follower
Q. through divider R,-R.. The out-
put of Q. drives the base of the out-
put stage Q..

The current through the rod
magnets is set by adjusting R, and
is normally 0.6 ampere. The lamp
across this resistor indicates rod
magnet current and the brilliance
is unaffected by the adjustment.

The inputs are normally main-
tained at 5 v by current supplied
from the input bistable circuits.
Tripping: occurs whenever the po-
tential at one of the inputs drops
sufficiently to allow current flow
through one of the diodes. This, in
effect, changes the reference poten-
tial and causes the output current
to approach. zero. Amplifier @, be-
comes saturated and emitter fol-
lower Q. then turns off the output
transistor Q.

The variation in peak collector
voltage of @, is limited to 50 v by
damping circuit R, and C, and the
reversed potential, of about five
times normal, reduces the current
to zero in about 10 milliseconds. A
slight reversal of current reduces
the residual flux. Tripping of any
one output control amplifier actu-
ates the undercurrent-overcurrent
relay and opens the interlock cir-
cuit, which provides additional
back-up against any control ampli-
fier being inoperative and may also
signal failure of components.

For certain tests, selected rods
must be tripped. Also, rod-drop se-
lector switches connect an addi-
tional input of the control ampli-
fiers to a bus. When the desired rod
selections have been made, the bus
is connected to —10 v, which drops
the desired rods.

Protective Circuits
The undercurrent - overcurrent
circuit is shown in Fig. 5. This cir-
cuit guards against improper oper-
ation of the control amplifier. The
output may be used to scram the
reactor or give operator warning.
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— -0V
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FIG. 5—Schematic of undercurrent-over-
current back-up circuit. The circuit does
not permit the rod currents to vary
beyond predetermined limits without
inifiating a reactor scram

The circuit operates on overcur-
rent if the output power transistor
does not have sufficient potential
to regulate the current, either be-
cause of low voltage from the
power supply, high coil resistance
or the current being set too high.

Operation due to undercurrent
may occur for many reasons such as
component failures in the control
amplifier, open circuit or high re-
sistance in the magnet circuit or as
a result of low supply voltage.

The circuit consists of a relay in
series with two transistors either
of which may open the relay-coil
circuit. The bases are biased by a
voltage divider at the desired poten-
tials. The inputs from the control
amplifiers are applied to the emit-
ters of the transistors.

The undercurrent input will be
at the potential which corresponds
to the output of the control ampli-
fier having the lowest current and
an input less than 1.3 v will cut off
Q. and open the relay. Normally, no
current will flow to the undercur-
rent input since all the diodes in the
gate circuit will be nonconducting.

The operation for the overcur-
rent input is similar, except that
the input has a large 180-cps com-
ponent from the unfiltered 3-phuse
supply for the rod magnets and the
peak values are rectified and filtered
before being applied to Q..

REFERENCE
(1) R. 3. Stone, Recent Developments in

Nuclear Instrumentation uat the Knolls
Atomic Power Laboratory, AIFE Com-
munication and Electronics, Sept. 1957,
p. 396.
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Push-Pull Amplifiers

Single-ended push-pull output of a 10-watt audio amplifier directly feeds

voice coil of loudspeaker making output transformer unnecessary. First

preamplifying stage has positive feedback to the point of oscillation, while

the first amplifier and output stages have negative feedback. Stable circuit

has low distortion, flat response and a few deg phase shift over audio range

By J. RODRIGUES DE MIRANDA

Radio Apparatus Laboratory, Philips Incandescent Lamp Factories Ltd., Eindhoven, Netherlands

I-FI is taking root in Europe.

Much of the interest and en-
thusiasm of American audio fans
seems to be spreading among their
European cousins. And, although
the degree of hi-fi popularity still
lags behind that in the United
States, many European engineers
and electronics’ firms are doing sig-
nificant work in this field.

One development is a moderately
powered amplifier which works di-
rectly into the voice coil of a loud-
speaker and makes the output
transformer unnecessary. The di-
rect coupling between the power
stage and the loudspeaker trans-
forms the whole system into an R-C
coupled amplifier with no phase-
shifting elements other than the
coupling capacitors and parasitic
capacitances. Therefore, feedback
stability problems do not occur and
interesting and unusual circuits
are possible.

The complete power amplifier

!

FIG. 2—Approximate dimensions of the
double choke for screen-grid supplies

comprises a preamplifier, a phase
inverter and a single-ended push-
pull output stage to which the loud-
speaker with an 800-ohm voice coil
is coupled through a large electro-
lytic capacitor. The push-pull out-
put stage has low-voltage high-cur-

rent tubes that require a load

resistance of only 800 ohms.

Circuit Without Feedback

A simplified amplifier circuit
without feedback is shown in Fig.
1. Tube V, is the preamplifier. The
voltage developed across the plate
load resistor R, is applied through
capacitor C, and grid resistor R.
to the control grid of output tube
V.. The same voltage is also ap-
plied through C. to the control grid
of the phase inverter V.. The volt-
age across the plate resistor R. of
V, is applied through C, and re-
sistor R, to the control grid of the
output tube V..

Tubes V. and V, are connected
in a single-ended push-pull ar-
rangement so that they are con-
nected in series for d-¢c and in
parallel for a-c. The load current
flows from point P through capaci-
tor C, and the loudspeaker load R,
to ground.

B+ : ;
Q v, T SRy iz Rg R . Y T¥325v
. ‘) 230k $128X7 | 600K ! plild
— —-- PHASE | f(Cad 79 b {1 :
C ¢ B INVERTER | ‘0.
PHASE 0l 3o |y
Rq INVERTER Ry 47E#F 120K
Re ( MEG S Rg ﬁﬂ
33K
Vi
3 |
REAND | PREAMP\? _
R § Vy \m
I X %
0 5128X7 \E\ 2
VA~ "M\
R, IMEG | 580

FIG. 1—Circuit without feedback couples through capacitor Co
Tubes V; and V. are in parallel for d-c

to voice coil of speaker.
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FIG. 3-—Audio amplifier with feedback has 10-watt output and
uses basically the same comfiguration as given in Fig. I.
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Drive Speaker Directly

Special attention should be given
to the screen-grid current supply
of power tubes V. and V. The
screen grid must be at approxi-
mately plate d-c potential, but it
must also have cathode voltage for
a-c. The required d-c potential for
tube V., could have been obtained
from B+ through a voltage drop-
ping resistor, but because the
screen grid current increases with
increasing output, the available
screen-grid d-c¢ voltage would be un-
desirably low at maximum output.
On the other hand, the power-tube
screen-grids should not be con-
nected directly to their respective
plates because then the tubes would
operate as triodes.

In both cases a voltage reducing
resistor between plate and screen
grid would decrease the maximum
output. If the resistor were too
high, it would lower the d-¢ screen-
grid potential considerably and
especially so at maximum output.
If the resistor were too low it
would consume a considerable part
of the output power.

A workable compromise is ob-
tained by connecting the loud-
speaker between the B+ and the
screen grid of tube V., and feeding
the screen grid of tube V, through
a suitable resistor and bleeder. An
apparent disadvantage of this
method is that the loudspeaker car-
ries a high d-c¢ potential.

Choke Stepdown

Still another possibility is to in-
sert a choke between the screen
grid and plate of each tube. When
the two chokes are combined on a
single core, the d-c magnetizing
forces counterbalance and make
an air gap unnecessary. With a
relatively small core, an inductance
of 60 henrys can eusily be realized.
A dimensional diagram of the
choke is shown in Fig. 2.

Choke stepdown provides a hich
plate efficiency for the output stage.
Since each of the two halves of the
choke is in parallel with the load,
the output is decreased at low fre-
quencies. With an inductance of 60

ek

o, o O s =

I
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Young lady removes front piece to show amplifier within specker enclosure

Amplifier (left) and power supply (right) within loudspeaker enclosure

henrys the choke attenuates only
frequencies below 25 cps. Stray
capacitance is not important be-
cause the load impedance is only
800 ohms.

Grid-cathode a-c¢  vcoltages for
tubes V, and V, should be equal in
magnitude and 180 deg out of
phase. One difficulty inherent in the
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circuit of Fig. 1 is that the cathode
of tube V, is at full output a-¢ volt-
age v,. Thus, the a-c voltage applied
to the signal grid of V, with respect
to ground should be #, + », and
therefore larger than the output
signal.

The grid voltage of V. is obtained
from the plate of phase inverter
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FIG. 4—Amplifier has flat response over audio range FIG. 5—Power-frequency curve for one-percent distortion
b
V.. High voltage for V., in turn, is ‘ half that of a single tube because
. h T (G I TIT | .
obtained from the screen grid of . 09 E 1 ‘ TiT T| the tubes are in parallel to a-c.
V., through plate-load resistor R.. Eg-g T 1 L: Since a low load impedance is nec-
Screen grid of V, has a-c output EJo:e RN BN 1 1 essary for matching to the speaker,
voltage through capacitor Cs. With EO.S—I 1 i 1 tubes which deliver a relatively
this arrangement the plate signal Eg‘; T T i T T high plate current at a relatively
current of V, has to develop a volt- £, [% £ L0ty S 1[l[0,000 cPs low plate and screen-grid voltage
age across R, which is practically S [ L J, 1.—+ H /},LH are necessary. Two 6CWS5 tubes
equal to v, only. O % 5 0 2 5 10 2 5 0 were selected for the circuit of Fig.
POWER IN WATTS 3. they have a load impedance of
Circuit With Feedback FIG. 6—Distortion characteristics at only 800 ohms.

A circuit with positive feedback
in the preamplifier-phase-inverter
stage and overall negative feedback
from output to input is shown in
Fig. 3. The system has extremely
low distortion without much sacri-
fice in sensitivity. The single-ended
push-pull output stage is particu-
larly suitable because of the neg-
ligible amount of phase shift over
an extended frequency range. If
the positive-feedback value is al-
most sufficient to cause the com-
bination V, and V, to oscillate, the
amplification of the combination
tends to infinity. If then, because
of negative feedback, the output
signal of the complete amplifier has
a finite value, the negative feedback
resulting from the combination of
positive and negative feedback
must also tend to infinity. The
contribution of the output stage to
the distortion disappears com-
pletely, while the distortion caused
by the preamplifier phase inverter
with positive feedback equals the
distortion without positive feed-
back divided by the negative feed-
back factor. The negative feedback

three frequencies; 90 cps. 1.000 cps and
10,000 cps in range of interest

factor is calculated for the no posi-
tive feedback conditions. The
chosen amount of positive feedback
is sufficient to bring the first stage
near oscillation. Because of the
negative feedback, the amplifier is
completely stable, even if the pre-
amplifier stage starts oscillating
when negative feedback is removed.
In the circuit of Fig. 3 the posi-
tive feedback is obtained through
a common resistor R, of triodes V,
and V.. For the required negative
feedback, the hot end of R. connects
directly to the output through re-
sistor R, There is no phase shift-
ing element in either feedback loop.
If an output transformer had been
used and the negative feedback had
been taken from a secondary wind-
ing, it would have been extremely
difficult to keep the phase shift suf-
ficiently low to avoid oscillation.

Power Output Tubes

In a single-ended push-pull cir-
cuit the required load resistance is

The power tubes operate class A
with a maximum output power of
11 watt with one percent distortion.
The required input voltage for this
output is 0.6 v. The required plate
voltage is 325 v, the plate current
consumption is 75 ma.

The Loudspeaker

The loudspeaker is a standard
one whose voice coil is specially
wound with fine wire to provide a
400 to 800-ohm impedance. Precau-
tions were taken to obtain an en-
amel insulation of uniform thick-
ness since the insulation thickness
becomes of more importance when
wire of thinner copper diameter is

& a0
I I Ilu1 I
S 20 FHH !
a \‘ 1 |
£ 0 n |
te 5 =t S|
= i 1
& 28 1 .i |l A
DU 1 . I
;‘: BRI RN 1 |
o o o (o] o (=3
ol o o Q o
= S S S
= o o
- o
FREQUENCY IN CPS -
FIG. 7—Phase-shift characteristic of

amplifier shows little shift over audio
frequency range of interest

FIG. 8—Square-wave responses at 60 cps (A), 1,000 cps (B), 10,000 cps (C) and 20,000 cps [19)]
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Neat, compact circuitry appears under chassis of amplifier which
is compact enough to be mounted in speaker enclosure

used to wind the voice coil.

A frequency response curve
shown in Fig. 4 has a smooth re-
sponse with a gradual roll off both
at the low- and high-frequency end.
The 3 db points are at 3 cps and 100
ke. The power frequency curve of
Fig. 5 was measured for one-per-
cent distortion. Full output is still
available at 30 ¢ps and output is flat
to beyond 20 ke. Distortion was not
measured beyond audio range.

Harmonic distortion as a fune-
tion of output power at 90 cps,
1,000 cps and 10 ke is shown in Fig.
6. Although at 10 ke the distortion
at 10 watt reaches 0.4 percent, the
distortion at lower outputs is ex-
tremely low for all frequencies and
is reflected by the low intermodula-

tween output and input signals is
shown in Fig, 7 and confirms the
results of the frequency response
curve, Phase shift at 10 cps is 22
deg, at 100 ke is — 45 deg.
Square-wave responses at maxi-
mum outputs for 60 c¢ps, 1,000 cps,
10 ke and 20 ke appear in Fig. 8.
Here too, the smooth shupe, with-
out ringing or overshoot is appar-
ent.
primarily limited by the input
capacitor C,, the double choke and
by the loudspeaker coupling capaci-
tor. Increasing the values of the
capacitors would extend the fre-
quency range toward the lower end.
The higher frequency range is lim-
ited mainly by Miller effect and by
the input capacitince of the power

tion figures. The phase relation be- tubes. To compensate for this,
PHASE INVERTER 100K e
IK
vy
=& 50
=== H
PUSAHMgULL 100
—)
100 K

K:=X 1,000 =

FIG. 9—Doubling the number of output power tubes doubles power output to 20-watt
and halves loudspeaker impedance requirement
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The low frequency range is

Small double choke is mounted behind power tubes. The EL 86
tubes are European equivalents of 6CW5 power output tubes

capacitor C, which has a twofold
influence on the performance of the
amplifier is added in the circuit of
Fig. 3. It extends the frequency re-
sponse curve toward the higher end
and it decreases distortion at
higher frequencies. The optimum
values of C, for both purposes do
not coincide; therefore, a compro-
mise value has been chosen. A
larger value increases the fre-
quency range, but the distortion at
the high frequency end increases
too.

Prospective Applications

If the output is too low for
American hi-fi needs, it mav be
doubled by simply doubling the out-
put tubes. A separate cathode re-
sistor-capacitor assembly for each
pair of output tubes is recom-
mended, but only one double choke
is required as shown in Fig. 9.

Because the physical dimensions
of the amplifier are small, it is well
suited for assembly within the
loudspeaker enclosure. The result-
ing amplifier-loudspeaker unit has
0.6-v input for maximum acousti-
cal output.

Two of these speaker units make
an ideal stereo installation in com-
bination with a stereo tape deck or,
in the future, a stereo turntable to-
gether with an appropriate double
preamplifier. For single-channel
signals in which the inputs of the
two units are in parallel, interest-
ing pseudo stereo effects result.
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Unique combination of transistorized half- and full-adders, emitter followers,

output amplifiers and multiplier gates provides simultaneous binary addition

of digital inputs. Matrix-type switching gives high-speed full-adder opera-

tion at low voltage and power levels with only seven active logic elements. In-

put data is introduced by toggle switches; output is displayed by pilot lamps

By FREDERICK B. MAYNARD

Research Departiment,

Semiconductor Division,

Motorola, Inc, Phoenix, Arizona

Half-Adders Drive

ONVENTIONAL ASSEMBLIES of
Ccomponents to perform the
particular arithmetic functions of
binary addition generally take two
forms. One, called a translator, is
exemplified by the transistorized
circuit in the Philco Transacz'. The

grid-type electron tubes®. For both
forms, the minimum number of ac-
tive elements used in the logical
functions for a full-adder is twelve.
The transistorized computer dis-
cussed here is a novel form which
requires only seven active elements

other, called coincidence adder, is in each full-adder to perform bi-
primarily used with dual-control nary logic.
A

S OUTPUT T
| HALF AMP

s =W = R ——

ADDER C>

-
T HaLF ADBER |
¢ 1| aopER|C | L—— 181 [ouTPUT
j’ HALF [ || aMmP
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S OuUTPUT T
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MULT|PLICAT|ON
REGISTERS BA

; ADDER |C
Saf | B
BANK B

PARTIAL PRODUCT
ADDER BANKS

ADDER|C
OUTPUT| 1
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SUMMING OUTPUT

ADDER REGISTER
M=MULTIPLIER GATE S = SUMMATION
E=EMITTER FOLLOWER C:= CARRY

FIG. 1—Block diagram

of complete computer

showing functional relationships of

components to provide simultaneous operation
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Basic operating principle of the
binary adder revolves around the
matrix-type switching used to ac-
complish simultaneous computation.

Switching transistors of the
2N311 type are especially useful in
a matrix adder since they have
large current gain, low voltage
drop during conduction and excep-
tionally low inverse emitter satura-
tion current. Also fast rise and
fall times contribute to the speed
and reliability of the logic funec-
tions. Characteristics that make
this transistor useful are shown in
Table 1.

Computation Method

Simultaneous computation is not
as common as the serial type used
in modern large scale computers.
An advantage of the simultaneous
method is that an entire computa-
tion ean occur in essentially one
pulse time whereas with the serial
method, a single pulse time is re-
quired for each operation in the
computation. Hence, the simultane-
ous method is comparatively fast
even when individual components
are not in themselves fast.

Since the simultaneous method
requires a large number of com-
putational components, there is, at
present, no great interest in the
possibilities of the method. How-

1958 — ELECTRONICS engineering edition



Two half-adder components. Only three
of the five transistors used in a half-adder
are required to perform logical functions.
All computer components are assembled
on etched circuit boards and used as
modular building blocks

Model computer performs simultaneous
binary addition in 7usec. Only active circuit
elemenis used are 178 transistors

i SUAULTAC 1

J‘iw'“wm o SV
Qees

Fraost
P oeorot s

T eee 09

Simultaneous Computer

TABLE I—Switching Parameters

3 (commou Average—5s0
emitter) L
Womas ' Average—50 mv
Rise time ‘ Average—0.5 usec
Fall time Average—1.8 usec
leo (Ve=—15v) 60 pamp
Lo (Ver=—15v) | 60 wamp

ever, if a transistor or other device
can be developed which is suffi-
ciently reliable and cheap, the pos-
gibilities of the simultaneous
method will demand more thorough
exploration.

Operation

A model computer of the type dis-
cussed here has been built to
demonstrate a simultaneous compu-
tation of the general equation (A
X B) + (C X D) = S. The com-
plete unit, shown in block diagram
form in Fig. 1, consists of two
separate input registers and two
associated multiplying banks.
Each multiplying bank is connected
to its own partial product adder
bank. The partial sums are brought
together in the final summing adder
which terminates in the six-channel

binary indicating register.

Input register A has a capacity
of three binary multiplicand and
three binary multiplier digit chan-
nels with a multiplying capacity of
49. Register B has two binary
multiplicand and two binary multi-
plier channels with a multiplying
capacity of 9.

Multiplying bank A contains nine
multiplier gates. This number is
established by the multiplication
requirements. Since each multipli-
cand digit is multiplied by each
multiplier digit and since there are
three of each, nine multiplications
are required. It follows that bank
B containg four binary multiplier
gates.

Partial product adder bank A
contains nine matrix-type half-
adder units with associated drive
inverting amplifiers. The units are
interconnected to give three full-
adder and three half-adder compo-
nents. Adder bank B contains only
two half-adders.

Summed partial products from
both adder banks are brought to-
gether in the intermediate register
and fed into a final summing adder
bank containing two half and three
full-added units. The resulting bi-
nary signals are amplified in the
output register and displayed by
pilot lamps on the readout panel.
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A four-point matrix made of pnp
junction switching transistors is
shown in Fig. 2. The bases and
emitters are cross-connected in
matrix form. Input A can be
switched either to the bases of @,
or Q.. Input B can be switched be-
tween two alternate sets of emit-
ters. For any position of the input
switches, only one transistor is in
a conducting state.

Half-Adder

If the switch positions indicated
on Fig. 2 represent a ZERO-ZERO in-
put, Q. is conducting. If either S,
or S. is actuated, conduction is
established through either Q. or Q.
respectively. If both switches are
actuated, @, conducts.

A common output from the col-
lectors of @, and @, will be a sum
output because the input must be
either ZERO plus ONE or ONE plus
ZERO binary addition. Likewise, an
output from @, indicates a carry
since it represents an addition of
ONE plus ONE. Transistor @, serves
no function in binary addition be-
cause ZERO plus ZERO addition re-
quires only a ZERO output which is,
effectively, no output. Thus, three
transistors make up a complete
half-adder.

A full-adder, shown in Fig. 3,
is made by joining two half-adder
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Fig. 2—Four-point transistor matrix for
performing binary addition in half-adder

units together. One of the second
half-adder inputs, designated input
C, is exactly like input B since it
switches on the emitters in the
second matrix. The input inverting
amplifier of the second half-adder
serves as a switch between the base
input of the second half-adder and
sum output of the first half-adder.
Carry from the full-adder can de-
rive from either half section but
never both; therefore, it is suffi-
olent to join the two carry outputs
to make a full-adder carry output.

One of the novel features of this
adder is that no inhibitor signal is
required to repress an unwanted
sum signal. Other adders, especially
some electron-tube types, use com-
plicated designs to overcome the
problem.

Clean transfer of conduction
conditions, largely resulting from
the properties inherent in matrix
type of switching, makes the unit
described here a straightforward
adder. Saving in transistors is at-
tained since the purely logical
functions require seven transistors
to accomplish as much as the eleven
or more transistors used in other
circuit configurations.

Multiplier Gate

The multiplier gate, shown in
Fig. 44, is simply a coincidence
gate giving an output at C only
when both inputs A and B are ac-
tivated. This design takes cogniz-
ance of the binary multiplication
rule that a product of ONE is ob-
tained only when the multiplier and
multiplicand digits are ONE.

Emitter - follower noninverting
amplifiers, shown in Fig. 4B, are
used at some points to improve the
switching characteristics of the
longer carry paths. Each final bi-
nary channel is terminated in an
output amplifier, shown in Fig. 4C,
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which renders the binary output
visible by illuminating pilot lamps.

Toggle switches are used for
manually inserting numerical in-
puts. When a problem is put into
the computer, the response appears
instantaneous to the operator. If a
sufficiently fast method were avail-
able to introduce input informa-
tion, about 100,000 computations
per second could be made.

A total of 178 transistors is re-
quired to operate the computer.
Multipliers, adders and inverters
use 166; 12 are amplifiers.

Operating Characteristics

A fast, 1.5-volt pulse of suitable
polarity was applied to the full-
adder stage shown in Fig. 3. The
time delay measured from its lead-

delay results from accumulated de-
lay times of carries which have to
chain across the system. For this
reason, the final output pulses are
delayed by varying amounts de-
pending on the type of computation.
Improved computational speed can
be obtained by using different cir-
cuit constants.

All transistors are operated at
saturation when conducting or cut-
off when nonconducting; therefore,
the signal levels throughout the
whole system are virtually equal to
the supply voltage. Exclusive of
output amplifiers, the system oper-
ates from a single 1.5-volt flashlight
battery and has a maximum cur-
rent drain of 120 milliamperes
Average power dissipation for each
transistor is a little over one mw.

i CARRY
OUTPUT
IK
1K : +— 1.5V
2N31) ’
INPUT A élK
ol 2N3i1 2N3i B
¥ 1K SUM
& e OUTPUT
en3li 2N3I
INPUT B
2N31} = "
i 2N3
= 1K 1K
INPUT € K=X1,000

FIG. 3-—Full-adder schematic. Push-pull inverting amplifiers replace switches S, and S
shown in Fig. 2 to provide completely automatic operation
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FIG. 4—Computer contains 13 multiplier qates (A), 4 emitter-follower amplifiers (B) and
6 output registers (C) all of which use the same basis transistor type

ing edge to the leading edge of the
output was 0.2 usec on the carry
and 0.35 usec on the sum.
Measurements made on the com-
plete computer indicated that the
average arrival time of the leading
edges of the output pulses varied
between 5 and 7 usec. Most of the

All transistors used in this com-
puter are presently being replaced
by production 2N426 transistors.
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FIG. 1—Improvement in thermal drift brought about by diode compensation (A) is
evidenced by drift characteristic of 2N290 transistor alone (B} and with GEXS$41
diode connected across emitter-base junction (C)

FIG. 2-—Conventional (A) and compensated class-B push-pull

amplifier (B}
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Diode Cuts Transistor
Cutoif-Current Drift

Amplified thermal I, variations in grounded-emitter amplifiers can be com-

pensated by connecting diode, having similar collector-base junction satura-

tion-current characteristics, across transistor’s base-emitter junction

By HENRI H. HOGE Chief Engineer, Advanced Research Associates, Inc., Kensington, Md.

SE OF RESISTORS to compensate
U a transistor d-c¢c amplifier’s
drift current simply restricts the
transistor’s operating range, leav-
ing the drift current still present
and uncompensated. The compen-
sation method to be described does
not include any linear elements to
restrict the transistor’s dynamic
range. It has effected negligible
drift when incorporated in 10 to
20-w amplifiers.

In the common-emitter configu-
ration, collector-current drift is a
result of the variations of the I.,,
flowing through the emitter-base
junction, being amplified by a fac-
tor of beta. Figure 1 illustrates the
way in which a diode can be con-
nected across the transistor emit-
ter-base junction to compensate
for the amplified leakage current.
The diode must have a junction
arear whose saturation-current
characteristic is similar to that of

the transistor’s collector-base junc-
tion. Also the diode must be located
as near to the transistor as possible
so they will both be at the same
operating temperature (transistors
have been constructed with the
diode in the same housing).

Push-Pull Circuits

When transistors with this com-
pensation are used in push-pull
class-B amplifiers, the unbalance or
drift is approximately equal to the
difference between the I.,, of the
two halves of the circuit. Compen-
sated transistors of this type should
be fed from a current source, with
the attendent advantage that the
base-emitter potentials need only
be high enough to allow the neces-
sary current to be fed through the
base-emitter diode. In this way
the additional capacitance of the
diodes does not greatly affect the
alpha-cutoff frequency.

ELECTRONICS engineering edition — July 18, 1958

In the conventional class-B trans-
former-coupled amplifier shown in
Fig. 2A divider R,R. reduces the
overall efficiency of the stage and
also necessitates the addition of
C, to reduce the effects of E,. The
transistors in this circuit are driven
from a voltage source which means
that the off transistor is back-
biased. This back-biasing not only
sweeps all the carriers from the
base region but also causes I,., to
flow. This of course has to be
made up on the next change of
polarity before transistor action
can occur, manifesting itself as
crossover distortion.

The circuit in Fig. 2B uses the
compensated transistors fed by a
current source. The off transistor
is back-biased only by the forward
drop of the compensating diode.
Crossover distortion is reduced,
the resistors and capacitor can be
eliminated increasing efficiency.
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TUBE NOISE FACTOR NF IN DB
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FIG. 1—Resultant is read at top of scale. Vertical curves represent various values of overall noise, while diagonals are
references for K, a constant equal to the quantity (NF. -1)/G

Tube Noise Factor Chart

When second-stage noise factor, first-stage gain and overall noise factor of

radar and similar uhf equipment are known, the tube noise factor may be

determined directly in db, without intermediate conversion to power ratios

By LUCIEN P. A. DeBACKER, Electron Tube Division, Radio Corporation of America, Harrison, N. .J.

XACT VALUES of tube noisc fac-

tor are often required for the
evaluation of radar receivers or
other uhf equipment. Calculations
mvolving conversions to and from
powcr ratios are time consuming.
Tube noise factor NI', = NF —
(NF. — 1)/G, where NF, is the
tube noise factor, NI, is the noise
factor of the sccond stage (such as
crystal noisc), G is the gain of the
first stage and NI7 is the overall
noise factor of the svstem corrected

for cablc losses and transit time.
The known quantitics arc us-
ually stated in decibels, converted
to power ratios and substituted
in the formula to calculate NI,
which is then converted back into
decibels. The graph of Fig. 1 al-
lows the calculations to be per-
formed in two steps without con-
verting recorded  decibel readings.
To use the chart locate NI,
on the left-hand scale and G
across the bottom scale. The in-

tersection of  perpendicular  lines
from these two points determines
the location of a diagonal line along
which the quantity (NF.—1)/G
is a constant K. Follow this line
and locate its mtersection with the
curve for NF. Tube noisc factor
NI, is given directlv above this in-
tersection on the top scale. An ex-
ample is shown in which G = 16
db, NF. = 14 db and NF = 9 db.
Then NF, is read on the top scale
as 8.65 db.
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D-SUB-MINIATURES:
PRINTED CIRCUIT PIN AND
SOCKET INSERTS (RIGHT)

DC-37P-1
NEW PRINTED CIRCUIT i/

SUB-MINIATURE CONNECTORS BY

DC-375-1

| L = 27
;—;_ - pqteos ! 64 M
i
== — A ——— = | l [} __5-
¥ 'H_ -!! ?2‘7;,“ T6 MAX
104 R(TYP) PINS ; 84l | '
T tag ~~ 085R(TYP) SOCKETS 7)@] | —
\/L T 1 l ' D Sub-Miniature plugs and sockets with
C . . . . .
front T N printed circuit pin and socket inserts are
(TYP) A L gag to03 now available as listed for immediate
] k—*—\ 3 delivery.
IL-——D————' —dos(myRy side 3
: ’
L R(TYP 10° |/ i ) ) )
& (\ : [ ? (TYP)!/ More than thirty years experience in the design and

manufacture of standard electronic components in-
sure Cannon Connectors by CINCH to be of the
highest quality materials, fabricated to specifica-
: tions to maintain consistent quality of product; high-
[ F—f T est standards throughout all operations.

CONDENSED DATA

ME TAB
L NSION SHELL MATERIAL — Steel with cadmium plate finish

SIZE A B o D E F L =3 S CONTACT MATERIAL — Copper alloy with gold over silver plate
INSULATION MATERIAL — nylen or Diallyl-phthalate
DE- 9P-1 usyen | 27/6s | 23/64 | .216 | .162 49/6u | 1-13/64 63/6u | 31/6u
DE-9S1 1 wisenw | 27/6n | /a6 | .216 | c162 | wosen | 1-13s6n | 63/6n | 31/6n POLARIZATION — keystone shell shape
DA-15p-) | 1~ 1/64 [ 27768 | 23/6u | .378 | .324 1-3/32 | 1-17/32 1-5/16131/64 CURRENT RATING — 5 amperes
DA 1551 il A _ _ : :
18§ 31/32 | 27/64 _r_5/16 -378 | 320 | 1-3/32 | 1-17/32 1-5/16 | 31/6u SIRERS 1 ZE — /20 AWG
pe2spp | L-9/16 | 27/64 | 23/64 | .652 | .598 - 5/8 | 2-5/6u 1-55/6u | 31/64
DB25S1 | 1-33/6u | 27/6u 5/16 | .652 | .598 [ 1 - 5/8 | 2-5/64 | 1-85/6u|31/68 NUMBER OF CONTACTS — 9,15, 25,37, or 50
DC-37P-1 2-13/64 27/64 | 23/6% .978 | .92u 2-9/32 | 2-23/32 2~ 1/2]31/64 VOLTAGE — D’s will withstand a test voltage

DC-378-1 | 2-11/6u | 27/6u s/16 | .978 | .920 | 2-9/32 | 2-23/32 2~ 1/2]31/61

SR

DO-sgpy | 2~ 7/64 17/32%15/32 933 | .879 | 2-11/64 | 2 - 5/8 2-13/34) 39/64
00-508-1 | 2-5/64 17/32 | 27/6u .933 .870 | 2-11/64 | 2 - S/8 2-13/32 | 39/64

(60cps ac rms) of 1300 volts and
show no evidence of breakdown.

The test voltage is applied for a
period of 1 minute between the
contacts and between the con-
Manufactured by Agreement with e and the shell.
Cannon Electric Company

Centrally located plants at
Chicago, lllinois; Shelby-
ville, Indiana; LaPuente,
California; St. Louis, Missouri.

CINCcH MANUFACTURING CORPORATION
1026 South Homan Ave., Chicago 24, llinois

Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass.

CIRCLE 55 READERS SERVICE CARD



one voltage may cause extensive
damage.

The most common methods of
cireuit protection in complex digital
computers are indicator or signal-
ing fuses, resettable indicating
fuses and circuit breakers. Cireuit
breakers are relatively expensive
and seldom rated for high d-c volt-
age. Fuses protect the circuits but
occasionally fail as indicators.
These occasional failures could re-
sult in considerable down time in
a large computing system.

The Burroughs 220 medium-to-
large digital computing system
uses ferromagnetic core memory
of up to 10,000 computer words,
central processor, control console
and various electronic and electro-
mechanical input-output units. In
all, the system requires 25 sepa-
rately regulated voltages supplying
12 cabinets which enclose a total
of 17 load centers. A maximum Sys-
tem requires 32 kw of d-c power.
D-c power for each component,
data processor, memory, tape unit
and Cardatron, is switched on or
off separately. By using this build-
ing block principle, any component
may be switched off without affect-

CONTROLLED
o CIRCUIT
CRy A CR,
i CR CR
60V 400 CPS 2 !
VY Y
VY Y YV Y
360V
39K
AAA
YN Y Y Y YV
AN
YV YYYYY Y Y.
250V 27K
A
Y Y Y Y Y Y YY Y
220V
2.2K
+ 22 A%
fWVWW\{V\—'
—_— —J
5v @
ANV

FIG. 1—Basic magnetic-amplifier circuit
uses bridge unbalance to operate con-
trol relay

88
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FIG. 2—Using another bridge makes
protection circuit more sensitive

ing the rest of the system.

The circuit protection system re-
quired for the 220 should be cap-
able of clearing faults on positive
and negative d-¢ buses without
causing damage to other sections
of the equipment. It should oper-
ate rapidly and reliably without
maintenance and at a low initial
and recurring cost.

Protection Circuit

Circuit protection at the load
centers is accomplished by sensing
devices that determine if any fuses
are open. If any of the possibly 300
fuses are open, the d-c voltages to
that equipment are turned off.

Sensing open fuses is accom-
plished by placing one of 15 con-
trol windings of a series-connected
magnetic amplifier across each fuse
with an appropriate current-limit-
ing resistor in series with each
winding. The schematic of the en-
tire circuit is shown in Fig. 1 with
only representative control wind-
ings shown for clarity.

If a fuse opens, the voltage drop
across the fuse forces current
through the control winding caus-
ing the magnetic amplifier to satu-
rate. With the magnetic amplifier
saturated, a voltage 1is applied
across the bridge formed by CR,
CR., CR. and CR,. Output from the
bridge operates relay K,., When ac-
tivated, K, opens the relays and
contactors that switch d-c power

to the affected piece of equipment.

Breadboard operation revealed
that the sensitivity of the circuit
could be increased by the modifica-
tion shown in Fig. 2. Output of a
second bridge formed by CR,, CR.,
CR; and CR: is balanced against the
output of the first bridge by adjust-
ing R.. This makes it possible to
compensate differences in magnetic
amplifiers and resistors and also
allows the use of more sensitive re-
lays.

Circuit Characteristics

Since speed and size are impor-
tant, the magnetic amplifier was
made to operate at the available
400 cps. Although a self-saturating

-~ S
3
& \\\\\ _J_
Zz 4 ~ PICK
=
w 3
3
= ~
DROP
E 2 R— _——
&
>
o
-
o |
=
z
(=3
=
0 20 40 60 80 100
400-CYCLE INPUT VOLTAGE

(A)

4 /
e
_4 DROP

CONTROL CURRENT {ONE WINDING) (MA)

0 20 40 60 80 100
400-CYCLE INPUT VOLTAGE
(B)

FIG. 3—Plot shows characteristics with
relay current balanced to zero by R,
for diffferent values of input wvoltage
(A) and balanced to zero for 60-volt in-
put (B)

type magnetic amplifier would
make the unit more sensitive, it
would also be sensitive to the direc-
tion of the control current, which
in many cases would be unpredict-
able.

Circuit sensitivity is shown in
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Any way you look at ...

Yes, any way you look at the B-58,
America’s first and only bomber capable of
sustained supersonic speeds, you see an
aerodynamically-advanced configuration.
From the tips of its conical cambered wings
to the tail of its trim, area rule fuselage . . .
the B-58 reflects the alert, imaginative think-
ing of engineers at Convair-Fort Worth.

Throughout the design stages of the B-58
...and in the conception of every one of
the more than half-a-hundred Air Force
projects now on hand...one major con-

sideration is Growth Potential ... the
weapon must fly even faster, farther, safer
tomorrow than it does today!

Growth potential of a weapons system re-
sults directly from growth potential for the
individual engineer. If professional growth
is a condition of your career plans, send a
confidential resume of your training and ex-
perience for consideration by engineers in
the arca most suited to your qualifications.
For personalized handling address your in-
quiry to P. O. Box 748E.

CONVAIR FORT WORTH

FORT WORTH, TEXAS

CONVAIR I'S A DIVISION OF GENERAL DYNAMICS CORPORATION

ELECTRONICS engineering edition — July 18, 1958
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SILVER-MICA

SMALL SIZE - HIGH FREQUENCY

ERIE Type 370 Button Silver-Mica
Capacitors were introduced in 1941,
the first of their type in the elec.
tronic industry. These high fre-
quency capacitors still lead the field
in popularity, due to their extremely
small size, minimum circuit induc-
tance, and stability. The compact
design permits current to fan out in

a 360° pattern from the center
terminal.
The “370,” which has an outside

diameter of only .447'', is available
in eight standard styles with various
mounting and terminal arrange-
ments for soldered or screw attach-
ment. Type 370 Button Micas come
in capacity ranges from 15 MMF up
to and including 2,400 MMF.

ERIE’s Engineering Department
has developed a complete line of
Button Bracket Assemblies. A
typical five-unit bracket occupies an
area of less than one-half square
inch, saving valuable chassis space.

ERIE Button Silver-Mica Ca-
‘pacitors are still the world’s best for
VHF and UHF applications and for
‘cornmercial equipment, where prop-
erties of the mica dielectric and the
design features exceed performance
of other types of capacitors. Stand-
ard ERIE Button Micas exceed
the requirements of characteristics
B and D MIL C-10950-B,

Write for Bulletins 318-1 and 320,

Style 370FA

Style 370FE

Style 370CA

P
e
‘Style 370CB

Style 370FF

Style 370CH

Style
2835-01

Style 2845
Style 2846

I E/%é&m@ Diirtscory

- ERIE RESISTOR CORPORATION
MAIN OFFICES: ERIE. PA
FACTORIES: ERIE, PA. < HOLLY SPRINGS. MISS. - TRENTON, ONTARIO, (ANADA
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Fig. 3. In Fig. 3A, the circuit was
balanced with R, at different levels
of input voltage. For this partic-
ular design, maximum sensitivity
was obtained at 80 volts. This also
shows that the circuit is not sensi-
tive to the voltage which is applied.
Fig. 3B shows the circuit in
balance at 60 volts. The control
current required through one con-
trol winding to operate the relay
is recorded for different input volt-
ages. In this case, the sensitivity
is inversely proportional to the in-
put voltage. This was not con-
sidered a disadvantage, however,
since the input voltage, once set,
was regulated within one percent.
Fig. 4 shows response time of
the circuit including the relay. This
reaction time is very rapid com-
pared to the time required for a
fuse to blow under moderate over-
loads of 300 to 500 percent.
Actual operation of this detec-
tion system has disclosed several
welcome features that were not

90
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20 ~

0 10 20 30 40
STEADY-STATE CONTROL CURRENT (MA)

FIG. 4—Response-time data was taken
with 1,000 ohms in series with control
winding and 150 ohms shunting one
other control winding. Results are al-
most identical with 3,900 ohms series
resistance
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PsB MICRO-MINIATURE RELAYS LEAD IN

per

SHOCK: 100g* VIBRATION: 30g to 2000 cps*

*NO CONTACT OPENING

New P&B crystal-case size relays,
the SC and the SL (magnetic latch-
ing), show amazing shock and vibra-
tion capabilities. They absorb shocks
of 100g and vibrations 30g to 2000
cps. without contact openings!

A highly efficient magnetic struc-
ture utilizing a permanent magnet
makes possible at least twice the con-
tact pressure found in DPDT relays
of comparable size. One watt of power
for three milliseconds operates either
relay. Transfer time is unusually fast
«(0.5 milliseconds maximum.

For more information, contact your
P&B sales engineer, or write Potter
& Brumfield, Princeton, Indiana.

POTTER

PRINCETON, INDIANA -

e e e SRS i s

e S e s e A 4

X e—s]

[:_‘ £ m’.

[T

‘-—— 795 MAX, ——l
T

WA

SL—dual coil latching relay. Operates on o 1
watt, 3 ms. pulse at naminal valtage, Permanent
magnet latch lacks the armature in either position.
SC—nan-latching relay with series-cannected
dual cails. Operates an appraximately 1 watt ot
nominal valtage. Coils must remain energized to
hald the armature in the operate pasitian.

SC and SL Series Engineering Data
GENERAL:

Insvlation Resistance: 10,000 megohms, min,
Breakdown Voltage: 1,000 V. RMS.

Shock: 100g.

Vibration: 30g 55 to 2000 cps.; 0.195" max.
excursions from 10-55 cps.

Temperature Range: —65° C. to + 125° C,

Weight: 15 grams without mounting bracket.

Operate Time: 3 MS. max. with $50 ohm coil
@ 24 V. DC. (SL: 630 ohm coil ot 24 V. DC).

Transfer Time: 0.5 MS max.

Terminals: (1) Plug-in for microminioture
receptacle of printed circuit board.
{2) Hook end solder for 2 #24 AWG wires.
[3) 3” flexible leads.

Enclosure: Hermetically sealed.

CONTACTS:

Arrangement: 2 Form C.

Material: Gold flashed palladium.

Load: 2 amps @ 28 V. DC, resistive; 1 amp
@ 115 V. 60 cycles AC, resistive.

Prassure: SC—16 grams min,; SL—20 grams min.

COIL:

Power: Approx. 1.0 watt at Nominal Voltage,

Resistance: SL—40 ta 1400 ohms; SC—35
to 1250 ohms.

Duty: Continuous.

MODUNTINGS:
Brocket, stud and plug-in,

PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

& BRUMFIELD NG,

SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY
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LOW-NOISE CHOPPERS

for null-seeking servos and instru-
ment amplifiers hold wide-band
noise in the low microvolt range:
This unusually low level is achieved
by chopper construction, Even lower
levels can be obtained in narrow-
band applications by filtering.

Low-Noise Choppers

—from Airpax!

Airpax choppers Types 2400 (60-CPS) and
2300 (400-CPS) are specifically designed

for use in low-level modulators. In most cases

it is below the instrument background noise.

Assembled and installed in digital com-
puter, magnetic-amplifier circuit re-
moves d-¢c voltage to unit in which a
fuse is open

anticipated. On several occasions,
the magnetic amplifier has sensed
an overload and turned the d-¢ volt-
ages off before the fuse could actu-
ally clear the condition. Once the
magnetic amplifier had even de-
tected high-resistance fuses by
turning the data-processor system
off.

Transistor Preamp
Has Very Low Noise

By RENE N. FOSS

Electrical Engineer, Applied Physics
Lah., U. of Washington, Seattle, Wash
BROADBAND ultrasonic preamplifiers
were required for use with hydro-
phones at locations many miles
away. A gain of approximately 35
db at about 250 ke was needed with
an extremely low noise figure
(within 1 db of thermal).

An added requirement for the
amplifier was that power to operate
it (8 to 20 ma d-c) be fed down
the same RG/8 coaxial cable used
to transmit the signal. Thus it was
not necessary to lay any additional
wires or cable to the hydrophone
site.

One of the difficulties encount-
ered in designing these preampli-
flers was obtaining transistors with
sufficiently low noise figures. No
data was available from manufac-
turers concerning the noise level of
their transistors in this frequency
region. Data for 1,000 cps was of
no value.

The 2N123 transistor was found
to have extremely low noise at
these frequencies. Several hundred
of these transistors have been used,
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GA
STACKPOLE

GRID

CONVENIENT CIRCUIT COUPLING
antd BYPASSING ... with the

simplest, most inexpensive
capacitor design yet produced

Pioneered by Stackpole, these sturdy little only 0.330” to 0.170” in length, Stackpole GA
units make ideal low-cost coupling, bypass Capacitors have adequate stability and T.C.
and neutralizing capacitors for TV, radio and characteristics for a host of TV, radio and mili-

military electronic equipment. tary electronic equipment uses.
Insulated bodies, dielectrics and electrodes
are integrally molded for maximum stability Electronic Components Division
and durability. Securely anchored leads are STACKPOLE CARBON COMPANY
treated for easy soldering. Ranging in size from St. Marys, Pennsylvania

46 E.l.A.
“preferred’ values

0.10 TO 10.0 ppuf

[y L
5%, 10% or 20% tolerances. & 2 FIXED COMPOSITION

Standard 3- or 4-band color code. c )
'APACITORS

Coldite 70+® fixed composition resistors . Snap and Slide Switches . Ceramag® ferromagnetic cores . Variable composition
resistors ] Ceramagnet® ceramic magnets ] Fixed composition capacitors ] lron cores . Brushes for all rotating electrical
equipment . Electrical contacts ] Hundreds of related carbon, graphite and metal powder products.

ELECTRONICS engineering edition — July 18, 1958 CIRCLE 61 READERS SERVICE CARD



Available From Stock!
. Additional New Feafures.

Moderately Priced!
ERA’'s TRARNSISTORIZED

REGULATED POWER SUPPLIES

rs Ratings
up to 12 Amps!

SPECIFICATIONS

Models listed are designed for
105-125 VAC input, 60-400 cps.
Continuously adjustable output.
Line regulation is within +0.5%.
Load regulation is within +0.5%.
Frequency response of regulator
extends into high audio frequen-
cies. Ripple less than 0.05% or
5 mv. Current limiter control on
front panel for full overload and
circuit protection. Units are for
bench or standard 19" rack

IDEAL FOR:

e Battery Substitution
e Computers
e Transistor Bias
e Motor and Relay Control
o Television
e All High Current
Laboratory and Industrial

o Constant Current Overload
Limit Control

Instant Warm-up Time
Moderately Priced

mounting.
Applications
FEATURES
e Continuously Variable e Positive or Negative
Output Outputs Ungrounded
e Vernier Voltage Control e Terminals On Front
e Fast Transient Response and Rear
e Low Output Ripple e Hinged Panel For Full
e Positive, Negative, Zero % Accessibility
Regulation Control e High Efficiency
o Line Frequency Insensitive e Low Heat Dissipation
e Remote Sensing o Compact, Light Weight
[ ]
®

TYPICAL STOCK MODELS

" Model . Voltage " Current Output DC Price
Number vDC Amps. R (ohms) FOB Factory
~ TR32-4 432 T 0-4 ~0.01 $375.00
TR32-8 432 0-8 B 0.006 $410.00

TR32-12 32 012 0.002 3495.00

Additional stock models also available.
Special designs also made to customers specifications. Write for quotation.

Pioneers in Semi-Conductor and Transistorized Products.

First Transistor Application Power Supplies,
First Constant Current Generators.

First ngh Current Semi-Conductor Regulated Supplies.
First “E’’ Core Transistorized Converters/Inverters.

First High Power Semi-Conductor Frequency Changers.

Manufactured at ERA’s New and Larger Facilities
{

Electronic Research

First Miniaturized Power Packs.
First Transistorized Power: Supplies.
First Automatic Transistor Test Equipment.
First Dual Output Tubeless Supplies.
First Packaged Transistor Circuits,

Associates, Inc.
67 Factory Place, Cedar Grove, N. J.

CEnter. 9-3000
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FIG. 1—Two-transistor ulirasonic pre-
amplifier provides 35 db gain at 250 ke
with very low noise

and well over 95 percent have been
found to have excellent noise char-
acteristics.

A schematic of the preamplifier
is shown in Fig. 1. Actual maxi-
mum gain of the very broadband
amplifier occurs at about 50 ke; at
250 ke, gain is about 35 db. The
input transformer presents the
base of the first transistor with an
input impedance of 1,500 ohms, pvo-
viding the transistor with a good
input impedance with regard to
noise. Output impedance of the am-
plifier is 50 ohms, so it can feed

Tv Camera Preamp
Uses Transistors

Transistors, used in the preamplifier of

this new GE monochrome tv studio
camera, are expected to reduce micro-
phonics., High-pitched voices or sound
waves tend to vibrate tube elements,
producing annoying wavy lines on tv
screen
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new
needs no phase-shift
circurt!

7
Fi N =N / rF~x ~

e 4 hwrd Ry |

SPECIFICATIONS

Inherent in every device of the vibrating recd type are two phase-lags—
Coil: Current, 25 ma; impedance, . . ‘
190 ohms; resistance, 160 ohms. an electrical phase angle resulting from the current
Contacts: Dwell time, 150-160°; lagging the applied voltage in the drive coil, and a mechanical
I':s';"ﬁ;clogog'mzmi::;mkes"'°"°e' angle due to the inertia of mass in the moving reed, lagging
Phase Change: = 10° At con- further behind flux from the driving current.
stant 400 cps under all conditions In OAK’s new Type 605 Chopper, these two lags have heen carefully
e G e brought to a total of 180°. Thus, the chopper can be so wired to be
Noise: Less than .5 millivolt RMS Iv 180° f vh d ° 3 h Thi
into 1 meg. exactly 180° out of phase, or reversed to be 360° out (in phase). This
Vibration: 10-55 cps. design eliminates the R-C circuit ordinarily needed to bring this
Weight: less than 1 oz; dia. coincidence of voltage and output phase—saving circuitry, parts, and weight.

11-16".
Helght: Seated, 15",

Shown at the left is the new chopper with
side mount. Also available with flattened
and pierced pins, solder loops, or as a
vertical flange mount unit,

Dept. G, 1260 Clybourn Ave., Chicage 10, lllinois
Phone: MOhawk 4-2222

Switches o Rotary Solenoids e Special Assemblies ¢ Choppers ¢ Vibrators
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Use =
these }
new

Beckman I
size 8's
to
design
subminiature i,,.‘
systems . \

]

<L

N

44341

Are you trying to design subminiature
systems with oversize components?
Here are seven dwarfs—a full line of size
8 servomotors—that do the work of 10’s!
Look at this storybook performance:

...torque and acceleration measure
up to or surpass the best size 10’s!

...seven models, three for operation at
115 volts, four at 26 volts!

...continuous operation at stall, both
windings fully excited, to ambients of
130°C; total unit temperature to 200°C! ’

...stainless steel case, shaft and

bearings; windings encapsulated for

environmental protection —shock |

to 100G’s, 30G’s vibration to 2,000

cycles, exceeding MIL-E-5272A specs! ‘
|
!

The secret? A new design, new
laminations —and craftsmanship

(a real secret, these days). Delivery ?
Thirty days or less.

We'll be happy to send you all details
in Data File B73.

BECKMAN SIZE 8
2-PHASE AC SERVOMOTORS

(no-load speed 6,000 rpm)

26-volt models Rotor Acceleration
(torque at stall .25 oz. in., Weight Length Inertia at Stall
power input 2.3 watts) oz, in. gm. cm.? rad/sec?
8 SM 420 servomotor 11 .840 b1 170,000
8 MG 420/410
servomotor-rate generator 19 1.350 .16 110,000
8 VM 420
velocity-damped servomotor 1.9 1.395 .24 73,000
8 IM 420
inertia-damped servomotor 2.0 1.355 24 73,500
115-volt models |
(torque at stall .33 oz. in.,
power input 2.9 watts)
8 SM 460 servomotor 1.6 1.165 g2 115,000
8 VM 460
velocity-damped servomotor 24 1.720 34 68,000
8 IM 460 I
inertia-damped servomotor 25 1.680 .34 68,500 {
Helipot Corporation
Newport Beach, California
a division of
Beckman Instruments, Inc.
' iy PR ®
Canadian Factory: ﬁeck- nan .
No. 3 Six Points Road Hel ] pOt
Toronto 18, Ontario
Sales Representative:
R-O-R Associates, Ltd.
1470 Don Mills Road potentiometers . . . dials . . . delay lines . . . expanded scale
Don Mills, Ontario meters . . . rotating components . . . breadboard paris

96 CIRCLE 64 READERS SERVICE CARD

any ilength of 50-ohm cable.

The capacitor in the line blocks
from the output stage the direct
current being fed down the line for
preamplifier power. The reactance
of this capacitor had to be low at
the operating frequency (250 ke).
A Zener diode establishes operat-
ing voltage for the amplifier.

Other two-transistor broadband
designs were made with 2N123
transistors (using transformer
coupling between stages) having
gains in excess of 60 db at 250 kc.
However, they require neutraliza-
tion and in general take many
more parts. The circuit shown is
thus appealing because of its rela-
tive simplicity.

Noise Charts
Aid Engineers

COMMUNICATIONS engineers are ex-
pected to get an assist from charts
of radio noise levels from cosmic
sources. The charts enable the user
to determine the level of interfer-
ence for a particular location at
various hours of the day and for
any day of the vear.

The charts, developed by D. H.
Menzel, director of Harvard College
Observatory, include methods for
conversion to other frequencies and
bandwidths.

Detailed analysis of available
noise survevs were the basis of the
charts. They are broken into two
parts—one for the northern and
another for the southern hemis-
phere. Transparent overlays that
can be rotated are used to deter-
mine actual conditions for a given
time and location.

British Tv Link
To Use Twt's

THREE REPEATER stations will be
placed in operation in England
early in 1959. The 115-mile link
will improve tv coverage by BBC
in East Anglia.

The system, being installed by
Marconi Wireless Telegraph, will
use all travelling-wave tube techni-
ques. It will handle 405 or 625-line
signals. Color transmissions can
be made without modification on
either type of signal.
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G-ERT

V is an easily applied potting and

i

T

encapsulating material. Tough, heat-resistant. resilient. it does naot shrinlk or form voids during cure,

New RTYV silicone rubber from G. E.

CURES WITHOUT HEAT « LOW VISCOSITY ¢ SOLVENT-FREE « NO VOIDS OR SHRINKAGE

/) GENERAL

cenenaL @ erscTme

CURES WITHOUT HEAT G.E.x RTV (room tempera-
ture vuleanizing) silicone rubber cures at room
temperature in any time you select up to 18 hours.
1t comes in a wider viscosity range than any similar
compound——from 250 poises (pourable) to 15.000
poises  (spreadable). Easily applied by pouring.
dipping. spreading or with a pressure gun.

WON'T SHRINK, VOID-FREE RTV compounds are
100¢% solids (no solvents). They cure without
shrinkage: form no voids; provide resilient. shock-
absorbent protection against physical damage or
moist and corrosive atmospheres. Tensile and tear
strength exceed those of previeusly available mate-
rials and are retained after prolonged heat aging.

RESISTS HEAT ABOVE 300°C General Electric RTV

Silicone Products Dept.

ELECTRONICS engineering edition — July 18, 1958

cilicone rubber keeps it~ high diclectrie strength
at temperatures above 300" C. Tt has the well-known
praperties of silicone rubber. such as ahility to with-
<tand moisture. weathering. ozone. corona, oxidation
and exposure to fuel< and =olvents.

IDEAL FOR POTTING AND ENCAPSULATING Ceneral
Llectric RTV compounds flow eu-ily into and around
complex shapes. They are ideal for potting and en-
capsulating. Other uses include caulking and ~eal-
ing in hard-to-reach places. performing “an-the-spot”
rubber repairs. model making and molding in low-
cost plastic tooling.

For complete application data, check Reader Service
Card. If you'd like a sample for evaluation, drop us
a note telling us about your proposed application.

€3 ELECTRIC

Waterford, N, Y.

CIRCLE 145 READERS SERVICE CARD

96A



Advanced missile and space projects
require imgineers

and Scientists to work on

THE FRONTIERS OF SPACE

Lockheed Missile Systems Division, recently honored at the first National
Missile Industry Conference as “the organization that contributed most
in the past year to the development of the art of missiles and astronautics.’
holds such important, long-term projects as the Navy Polaris IRBM,
Earth Satellite, Kingfisher (Q-5) target missile for the Army and the X-7
ramjet test vehicle for the Air Force.

To carry out such complex projects, the frontiers of technology in all
areas must be expanded. High-level engineers and scientists are needed
now for responsible positions in our Research and Development labora-
tories and in our project organizations.

If you are experienced in physics; mathematics; chemistry or one of
the engineering sciences, your inquiry is invited. Please write Research
and Development Staff, Sunnyvale 27, California. (For the convenience
of those living in the East and Midwest, offices are maintained at Suite
745, 405 Lexington Ave., New York 17, and at Suite 300, 840 N.
Michigan Avenue, Chicago 11.)

Lockheed / MISSILE SYSTEMS DIVISION

SUNNYVALE » PALO ALTO - VAN NUYS « SANTA CRUZ « COOKE AIR FORCE BASE, CALIF. « CAPE CANAVERAL, FLORIDA - ALAMOGORDO, NEW MEXICO



FLIGHT IN THREE MEDIUMS

Several things set the Polaris apart from other
outer space weapons in the ballistic missile cate-
gory, for the Polaris program involves a wholly
new concept of weaponry.

1. It will be dispatched from beneath the surface
of the sea.

2.1t will be radically smaller than currently
developed land-launched missiles, yet its pay-
load will be as effective and its range the same
as other IRBMs.

3. It will be the first operational outer space mis-
sile to employ solid fuel as a propellant.

4. Tt will travel through three mediums in a single
flight—water, air and outer space.

5. Tts launching base —a submarine —is not fixed
but a mobile vehicle.

OUTER SPACE PROGRAM

Very little can be said about the Earth Satellite
program at this time except that its success will
necessitate advancing the state of the art in all
sciences.

The Earth Satellite Project is perhaps the most
sophisticated outer space program to reach the
“hardware” stage in the U.S. today.

ENEMY SIMULATOR

The Lockheed Kingfisher Q-5 is the nation’s
fastest target missile, developed for the Air Force
to test the accuracy of our newest supersonic
weapons.

It is a ramjet target vehicle with Mach 2-plus
capabilities. The Q-5 not only has speed to match
the defensive missiles, but can also simulate a
vast array of supersonic enemy missiles and air-
planes attacking from great height. It is instru-
mented to score near misses and even theoretical
hits without itself being destroyed.

It is recoverable from flight by parachute to be
flown again, permitting weapon system evalua-
tion to be conducted at greatly reduced cost.



ENGINEERS oo
with Creative Imagination

probe physical universe

at Cubic Corporation

Cubic Eng-neecrs, erdowed with creative imagina-
ticn, successfully developed a single system for the
simultanecs trackiag or guiding of five or more
anti-bombzr o- anti-ICBM missiles.

At Cubic Corporation creative imagination is con-
tiruing to broaden the scope and realization of such
vessatile svst=ms as MOPTAR, which is completely
mebile andcapablz cf operating in the most stringent
missile envircnments.

YOU, whe enjoy thz creative challenge of scientific
and technical developmemts which probe the very
nature of the physical universe, should talk to Cubic!

Cubic Corsoration RIGHT NOW affords Engineers
and Sciendsts the epportunity to grow and gain
added presige in such advanced fields as:

Advance: Mathematics  Airborne Packaging
RF-UHF-#HF Digital Data Handling
Antenna-Propagation Electronic Circuitry

At Cubic Gerporatioa in beautiful, equable-climated
Saa Diego ycu will be associating with a company
in which creativity is required, recognized, rewarded.

Write o phone  Mr. Joseph Devlin
557¢ Kearny Villa Rd.
San Diego 11, Calif.
BRowming 7-6780

O

o0k
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Nickelon

IC News

.ﬁ DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS ‘ﬁ

Underseas two years: Atlantic phone cable
amplifier tubes retain full emission,
promise 2() years continuous service

175HQ amplifier tube used in underseas phone cable repeaters. There are 306 tubes in
the Atlantic cable. All rely on parts made of Nickel.

15t INTERSTAGE
NETWORK

2nd INTERSTAGE
NETWORK

2nd STAGE
VACUUM TUBE

3rd STAGE
VACUUM TUBE

OUTPUT
NETWORK

Nickel parts are essential in the 175HQ tubes, shown in this portion of phone cable
repeatet unit. Tubes designed and built at Bell Telephone Laboratories, Inc.

quick, strong spot welding. (2) solders
easily — speeds hermetic sealing, and
assembly into circuits. (3) meets strin-
gent mechanical specifications — leads
(0.0201” diameter) withstand 80 sec-
ond pull test of 3 pounds, four 90°
alternate bends.

Pertinent literature: Write for “Inco
Technical Bulletin T-15",

®General Kleetrie (o.

New G-E Solid Tantalytic Capacitors.
Electronic grade A" Nickel lead wires help

Murray HiLn, N. J.: These Atlantic
phone cable tubes must have long, no-
failure lives — tube replacement costs
run to half a million dollars each!
Designers at Bell Telephone Labora-
tories have left nothing to chance in
developing this kind of reliability. They
use Nickel in many parts of the 175HQ
amplifier tubes for both cables of the
Atlantic phone system. Experience
backs up their use of Nickel. The very
first telephone cable to use these tubes
—Key West-Havana—have had no tube
failures in over 8 years!
These repeater tubes rely on Inco
Nickel and Nickel alloys in 12 parts
— cathode lead, connector, tubing and
sleeve; getter tapes and flag; electro-
static shield wings and Nickel-plated
steel shielding; Nickel anode side
rods; eyelets in mica; connecting tape:
and carbonized Nickel in control grid
radiator.
The record proves that electronie
grades of Nickel and its alloys, now
freely available, possess high strength
at high temperatures, outstanding
vacuum characteristics, good welda-
bility and the ductility needed for in-
tricate forming operations.
Pertinent Literature: Electronic grades
of Nickel and Nickel alloys (such as
#3307 Nickel for anodes, “D”* Nickel
for supports) with their uses, are de-
tailed in “Inco Nickel Alloys for Elec-
tronic Uses.” Write for a copy.

make it rugged.

Small, rugged electrolytic
capacitor...Nickel leads
boost its strength

HupsoN FaLLs, N. Y.: The new Solid
Tantalytic® capacitor is designed for
low voltage circuits —its capacitance
changes not more than 20% from
+85°C down to —80°C. General Elec-
tric designers gave it unusual resist-
ance to mechanical shock with Elec-
tronic grade “A”* Nickel lead wires.
They chose Nickel for three good rea-
sons: (1) welds easily — high thermal
coefficient of electrical resistivity aids

#Trademark, The International Nickel Co. Inc.

Non-magnetic Monel “403” alloy aids
precise tuning by klystron bellows
SAN BrUNO, CAL.: The low permeability of Monel

“403”* non-magnetic nickel-copper alloy (1.1 max. (
at 27°F) in the tuning bellows of this new Eimac MR em—
X-639 Klystron permits precise frequency adjustment ey

without disturbing the tube’s magnetie circuit. And ...
the good forming and brazing characteristics of -
Monel “403” alloy make for easy bellows manufacture.

Inco Nickel for the cathode assures stable emission TUNING

characteristics. Electronic grade “A”* Nickel for the BELLOWS .‘ NECK
focus electrode is readily formed, does not contaminate FOCUS o
vacuum. Monel* nickel-copper alloy for the neck provides g gcTroDE

strength at elevated temperatures . . . withstands —
oxidation and corrosion. % 7 CATHODE
Pertinent literature: Write for Inco Technical Bulletin T-5. u

Nickel and Monel alloys aid manufacture, operation of this Eimac
X-639 Klystron by Eitel-McCullough, Inc. Delivers 50 watts in 7100-8500 mc range.

A\ A\
:INCO: THE INTERNATIONAL NICKEL COMPANY, INC. * 67 Wall Street * New York 5 N.Y. :!NCO:

TTADE maARK
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COMPONENT DESIGN
Box-Shaped Tube

B

A CUBICAL ENVELOPE, developed by
Westinghouse has structural ad-
vantages which enhance tube re-
liability and provide a convenient
tube shape. Tube leads are all in
one plane making the lead welds to
the mount structure more acces-
sible and subject to control. The de-
sign is applicable to a complete line
of receiving tubes and uses the
same electrode structure as conven-
tional receiving tubes.

Shock and Vibration

High-dimensional accuracy of
protrusions for locating the mica
spacers eliminate the need for mica
serrations and decrease the danger
due to loose particles and gas. Since
the mount structure is locked within
the envelope, microphonism and re-

sistance to severe vibration and
shock are improved.
The envelope shape permits

Counting Done by

A STABLE AND RELIABLE binary di-
vider has been developed by the
combination of two magnetic mem-
ory cores and a transistor. The di-
viders can be cascaded to produce a
division ratio of 2 to the n power
where n is equal to dividers in the
chain.

Simple feedback circuits alter the

\\\“

FIG.
selected to reduce the input from 128 to 100. The "“Advance (4) Counts” circuit is fed back at a point which reduces the input
count required by 4; the other two feedback circuits reduce the input count required by 16 and 8, respectively. Overall input require-
ment is therefore reduced by 28 allowing a 100-kc input to produce a 1-kc output

98

=

1—Seven binary dividers in cascade produce an output pulse for every

Envelope

flexibility for equipment designers.
Tubes can be recessed or strapped
onto printed circuit boards. If de-
sired, the straps can serve as an
effective heat sink.

Mechanized feeding to printed
circuit boards and chassis is possi-
ble because of the rectangular
shape. If a high-temperature en-
velope material is used, size of the
new tubes can be reduced. The box
shape is well suited to the tight
space requirements of modules and
subassemblies. Since the tube socket
is eliminated, noise and circuit ca-
pacitance is reduced.

Larger lead spacing is possible
minimizing pickup and making
soldering easy. Lead arrangement
can be designed to fit the circuit.

I.O. Tube For
Night Reconnaisance

A NEW CAMERA TUBE based on tv
principles picks up scenes at light
levels 100 to 1,000 times below
those needed for conventional
pickup.

Extreme sensitivity claimed for
the tube is achieved by two “intensi-
fier stages” placed between the
pickup face and the signal output
assembly at the rear. The tube am-

plifies light intensity many times.

In the intensifier orthicon,
electrons emitted into the tube from
the front face area go to an intensi-
fier screen which emits from ten to
twenty electrons for each one that
strikes it. Since the tube uses two
such screens, approximately 300
electrons are provided to the signal
output assembly for each one that

Jleaves the faceplate.

The new device was developed by
RCA in a program sponsored by the
Aeronautical Research Laboratory
at Wright Air Development Center.
Its potential value to astronomy has
been emphasized.

The tube may enable astronomers
to observe previously unseen details
of plants and nebulae. It will also
permit visual reconnaisance in al-
most complete darkness.

Two intensifier stages increase electron
flow approximately 300 times

Frequency Division

ratio of any group of dividers and
provide a means for obtaining any
required division less than 2". Each
binary divider is mounted on a
printed circuit board and solidly en-
capsulated in epoxy resin. Overall
size, exclusive of connecting pins,
is1 X1 X §in. Connecting pins are
arranged at one end with spacings

<+—— ADVANCE(2X2:4)COUNTS

and sizes that are intended for di-
rect mounting to larger printed cir-
cuit boards.

Fig. 1 illustrates an arrangement
for obtaining a 1,000 cycle pulse
output from a 100-kc sine wave fre-
quency standard. Inductor L. is a
saturable reactor or memory core.
It is required for input frequencies

<+—— ADVANCE{4X4:16)COUNTS

128 64 32
-30V

128

input pulses.

The {feedback loops were
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faced with a tough design problén >

ALUSIMAG)

ALUMINA CERAMICS

may be the answer/

For exacting applications, your chances
are better with AlSiMag because more special-
characteristic Aluminas are available here than
from any other source. You benefit from extra
“know-how' . . . years of experience in pro-
ducing simple and complicated Alumina parts
in a broad range of shapes and sizes . . . plus
equipment for rapid delivery in any quantity.
Precision tolerances. Prototypes before tool-
ing, if you like.

Advantages like these give you greater free-
dom: Tensile strengths up to 25,000 Ibs./sq. in.
Compressive strengths up to 420,000 lbs./sq.
in, Flexural strengths up to 62,000 lbs./sq. in.
Superior electr'ical characteristics. Safe opera-
tion at continuous temperatures up to 2952° F,
Loss factors as low as .0074 at 10,000 MC.

Not all applications need such advanced
properties. A standard AlSiMag material—from
the industry's widest selection—may meet your
specifications. Let us help match your require-
ments to the AlSiMag material that will do the
job at lowest cost. Premium AlSiMag Aluminas
will be suggested only where superior perform-
ance is needed. Send blueprint or sketch with
details of operating conditions.

£

A Subsidiary of
Minnesota Mining and
Manoufacturing:Eompany

AMERICAN LAWVA |c:imanocoa s e
c o R P o R A T i o N 56TH YEAR OF CERAMIC LEADERSHIP

Fer service, contast American lava representatives in Offices of Minnesota Mining & Manufocturing Co. in these cities isee your hocal telephone directoryl:
Atlanta, Ga. * Boston: Newton Center, Mass. * Buffalo, N. Y. * Chicago: Bedford Park, Il = Cincinnati, O. = Cleveland, O. * Dallas, Texas °© Detrait, Mich.
High Point, N. £. = Los Angeles, Cal. * New York: Ridgefield, N. J. » Philadelphia, Pa. * S Lleuis. Mc. * St. Paul, Minn. » So. San Francisco, Cal. * Seattle,
Wesh., * Canada: Minnesota Mining & Manufacturing of Canada, Lid, P. ©. B~ 757, Loncon, Ontcrio. All other expert: Minnascta Mi- -~ & Manufac-
turing Co., International Division, 99 Park Ave., New York, N. Y.



RBM
98000
SERIES

RBM

AC OR DC
GENERAL
PURPOSE
"’ RELAY

Since the basic relay and its
many contact forms, ratings,
and terminal variations are reg-
ular production items at RBM,
design bottlenecks can be shat-
tered. RBM has “CUSTOMER-
ized” these relays to fulfill al-
most every conceivable require-
ment. This vast background of
application engineering can
serve you with design shortcuts
... lower your “‘finished prod-
uct” cost. Ask your RBM prod-
uct application engineer.

REBME VERSATILITY PERMITS ENGINEERING SHORT-CUTS

THAT LOWER YOUR "FINISHED PRODUCT COST !

AC. o.C.
MAN Y ARE OTHER FEATURES QE700 TYPE ; 8600 TYPE
LISTED BY U/L |
FILENCS. £/2/39 ORE2238/ e MAX. COJL VOLTAGE 2304¢ ! 115 DC
' e 2
PRESSFIT PILE-UP e ﬁgjﬁg— RES. | o000
ELIMINATES DRIFT, AU « i
ABIURES CONSAGE « MAX.COIL WATTS | 9.01A mkusi|
STABILITY i 40 W,
OR VOLT AMFS. é.5V.AS’E4££D§
DERPENDABLE CROSS-BAR O o MAX CONTACT FORM DPOT 15AMPS| 2PDT ISAMES
CONTACTS AVAILABLE & 6/”»(/) { RATED CaﬁRENT-i i i
FOR LOW YOLTAGE ANDJOR i ¥ 4POT EAMPS.| 4POT 6AMFS.
20w CURRENT CIRCUITS A AT 32V.DCOR 115 V.AC 6PDOT 3AMPS| LFPDT 3AMPS,
(WON-INDUCTIVE LGAD)
SIMPLIFIED MAGNET
FRAME AND ARMATURE ® 4PPROX. WEIGHT 4/ 0Z. 4./02,

ASSEMBLY PROVIDES
EFFICIENT, FOSITIVE
ACTION

VARIETY OF
MOUNTINGS AVAILABLE

100 CIRCLE 68 READERS SERVICE CA
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ALSO AVAIL ABLE (v 97000 SERIES
PROVIDING ADOITIONAL COIL

POWER .., GREATER SENSITIVITY

Consult Your Local RBM Product Application Engineer or Write For Bulletin 1060

RBM Division

ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA
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between 0 and 50 ke. A 100 to 1 di-
vision from a 1-mc standard is also
possible.

Other models of this binary di-
vider are available for operation at
input prf’s of 1 and 5 me. Higher
frequency units are under develop-
ment by the manufacturer Rixon

Electronies, Silver Springs, Md.

Terminal arrangement was chos-
en for most practical application
to printed circuit boards, however,
where thickness must be minimized,
terminal pins can be brought out
one side rather than the end as
illustrated.

Ceramic Receiving Tube Report

Ceramic tubes: I. Four Sylvania tubes and structural details of stacked mount: 2.
General Electric ceramic tubes and assembly of 22354 triode; 3. Westinghouse
“Pyroceram’ vessel; 4. RCA ceramic tubes and cross-sectional view of “pencil”
tube ‘structural principals; 5. Bendix TE-31 power pentode: 6. Eimac double triode
with separate cathodes: 7. Raytheon QM676—an r-f pentode similar to a 6AKS

THE PRESENT TECHNICAL position
of various structural approaches
for ceramic tubes is outlined in
a report of the Advisory Group
on Electron Tubes, an agency of
the Assistant Secretary of De-
fense, Research and Engineer-
ing.* Ceramic-seal techniques pre-
ferred on the different projects
and the wvarious tube types
which might appear as a result of
the development work now in
progress are discussed. Present
objective requirements of the

different projects are commented
on also. Emphasis is placed on the
technical aspects of the work.
Development of ceramic receiv-
ing tubes in this countrv has re-
ceived the support of the military
departments to the extent of sev-
eral million dollars. In addition a
somewhat smaller, but by no
means inxgignificant amount, has
been invested directly by industry.
At present there are eight differ-
ent active projects and one com-
pleted project; five of these have

ELECTRONICS engineering edition — July 18, 1958

They can be your design assistants
on other Essex Engineered Products.

WIRE AND CABLE

A complete line of appliance wiring material,
radio, television and electronic hook-up wire,
200° C high temperature Sil-X wire, automotive
wires ond cobles, ond flexible cords.

Wire and Cabie Div., Ft. Wayne, Ind. "'g

eccrs [

COILED CORDS-CORDSETS

Prime source for plastic and rubber power
supply cords. Terminations of all types {molded
plostic and rubber) with infinite design possibil-
ities. Complete line of Coiled Cords
including HPN,

Write for Coil Cords Literature

Cords Limited Division, DeKalb, 1H. @

A tow cost, space saving single pole or common
muitiple contact D.C. unit. Highly reliable. Can
be built to withstand extreme environ-
mental conditions.

Write for Bulletin MS-3

«
R-B-M Contrel Div., Logansport, Ind. @’@

WIRE CORPORATION

CIRCLE 69 READERS SERVICE CARD
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NEw PRECISION VARIABLE

RESISTOR with no sliding wiper

Ea
@

MFR 1

These -Rotary- Metallic Film

are the perfection of years of
research and development

Super
reliability

18 inherent
through

unique
manufacturing
techniques

Potentiometers

FEATURES:

Details
will be
sent upon
request.

102

® Complete Hermetic Seal
Infinite Resolution

High Temperature Operation
Long Life

Low Torque

Exceptionally High Accuracy
Extremely Low Noise

© P @ 9 @ @

A patented compression contact eliminates the wear or
friction caused by usual wiper contacts. A precious metal
capsule contact provides dependable long life operation.
The deposited metal film resistance element is encased
and hermetically scaled. The ultimate in craftsmanship
is employed in the manufacture to produce a potenti-
ometer unparalleled for performance. This new con-
cept of design makes possible super reliability under the
most severe environmental conditions such as those en-
countered in airborne, missile and satellite applications.

TECHNOLOGY INSTRUMENT CORP.

569 Main St. P. O. Box 3941
Acton, Mass. No. Hollywood, Calif.
COlonial 8-7711 POplar 5-8620

CIRCLE 70 READERS SERVICE CARD

received military support and four
have been industry supported. Of
the latter four at least one is cur-
rently being negotiated.

A review of each of the projects
is given. No significance is to be
attached to the order in which
these projects are presented.

Military Sponsored Projects

The basic design of Sylvania
tubes is illustrated in insert 1.
The stem or header consists of a
high-alumina body ceramic wafer
through which tantalum leads,
placed to fit standard sockets, are
sealed by means of the active-
alloy process using a nickel-titan-
ium solder. A stacked mount with
planar geometry is fabricated as a
unit and spot-welded to the header.
Effort has been directed toward
the following types of tubes: SN-
1724F (6J6); SN-2146B (6AQ5);
SN-2358A (6111); SN-1809A
(6AK5); SN-2360A (6206); SN-
2359A (6112); SN-2361A (5977);
SN-2145B (6AL5): and SN-2362A
(6788). The first two types have
been passed to users for trial.

The design, approach in the
Eitel-McCullough project is shown
in insert 6. The structure is a
stacked mount in which sections
of the ceramic envelope become

spacers for the elements. Tubes
under development, or consid-
ered for development are: CDI16
(6SN7); CD18 (6AK5); CD19
(6C4); CD22 (6AQ5); CDh24
(6SL7); CD25 (6AL5); CD26
(2C51).

The general structure of the
Bendix Aviation tubes is shown in
insert 5. Life tests indicate that
the tubes developed will meet a
400C ambient.

The present contract calls for
the production for evaluation of
500 each of the following types,
and the establishment of facilities
to supply 10,000 of each type,
monthly: TE-31 (6L6); TE-32
(half 6AS7); TE-33 (half 5R4);
TE-34 (6AGT).

A Signal Corps study contract
with  Raytheon completed in
1956, produced a conventional
glass envelope tube—the QM619
—which was capable of with-
standing severe shock and vibra-
tion environmental conditions.
The electrical characteristics are
very similar to those of the 6AKS5,
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THE GRANT MARK 11

THINSLIDE HAS MET
WITH IMMEDIATE APPROVAL!

It is the lightest, most compact and
y smoothest operating slide available
and here’s why...

with non- binding, non-walking

and non-friction action.

The Mark Il Thinslide is available in lengths from 12" to 24"

i - e
AR s : i
Bl -

- . e Py L
Designed specifically Forloadsup Lo 100 ls. The only extruded alu- Space-saving — elimi- Tested under most ad- Can lock and tilt in
for mounting to stand- wminwm thinslide with nates need for rear verse conditions plus 45° and 90° posi-
ard reluy racks—needs gtainless steel ball access doors and aisles. meels military specifi- tioms.
only 34” side space. bearing action — slide cations.
Requires mo modifi- 18 corrosion resistani.
cation to cabinet or
chassis.

Write for additional data on the Mark Il — you’ll be happy you did!

Grant Pulley & Hardware Corporation

23 Higl Street, West Nyack, New York 944 Lonyg Beuch Avenie, Los Angeles 21, California

SEE THE GRANT EXHIBIT AT THE WESCON SHOW-BOOTH NO, 132
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w%/?’éays: “G

et acquainted

with the wire that has the

WIRES and CABLES

Though most wires look alike,
there is a difference. At Ches-
ter, we think of this as wire
personality. Chester wires and
cables reflect their background

. . ultra-modern production
facilities, selected raw mate-
rials, exacting manufacturing
methods supervised by engi-
neers who are wire and cable

And every type of Chester con-
ductor is especially engineered
for its recommended applica-
tion. The next time you need
an insulated conductor, inspect
a Chester sample first! Our
engineers will be happy to
show you how the wires with
the engineered personality
can help solve your wiring

specialists. problems !
CHESTER EiT5
. CORP.
A Subsidiaky of Miami Copper.Company
® : CHESTER, NEW YORK, U.S.A..

Pioneer Producers
of Plastic Insulated
Wires and Cables since 1940

CHESTER CABLE CORP., CHESTER, N. Y.
[0 Have a sales engineer call

[J Send data and sample on the following wires

Send fcr
Wire Samples
and Data Sheets

1
L}
]
)
1
]
]
]
1 NAME
)
1
1
]
1
]

TITLE ..o Fill' out coupon and
mail, today! Use the
COMPANY, margin space. below- -
coupon for additional
STREET wire data reguests.
CITY..... i e e e LO N B T e it £ STAT | E oo
104 CIRCLE 72 READERS SERVICE CARD
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except for Gm which is approxi-
mately 4000 micromhos.

Conventional mica spacers and a
soft glass envelope limited the en-
vironmental temperatures in this
tube to below 200 C. The possibility
of operating up to ambient tem-
peratures in the 400 C region has
led to the ceramic structure of in-
sert 7.

Non-Military Sponsored Projects

The mount design for RCA cer-
amic tube is derived from the
“pencil” tube structure, but spe-
cific features of the S-band tube
are incorporated in the ceramie
subminiature tube. Because mica
insulators are not necessary with
this design, the problems of mica
decomposition at high tempera-
ture and mechanical failures, as-
sociated with micas, are elimi-
nated. Insert 4 is a photograph of
the ceramic stem, and the ceramic
and metal bulbs.

The basic philosophy adopted at
General Electric was that used in
the original “light-house” tubes,
where the sandwich-type planar
construction gave inherently high-
shock resistance, and also ex-
tremely low lead inductances.

Construction of the power tri-
ode, is shown in in=ert 2.

Westinghouse has seen possi-
bilities in the use of the new Corn-
ing glass-ceramic materials—
“Pyroceram,” and it is working
closely with Corning Glass Works
to make some of the materials
adaptable to tube envelopes, In-
sert 3. Since the softening of the
new materials occurs in a range of
from 1,150 to 1,350 C, tube process-
ing temperature of 700 to 800 C
appear to be feasible.

Conclusions

As a result of the survey the
ad hoc committee felt that ceramic
tubes now under development
offer potential advantages in:
a. Improved quality through
higher processing temperatures,
b. Operation at higher ambient
temperature, c¢. Increased resist-
ance to nuclear radiation, d. In-
creased ruggedness, and e. Reduced
microphonism.

* Members of the ad hoc committee were:
J. C. MeNally, Bell Telephone Labora-
tories: W. IT. I\ohl, Stanford University .
J. B. Wilson. Bell Telephone [.aboratories:
A. K. Wright, Tung-Sol Electric and rep-
resentatives in each of the three iilitary
services.
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For the Who’s Who in Microwave Engineering

Here’s the
‘“What’s New”’

in Microwave
Equipment

v Pe Cul'alg

¢

of signal (technical data) to noise (generalities), this book is much more than a
catalog. Functionally organized, conveniently arranged, it provides an informative
guide with quick readout of what you want to know. Basic engineering considera-
tions are included as well as precise performance data.

To place yourself on PRD's “Who's Who" list to receive this 160 page reference
volume, send us your name and title . . . on your company letterhead, please.

With this catalog, you can preview the newest in microwave equipment . . . even
before you see it at PRD's WESCON Booths 1357-1358... . if you write us ... right now.

[ 4
POLYTECHNIC RESEARCH & DEVELOPMENT Co., Inc.

202 Tillary Street, Brooklyn, New York e UL 2-6800
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PRODUCTION TECHNIQUES

Flame Jets Replace Slow Annealing in Oven

By W. ITAROLD SMALL, Raytheon Manufucturing Co., Waltham, Mass.

Operator loads hot magnetron assemblies on spindles of rotary annealer

AUTOMATIC MACHINERY tempers
glass sub-assemblies of magnetron
tubes at Raytheon’s power tube
plant. Annealing time is cut from
hours to minutes, with savings as
high as 24 cents per tube.

The annealing machine employs
a rotary conveyor (converted from

a glass-stem sealing machine) with
8 radial fixtures. Each fixture is a
tapered rod with a metal collar
which carries the work at the
proper height through the flames.
Table is driven by a 110 v a-¢ motor.

To load the machine, the opera-
tor picks up the subassemblies with

tongs and places them on the rods.
Subsequent operations are entirely
automatic.

Every 14 seconds the 8 fixtures
are automatically indexed 45 de-
grees. This brings them succes-
sively in line with a series of 5 gas
jets. Flame temperature, approxi-
mately 400 C at the frst jet, drops
to 100 C in the cvele.

Fixtures bear on an inclined
track which gradually raises them
as they advance beyond the fifth
position. At the final position the
track ends, the fixtures drop and
the work is deposited by a chute
onto a belt convevor which takes
it to the in-line inspection station.

To cope with strain produced by
the previous sealing operation, mul-
tiple flame heads pinpoint direction
of heat to strain areas. Four jets
are used at the first station, only
2 jets at the last. Flame tempera-
tures at each station are preset and
maintained by mixer valves.

Since the fixtures are much
smaller in mass than the sub-
assemblies, they heat up rapidly to
approximately the same tempera-
ture.

The drive and indexing mechan-

DESIGN TRENDS: Chocolate Bar Modules in Camera

Transistorized modules, potted in bars and plugged into a central printed circuit board, are used in this tv camera designed by Dage

Television Division, Thompson Products, Inc., Michigan City, Ind.. for military. aviation and broadcasting use.

Unit weighs 4 pounds,

draws under 7 watts and measures 2% by 53 by 7% inches. Modules, shown potted and unpotted, are video and sweep amplifiers,

sync generator, binary strip. oscillator and power supply. Camera contains no operaiing controls, uses single coaxial cable.
signal may be carried 2.000 feet by cable, or 5,000 feet with transistorized line amplifier.
source, or remote d-.c source may be used. Case is machined aluminum with sheet aluminum side panels. A

monitor being developed wiil have a volume equal to a box the size of the crt

106

Video
Power from battery, adjacent a-c or d-c
10.-pound, 10-watt
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SEE SPERRY

SPERRY made microwave radar possible by developing the klystron 20 years ago.

Since then, Sperry klystrons have become the design choice in every radar field —

from missile guidance to the most accurate radar test equipment. For example:

Low-voltage reflex klystron
for testing X-band radars

GENERAL CHARACTERISTICS

Frequency Range 8.5 to 10.5 kmc
Output Power (VSWR 1.1) 20 mw (min.)
Electronic Tuning

Bandwidth 35 me (min.)
Beam Voltage 300 v

Reflector Voltage -45 to -180 v

Here is the ideal signal source for radar test equipment —
the SRX-92 reflex oscillator klystron. Offering complete
coverage of the frequency range from 8.5 to 10.5 mc, this
Sperry tube also serves as local oscillator in microwave
receivers and spectrum analyzers, or as a low-voltage bench
oscillator.

Spanning 21% of the center frequency, the SRX-92 also
features low hysteresis, high thermal stability, and single-
screw tuning—in a low-cost package that weighs only 42
ounces. The SRX-92 meets Navy requirements. Write or
phone the nearest Sperry district office for more details and
shipping schedules.

ELECTRONIC TUBE INVISION

GP[HH GYROSCOPE COMAANY

DIVISION OF SPERRY RAND CORPORATION

BROOKLYN * CLEVELAND * NEW ORLEANS = LOS ANGELES « SAN FRANCISCO « SEATTLE.
IN CANADA: SPERRY GYROSCOPE COMPANY OF CANADA, LTD., MONTREAL, QUEBEC.
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Actual Performance Results

PROVE...

FANSTEEL

Tantalum Capacitors

give YOU oo

PP, VP and HP
Types are also
available with
insulated sleeves

IMMEDIATE DELIVERIES

RELIABLE TANTALUM CAPACITORS SINCE 1930

ism is located beneath the machine
where it cannot endanger the op-
erator. The rotary table supporting
the 8 fixtures is readily removed as
a unit for maintenance.

Assembly descends chute. Pipe sec-
tion above gas and air valves has mixer
preset for flame temperature control

Fixture rods rise on inclined plane until
assembly is level with chute at left

Magnetron subassemblies were
formerly annealed in batches in a
large heated vacuum tub, which
cooled them gradually—sometimes
as long as 12 hours. The new
method takes 2 minutes and reduces
handling.

Copper Spray. Clip-on
Leads Make Varistors

By C. C. MARTINDELL

Western Electric Co., Allentown, Pa.

SPRAYED COPPER forms contact
surfaces of silicon carbide varis-
tors. Terminals shaped like a paper
clip are attached to both sides of
the varistor disk at once and then
clipped to form two leads.

A semiautomatic machine is used
to spray 0.0025 inch thick contacts
on both sides of varistor disks.
Pressed and fired disks are loaded
into slots of a conveyor which car-
ries them past 4 metallizing guns,
2 on each side of the conveyor. Guns
are fed by spools of copper wire
melted as the wire passes through

108 CIRCLE 75 READERS SERVICE CARD July 18, 1958 — ELECTRONICS engineering edition
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Varistor disks are hand loaded in metal-
lizing conveyor

F

Mask, shown disassembled, is made on
punch press

Large tubes carry cooling air to sprayed
disks

oxygen-hydrogen flames.

Air pressure blows the molten
copper against the disks, where the
copper freezes. Low pressure air
streams from large tubes cool the
disks. The coated disks drop into a
container as the conveyvor turns
over on its return to the loading
station.

The commercial metallizing guns
are equipped with nozzles which
compress the copper spray into a
flat  elliptical pattern oriented
parallel to the conveyor travel. This
concentrates the spray on the disks.

The sides of the conveyor slots
are provided with holes slightly
smaller than the varistor disks, to
mask the edges and prevent short-
ing across the disk edges. The
masks are made of simple punch
press parts held in place by a toggle
clamp.

Spray accumulates on the con-
veyvor. The partially solidified cop-
per stream also abrades the masks.
The design of the masks minimize
these problems. Masks are disas-
sembled and tumbled daily to re-
move copper buildup until pitting

SILE
REDUCED
AS MUCH AS

617

FANSTEEL
New Sub-Miniature Size

STA Capacitors

SOLID TANTALUM

RELIABLE TANTALUM CAPACITORS SINCE 1930
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Ea

in MB Shaker Systems...

==

response equalized for

“hi-fi'random motion

| EQUALIZED B TS
l- Curve “A" traces peaks and notches caused by test
e specimen resonances and shaker frequency-response
}- . ..shows how they produce wide variations in table
acceleration with frequency changes. Each peak and
|- notch produces a shift in level, which is the mass
offset effect. Note in curve "B’ how exciter and
|- peak-notch equalizers in MB complex motion system
= level the response — compensate for resonance and
32 . mass offset.
=|Z I
B gl d e /
. & .
i Sl L€ \
Y é“ - >\1’ \
S 1le) O\\ o S
“I> S \
bt -
. (of 7
e N \
<
e o
- PEAKS AND
i L NOTCHES REPRESENT
: . ' VARIOUS "Q"s |
ACTUAL RECORDING FROM TEST ITEM | TROM 32T0 67
IJLLiiLl l 1|11111 {
200 - 400

20 40 100

For accurate reproduction of vibra-
tion environments, the variation of
shaker table acceleration with time
should be identical to that of the in-
put voltage. Flat frequency response
of the system insures this result.

ADVANTAGES OF MB SYSTEM
With electronic analogs, MB’s peak-
notch compensator gives the exact in-
verse electrical equivalence of the
mechanical system resonance. Inde-
pendent adjustment of the peak and
notch frequencies allows peak to oc-

M B manufacturing company

A DIVISION OF TEXTRON

FREQUENCY (CPS)

1000 2000

cur prior to notch, (or vice versa),
in a single unit as required by the
specimen. This automatically, pre-
cisely provides the mass offset re-
quired. Compensator also corrects for
high Q resonances at low as well as
high frequencies.

MB is the only manufacturer of all
units comprising complete random
motion test systems. Avail yourself of
our experience, quality design, and
technical service facilities. Send for
Bulletin 420E that tells more.

INC.

1075 State Street, New Haven 11, Connecticut
HEADQUARTERS FOR PRODUCTS TO ISOLATE ... EXCITE...AND MEASURE VIBRATION
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of the surface prevents copper re-
moval, !

The flat and symmetrical design
permits the mask parts to be re-
versed and turned end for end, ex-
tending the life of each assembly.
The parts are cheaply replaced
when too worn or pitted for further
use.

Soldering of terminals to disks is
complicated by oxidation of the
copper during the spraying process.
After metallizing, the disks are im-
pregnated with silicone oil.

Disks fall from slots in masks as con-
veyor recycles

Loop of clip-on terminal is cut off after
soldering

However, a dip soldering tech-
nique overcomes these problems. A
layer of rosin flux is floated on top
of the solder. The disks, with ter-
minals in place, are dipped twice
into the solder through the flux
giving a satisfactory bond.

The terminal is similar to a
paper clip. It holds the disk firmly
between its legs. The soldering ma-
chine holds the assembly by the top
of the clip, so machine parts do not
contact the solder during dipping.

To start the operation, terminals
and disks in groups of 6 are aligned
in a holding fixture. The fixture
goes into the soldering machine.
After 2 dips in the rosin-solder pot,

July 18, 1958 — ELECTRONICS engineering edition



: ®
.H M “ ii E industry’s most complete line of

WIRE-WOUND RESISTORS

WRITE ON COMPANY LETTERHEAD FOR CATALOG 58

Ohmite has
exactly the
resistor you
need

Ohmite offers the
most complete line of
high quality resistors
on the market . . .
fixed,
tapped, noninductive,
and precision resistors
inmanysizesand types
of terminals . ..in a
wide range of wat-
tages and resistances.
All-welded construc-
tion. Ohmite applica-
tion engincers will be
pleased to help you in
selecting the resistors
for your job.

adjustable, |

e

~ gt

FIXED

Resistance wire is |
wound on a ceramic |

| tube and protected by |

a vitreous-enamel coat-
ing. Many kinds of
terminals available. |
May be single winding,
tapped, or multisec-
tion. Watts, 3 to 1000;
ohms, 0.1 to l,700,000.

DIVIDOHM
ADJUSTABLE

Vitreous-cnameled re-
sistors with the wire ex-
posed in a strip along
onc side for contact
with adjustable lugs.
Most Ohmite resistors
can be ordered adjust-
able. Watts, 10 to 1000;
ohms, 1 to 100K.

w—

AXIAL LEAD

Small vitreous-enameled |
resistors with wire leads
axially welded to caps
on ends of the units,
Also TUBEOHM ce-
ramic jacketed style. |
Watts, vitreous 3 to 10;
Tubeohm,5t025; ohms,
vitreous 1 to SOK;
Tubeohm 1 to 25K.

THIN

Resistance wire is
wound on a core of
flattened oval cross
section and protected
by vitreous enamel.
Several sizes. Fixed, ad-
justable or tapped.
Watts, 10 to 75; ohms,

| 0.1to 100K.

PRECISION METAL FILM :

NONINDUCTIVE HIGH CURRENT PRECISION SPECIAL VARIETIES
Tubular vitrcous-cnam- | CORRIBS have e¢x- WIRE-WOUND Consists of a unique | Ohmite can provide to-
eled resistors with spe- | posed corrugated rib-| Pie-wound resistors, en- metal film permanently | roids,flatstrips,plaques,
cial winding. Dummy | bon wound and cnam-| capsulated, impreg- bonded to a glass plate. specml -sized tubes, or
antennas consist of as- | eled on a tubular core.| nated. or hermetically | The assembly is scaled tubes with mixed ter-
semblics of several re- | POWR-RIBS havebare| secaled in glass. Also | in a high-temperature minals, ctc. Watt ratings
sistors. Watts, 5 to | coil of edgewise wound | standard resistors resistant plastic case. | and recsistances arc
1000; ohms, 1 to 5000. | ribbon or round wirec. wound to close toler- | Watts, 14 at 150°C to | available as required.

RHEQSTATS
TAP SWITCHES

R. F. CHOKES

RESISTORS  RELAYS

ance. Watts, 4 to 2;
ohms,0.1to Smegohms.

TANTALUM CAPACITORS
VARIABLE TRANSFORMERS

OHMITE MANUFACTURING COMPANY
3610 Howard Street, Skokie, lllinois

ELECTRONICS engineering edition — July 18,
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14 at 105°C; ohms, 25
to 350K.

OHMITE"

QUALITY
Components
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JAMES
Introduces

a New Line
of Low Noise
SPDT
Miniature
Choppers

RN

M

Disks hang by terminal loops during
dip soldering

WE WANT MORE
HIGH LEVEL

ENGINEERS
ON OUR TEA_M.

ot |
' fBé_hJi}-Taﬁﬁc

*in Southern Californi

0 a
- Disks hang in soldering machine (left)
as excess wire is. cut off in clipping

machine

MISSILE GUIDANCE
AIRBORNE RADAR

JAMES, leading manufacturer of
DPDT instrument and military chop-

pers, now introduces a new line of
TELEMETERING SPDT miniature choppers* for low
SONAR noise instrument application,

This new design is based on the

There are important positions available
in these small, independent engineering
groups at Bendix-Pacific for high level
engineers from senior grade and up.
Bendix-Pacific is particularly interested
in strong, analytical engineers who have

Soldering machine drops disks into clip-
ping fixture (right) as clipper operator

JAMES patented center pivot con-
struction aond features models with
both seven pin and four pin bases.
All will fit standard % inch sockets
and shield bases.

A unique feature—these JAMES
models are the first offering both

the calibre and capabilities to advance
into systems engineering programs.

ks finish ist .
{ miE Iinishied) varistors MBB and BBM contact closures in %

inch diameter miniature designs.
Models available include both base
coil and top coil connections. Fre-
quency ranges are from 0—120
cps and 350—475 cps. The low
noise driving systems reduce resi-
dual noise and thermal drift to o
minimum.

Pleose write W. C. Wolker your {‘ a third dip in solder alone com-
quoliticotions or fill in the pletes the soldering cycle and ve-
coupon and mail it today. moves excess flux,

' Soldered assemblies are dropped
\ by machine into another holding
| fixture., This fixture is placed in an
air-operated clipping die which
clips off the upper loop of the ter-
minal. After clipping the varistors
drop into a pan.

One clipping machine operator
serves 2 soldering machines. The
soldering machines have been con-
structed as a pair, indexing in op-
posite directions toward the clin-
ping machine.

W. C. Walker, Engineering Employment Mgr.
Pacific Division, Bendix Aviation Corp.
11608 Sherman Way, North Holiywood, Calif.

Specifications on these new models
are available by writing
*Pat. No. 2,831,936

JAMES, s

COMPANY
4050 N. Rockwell St., Chicago, lil., COrnelia 7-6333
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| am interested in this engineering field____ !
{ am a graduate engineer with degree. i

I am not a graduate engineer but have __.
years experience.

Name
Address
City
2one..—State

VIBRAPOWR

CIRCLE 79 READERS SERVICE CARD
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ITS A
MUST!

If you sell to the $7 billion electronics
industry, you’ll want a free copy of
electronics MARKET MEDIA
FILE.

What are the prospects for:
MILITARY ELECTRONICS?
REPLACEMENT

ELECTRONICS?
HOME ELECTRONICS?
INDUSTRIAL

ELECTRONICS?

Who are the
BUYING INFLUENCES?

Why are more than 9,000 men who
make the buying decisions for 30
giant companies subscribers to
electronics? . .. and what does that

mean to your advertising dollar?

The 1958 electronics MARKET
MEDIA FILE gives the answers in
12 fact-packed pages that you will
refer to time and again throughout

the year.

Send for your free copy today.

Il electronics AP
A McGRAW-HILL PUBLICATION
330 W. 42nd St., New York 36, N. Y.

ELECTRONICS engineering edition — July 18, 1958

Get Diamond's NEW microwave
eatalog and price list!

v NANMOND ANTERN)
| ANTENNA Sviress , & MCRoway: CORPORATION

Bicxoway, ENYS
TIST xouismeny , Aaumlnl' yos
——t ewesmy

e comon 01:

Diamond’s handy "short-form" catalog #958
contains over 850 standard microwave items —
thoroughly detailed — all on one side. Simple
in format for efficiency in use.

Handsomely printed on coated card stock.
Lacquered for extensive use without smudging
or becoming dirty. Has tab for file folder use —
is punched for 3.-ring binder — lies flat when
hung on wall, for ready reference.

Send for your free copy today!

DIAMOND

4[@ =

C ORPORATI O

ANTENNA & MICROWAVE

N

7 North Avenue » Wakefield, Mass.

CIRCLE 80 READERS SERVICE CARD

" IF THIS IS YOUR PROBLEM

If you need effective, highly readable,
smartly illustrated company literature
(booklets, pamphlets, manuals) to dis-
play your products, inform the public of
your operations, attract key personnel to
your plant, train employees, and perform
any of the other communicative functions
that are vital to your business . . .

THIS IS YOUR ANSWER

The McGraw-Hill TECHNICAL WRITING
SERVICE has a staff of more than 150
highly-trained writers, editors, and illus-
tration specialists whose job it is to create
technical and general literature for in-
dustry. We write, illustrate, design, and
print Equipment Manuals, Product Bul-
letins, Handbooks, Company Histories,
Annual Reports, and other specialized
material. Save money and time. Let our
staff be your staff for Technical and
Business publications.

This service is available through ad agencies.

[—— Write ® Phone —
TECHNICAL WRITING SERVICE
McGraw-Hill Book Co., Inc.
330 W. 42nd St., N. Y. 36, N. Y.

NS

LOngacre 4-3000
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NEW PRODUCTS

Relay Production Is High

e o ™

The Bristol Co.
high-speed relays

Tempo Instrament, Inc.
time delay relay

JSamis

Av13Y
oesuwn
55N LV H 3HL
e —————_

{
/0
1
l

The Hart Mtg. Co.
polarized tvpe

Electro-Mechanical Specialties Co., Inc.
subminiature device

Master Specialties Co.
fail-safc unit

MAaNUFACTURERS are constantly improving on relays to achieve superior
performance and reliability in missile and airborne applications as well
as for critical industrial uses.

The Bristol Co., Waterbury 20, Conn., (200) announces new Syncro-
verter relays for modular type equipment.  Thev are designed to operate
reliably at speeds as high as 300 uscc in low-power and dry circuits
and at extremes of military environmental conditions.

In production at Tempo Instrument, Inc., 240 Old Country Rd,,
Hicksville, N. Y., (201) arc a series of heavy dutv transistorized time
delay relays. Time delay periods are from 0.01 to 60 sec, delay occur-
ring between application of current and relav contact pullin.  Units
feature high accuracy and 10 ampere contact rating.

The Hart Mfg. Co., 110 Bartholomew Ave., Hartford, Conn., (202)
has available new Diamond H series P relays. Thev are cngineered to
provide extremely fast action with freedom from bounce, together with
high sensitivity and excellent stability. Under some conditions they
will handle over 1,000 pps.

A new relay being offered by Master Specialties Co., 956 L. 108th
St., Los Angeles 59, Calif., (203) senses the phase sequence of a three
phase power supply, and operates to close a contact when the applied
phase sequence is A-B-C. Unit is fail-safe because the relay contact
is normally open.

Electro-Mechanical Specialties Co., Inc., 1016 N. Iighland Ave.,
Los Angeles 38, Calif., (204) has introduced the No. 5000 relay designed
to meet requirements for airborne, missile and computer applications.
It combines the functions of a dry circuit relay with thosc of a high
current relay, from 1 pa at 5 mv to a 5 ampere resistive load.

A latch relay in production at Line Electric Co., 271 S. Sixth St
Newark 3, N. ], (205) is quality control tested for dependability and
long life—one million operations minimum. Rating is 5 and 10
amperes at 115 v a-c noninductive or 26.5 v d-.

For more information use READER SERVICE Card

Line Flectric Co.
latch relay

Spectrum Analyzer
for 10 mc-40,880 mc

Porarap  Erecrronics  Cowrp.
43-20 34th St., Long Island City 1,
N.Y. Model SA-84 spectrum ana-
lvzer covers the frequency range of
10 to 40,880 mc in a single unit,
It fcatures: simplified band sclec-
tion, which automatically displavs
an expanded slide-rule dial of the
band in use, and thus eliminates
opcrator error; stable local oscil-
lators; and built-in attenuators up
through X band. The spectrum is
displayed on a crt which has special
provision for high intensification to
enable viewing in  brightly-lit
rooms. High resolution, scnsitivity
and stabilitv are available in all
eight bands. Circle 206 on Reader
Service Card.
(Continued on page 116)
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We've Miniaturized the Subminiature!

WEIGHT: 7 gram .. . 28 switches to the ounce. . .over 430 to the pound. SIZE: .500" long, .200" wide, .350" high.
CUBIC CONTENT: .035 cubic inches. ELECTRICAL RATING: 5 amps-250 vac, 30 vdc. SPDT.

After a long period of laboratory devel-
opment, MICRO SWITCH announces this
new, highly miniaturized precision snap-
action switch and a complementary line
of actuators.

We call it the “Sub-subminiature!”

This new “SX’’ basic switch represents
an entirely new set of answers to the
space-weight problems in dependable
p-ecision switching. It combines new
small size with more than ample capac-
ity for wide usefulness, meeting the
pressing demand for miniaturization
combined with reliability.

In its exacting development, many prob-

The two-word name MICRO SWITCH
is NOT a generic term. It is the
name of a division of Honeywell.

ELECTRONICS engineering edition — July 18, 1958

lems of design, testing and quality con-
trol presented themselves. However, 23
years of experience proved of immense
value. As a result, a new standard has
thus been set by which all precision
switches must be measured.

This broad experience can prove of equal
value to you. Send for more information
about this new switch. Request Data
Sheet No. 148.

MICRO SWITCH..FREEPORT, ILL.

A division of Honeywell

In Canada: Honeywell Controls, Ltd.,
Toronto 17, Ontario

HONEYWELL

< 200"
W
o ik -
ke £

Honeywell

MICRO SWITCH PRECISION SWITCHES
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ANY TYPE TERMINAL
for RADIO, TELEVISION,
COMMUNICATIONS
and ELECTRONIC

APPLICATIONS |

Malco supplies terminals
for all standard and spe-
cial requirements. Send
blueprint or specifications
for specific information

and prompt quotation.

R ?u:«z-:w*"w:'f‘ 3
EQUEST BRI
BULLETIN '
552
[ —=— ]

"nlufco TOOL and MANUFACTURING €O.

4823 W. LAKE ST. -« CHICAGO 24, ILL.
CIRCLE 82 READERS SERVICE CARD
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Precision Pot
handles up to 3 w

Hus-Por, Inc, 1242 E. Transit
Ave., Pomona, Calif. Model 101
10-turn pot is only 1 in. in diameter
and weighs less than 60 grams. It
operates satisfactorily over a tem-
perature range of from —85 T to
+185 I and when subjected to 5 g
of vibration between 20-2,000 cps
and up to 30 g of shock in six direc-
tions. It is available in eight differ-
ent standard resistance  values

between 500 and 100,000 ohms.
Standard linearity tolerance is +=0.5

207 on

percent.  Circle Reader

Service Card.

Frequency Meters
direct-reading

Poryrecnnic Researcu anp DE-
veropmeNT Co., Inc., 202 Tillary
St., Brooklvn 1, N. Y. Types 532
through 538F1 are a scrics of direct-
reading, TE11l mode frequency
meters, each covering a full wave-
guide band in the frequency range
from 3.95 to 40 kmc. Direct-read-
ing accuracy is 0.08 percent for
most ranges. This is provided by a
continuous dial, 100 in. long, heli-
cally calibrated around a drum of
7 in. circumference.  Reaction
coupling tvpes, tuned by a non-
contacting plunger, the meters are
housed in a cast aluminum case
which also serves as a self-support-

KEY ENGINEERING

OPENINGS
AT VOUGHT

\ ELECTRONICS

|

| Projects involve advanced guidance and
control and fire control systems for mis-
siles and high-performance manned
aircraft, They begin with investigations and
theory and progress through systemization
and packaging to detailed hardware design.
Key responsibilities await additional men
| who are qualified in these areas. Advanced
degrees preferred.

Stability and Control Engineer. EEE., M.E,,
or A.E., with emphasis on flight stability
and control problems or dynamics. (Spe-
cial consideration given graduate study or
extensive experience in transients or closed
loop stability analysis.) To assist in design
of autopilot and control systems for high-
performance missites and aircraft.

Antenna Design Engineer. E.E., or Physics
Degree with demonstrated aptitude for
antenna design. To join active projects
involving design of flush-mounted, recessed
and external antennas at all frequencies
for very high-performance aircraft and
| missiles.

| Fire Control and Microwave Systems
Engineer. Requires E.E., or Physics Degree;
at least 2 years experience in radar, data
link, or fire control systems; and strong
ability in this work.

Test Equipment Engineer. Requires E.E.,
or Physics Degree and at least 2 years
| experience in this or related field. (Desir-
able: broad background in clectronics
design with emphasis on digital computers
or microwave systems.) To join in the
design of complete checkout systems for
missiles and associated subsystems.
Reliability Analyst. Requires M.E., Physics,
E.E., or Math Degree; broad knowledge
of electronic and mechanical systems;
experience in operations research or reli-
ability, Helpful: statistical methods
experience.

To arrange for a personal interview, or for
a prompt report on these or other current
| openings, return coupon to:

- —————————= {
| C. A. Besio |
| Supervisor, Engineering Personnel !
I CHANCE VOUGHT AIRCRAFT, I

Dept.
| Dallas, Texas <Pt IRt ]
I I am a Engineer, g
| interested in the opening for -
I Name '
{ Address :
[ Ciy State ]
e e e e e -
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& 'lent le S S: a missile that pierces hostile sky

to pinpoint its nuclear strike

When a target’s latitude and longitude are marked on
this missile’s brain, an appointment has been made.

To keep its rendezvous, the Chance Vought Regulus 11
performs miracles of navigation: it will launch stealthily
from submarines — nuclear and conventional — from
surface craft and mobile shore launchers. It will com-
pensate automatically for wind and weather and for
the earth’s rotation. It will detour enemy strongpoints,
outfox known counterweapons. Closing in on its quarry,
it can plummet from over 60,000 feet to smokestack
height to escape radar detection.

In minutes, Regulus II can pierce over 1,000 miles of
hostile sky to score a nuclear bull's-eye.

ELECTRONICS engineering edition — July 18, 1958

The first of the Navy’s nuclear-driven subs, designed
to roam the seas as unseen Regulus II bases, is now in
construction. The missile itself has made over 25 suc-
cessful flights. Under Navy leash in key locations, it will
be a relentless watchdog for peace.

Scientists and engineers: pioneer with Vought in new mis-
sile, manned aircraft, and electronics programs. For details
on select openings write to: C. A. Besio, Supervisor,
Engineering Personnel, Dept. R-4.

CHANCE

= OUGHT AIRCRAFT

/I NCORPORATED DALLAS, TEXAS
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SANDERS | FLEXPR|\ 7" WIRING

New, flat, flexible wiring
sharply reduces weight, bulk and cost of
electronic and electrical assemblies.

Sanders Flexprint Wiring brings to commercial and military
applications a combination of field-tested advantages un-
matched by conventional wiring and ordinary printed
circuits.

e Completely flexible . . . exactly reproducible.
® Available in all lengths and current-carrying capacities.

® Weighs less than half as much as conventional wiring . . . occupies less
than one-third the space . . . conforms to any housing shape or layout.

® Designed and produced in straight cables or complex hamesses . . . in
single or multiple layers or bonded to rigid materials as a replacement for
printed board.

 Permanently bonded in insulating plastics to meet environmental and
reliability requirements.

e Withstands effects of vibration and flexing
assemblies to move independently.

. » . allows interconnected

® Speeds up assembly . . . permits automatic production . . . eliminates
error.

® Easily cut, stripped and connected.

© Available in vinyls, polyethylenes, polyesters, silicones, Kel-F, Teflon, or
other insulations.

Write today for complete data about
capabilities, prices and deliveries.

@ TRADEMARK — SANDERS ASSOCIATES, INC.

"; SANDERS ASSOCIATES, INC.

NASHUA, NEW HAMPSHIRE ¢ Dayton, Ohio * Inglewood, Calif. Washington, D.C.

CIRCLE 85 READERS SERVICE CARD

ing stand. The plunger drive sys-
tem is specially treated for mini-
mum wear, and a unique spring-
type nut reduces backlash to negli-
gible proportions. Circle 208 on
Reader Service Card.

Storage Batteries
nickel cadmium

Gourp-NaTioNaL BaTTeRrIES INC.,
Nicad Division, Easthampton,
Mass. Reliabilitv and long life un-
der cxtremes of environment are
fecatures of these sintered plate
nickel cadmium storage batteries.
Low internal resistance (0.001 ohm
for 10 AH type cell) permits excep-
tionally  high discharge currents.
Mlustrated are individual cells with
capacities of 64, 5, 2 and 1 ampere
hours. Batterv uses include port-
able electronic equipment, missile
auxiliary  power, aircraft c¢ngine
starting and data processing. Circle
209 on Reader Scrvice Card.

Resonators
ruggedized devices

PriLazoN LaBoraTorigs, Inc., 90
Hopper St., Westbury, L. ., N. Y.
Ruggedized to take vibration and
15 G 11 millisec shock, new MJ
scries miniaturized tuning fork res-
onators will operatc with either
transistors or tubes. Thev are avail-
able in frequencies from 400 to
2,200 cps, and in 0.01, 0.02 or 0.05
pereent overall accuracy ratings over
~55 C to +85 C operating tem-
perature range. Accuracics are un-
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affected  while opcrating  under
rated vibration of 5.0 G’s to +0
cps, 0.060 in. displaccment 40 to
55 ¢ps, 2.0 G’s above 55 cps to 45
percent of fork frequency. Hermeti-
cally sealed evacuated units are 1¥ in.
by 1st in. by 2§ in. high and weigh
4.5 oz. Circle 210 on Reader Serv-
ice Card.

Back Current Tester
for semiconductors

Trans Frecrrowics, Inc., 7349
Canoga Ave., Canoga Park, Calif,
has available a new test unit for
back current, saturation or reverse
testing of germanium or silicon
semiconductors. Model BT1 has
four output voltages up to 0-1,000
v, cachi presettable within its range.
Linc regulation and load regulation
arc better than 0.1 percent; ripple
is less than 0.1 percent. Price of
the unit is $575. Circle 211 on
Reader Service Card.

Delay Lines

subminiaturized

NYT Erecrronics, Inc., 2979 N.
Ontario St., Burbank, Calif. A
standard new series of delav lines

BAUSCH & LOMB
ew - S
OPTICAL GAGE

Direct scale readlng to .0001“

O' to 3’ range...accurate to .000025""!

FAST, EASY AS A-B-C!

37l o0 be measured on anvil , . . no mas-
VRN o v o A Just set part t
y .! == ters or set gages needed. Large work table makes
it easy to adapt special fixtures, accommodates
widest variety of work.

8 Turn knob to lower spindle . .. it will stop auto-
matically on contact, with constant spindle pres-
sure,

€ See precise measurement at a glance. .. direct-
readmg scale is illuminated, magnified. No eye-
strain, no conversion, no guesswork Depend-
able measurement of depth, thickness, height,
diameter, taper, angularity of surfaces, runout.

ONLY $695 COMPLETE

=== Distributed in the U.S.A. through the DoALL Co. —-——l

, Tt N | On-the-joh demonstration! BAUSCH & LOMB OPTICAL CO. |
are ultra-compact in size, and mect 70931 St. Paul St., Rochester 2, N. Y. i
the quUiremcnts of MIL-C- o I'd like a free on-the-job demonstration of |
153054, grade 1, class B. As a THE COUPON TODAY! D ot DR.25 Outical Guse, with no |
measure of their compactness, the obligation on my part. }
1.0 psec, 1,000-ohm line has a de- [J Please send Catalog D-285. 1
lav-bandwidth product per cu in. 1
of over 7.5. Molded in Cpoxy BAUSCH & LOMB PLIED S - “ T |
resin, units are supplied in square smcz?nsa Company .. L. Title ... {
and tubular configurations for me- D = i © e SE |
chanical versatility in p-c applica- | f Sty e S e NS SESL -
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% The Marconi 20-Mc Sweep %
/ Generator can be used in con- /
| /
% junction with any oscilloscope /
7 /
% for direct display of video res- %
% ponse characteristics up to 20 - Z
/ Mec. The instrument is designed Response 7
% for precise measurement. Fre- ’ %
/ /
% quency is indicated by crystal- %
/ controlled marker pips; and a ; ! 20 Mc /
% special circuit provides for dif- ! Frequency ! %
/ /
Z ferential amplitude measurements, enabling relative response to be determined Z
% with a discrimination better than 0.01 dB. %
/ .
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% .
’

% MARCONI 20-Mc SWEEP GENERATOR %
% TYPE 1099 Z
/

% _
% Abridged Specification Z
% Frequency Swept Output: Fre- %
/ .
/ quency Range : Lower iimit 100 %
% ke, Upper limit 20 Mc. Output %
% level : Continuously variable %
/ from 0.3 to 3 volts. Output /
/ : /
/ Impedance : 75Q. Time Buse: %
% Repetition Rate: 50 to 60 cps. %
% Output for c.r.o. X deflection : %
/ 250 volts. Frequency Markers: /
_ : : /
/ At | Mc intervals; every fifth /
% pip distinctive and crystal con- %
% trolled. Tubes: 6AKS, 6BHS, %
% 5763, 6BJ6, G6CD6G, G6BEG, %
% 12AT7, 12AU7, 6C4, SV4G, %
Z OA2, 5651. Z
_ |
% Send for leaffer B124/A. Z
. .
7~ 7

-

% %
%

/

/

MARCONI iindnal
INSTRUMENTS NEW JeRseY .

Tel: LOwell 7-0607 Z

.

- .
: /
7 .
. .
% CANADA : CANADIAN MARCONI CO -« 6035 COTE DE LIESSE + MONTREAL 9 %
. | .
. MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS + ENGLAND %
%
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tions, or stacking on common
mounting screws. Units can be
stacked in series to give higher de-
lavs, or tap-off points used to give
lower delays. Circle 212 on Reader
Service Card.

Sweeping Oscillator
high output

Kay Erecrric Co., Maple Ave,,
Pine Brook, N. J. The Vari-Sweep
model 400 has a wide range of
continuous  frequency  coverage,
from 15 to 470 mc combined with
a measure of accuracy and a level
of performance previously associ-
ated with limited, fixed-frequency-
band oscillators onlv. It provides
frequency sweceps that arc flat, wide,
and linear. Its r-f output voltage
is high enough for testing lossv
networks without using additional
amplifiers, and throughout the
range it is a fundamental frequency
held constant by a fast-acting agc
circuit. Circle 213 on Reader Serv-
icc Card.

Analog Computer
expandable unit

Mim-Cextury INstruMmaTic Corp.,
611 Broadway, New York City,
N. Y. Model MC-5800 precision

July 18, 1958 — ELECTRONICS engineering edition



master analog computer compriscs
48 opcrational amplifiers. The basic
computer cmploys expanded unique
circuit logic so that a purchased
computer may be expandced in the
field on a building-block basis
without rewiring or mechanical
modification. Expansion mav be ac-
complished with respect to func-
tion as well as size. ‘The computer
also has a packaging feature. It
may be nstantly “unzippered”
from the confines of its cabinet for
unobstructed access during main-
tenance. Circle 214 on Reader
Scrvice Card.

Transformer
withstands 2,000 v rms

Cuicaco StaNparp TRANSFORMER
Corr,, 3501 Addison St., Chicago
18, III. Model P-6463 filament
transformer is designed cspecially
for use with the Fimac 4CX1000A
transmitting tube. It provides cen-
ter-tapped secondaries of 6.0, 6.5
or 7.0 v, at 13 amperes. Primarv is
117 v, 60 cps. The unit is designed
to withstand 2,000 v rms. It mcas-
ures only 248 in. by 32 in. by 33
in. higl. It has 2% in. by 2H .
mounting ccnters. Circle 215 on
Reader Service Card.

Monitoring System
detects radiation

Rices NucLeonics Co., 2390 Olive
Ave., Altadena, Calif. Model GA-

|
|
|

.profitable '*do-it-yourself"'

Jook what *2€RE2 buys

in test equipment!/

HEATHKITS
GIVE YOU
TWICE AS MUCH

equipment for
every dollar
invested

The famous model V-TA Vacuum-
Tube-Voltmeter is a perfect
example of the high-quality
instruments available from Heath
at ¥4 the price you would expect
to pay! Complete,

only ’24-62

Get the most out of your test equipment budget by utilizing HEATHKIT
instruments in your laboratory or on your production line. Get high
quality equipment, without paying the usual premium price, by dealing
directly with the manufacturer, and by letting engineers or technicians
assemble Heathkits between rush periods. Comprehensive instructions
insure minimum construction time. You'll get more equipment for the
same investment, and be able to fill your needs by choosing from the
more than 100 different electronic kits by Heath. These are the most
popular "'do-it-yourself’* kits in the world, so why not investigate their
possibilities in your particular area of activityl Write for the free
Heathkit catalog now!

Contains detailed descriptions < FREE catalog

of Heathkit models available,
including VTVM's, scopes, Mall coupon below for
generators, testers, bridges, your copy—Now!

power supplies, etc.

HEATH COMPANY
A SUBSIDIARY OF DAYSTROM, INC,
BENTON HARBOR 14, MICHIGAN

Name R
Address
City & 2

Also describes Heathkit ham s

gear and hi-fi equipment in

kit form. 100 interesting and State

projectsl
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FC-2-XPF
Short leads—
0.2” grid spacing

! ’TJW
¢ 125°C. Ambient...

()/Power and Low
| Level Switching

Actual size photos

Y30 G Vibration

AT 2000 CYCLES

FC-2-XLF
Llong leads—
0.2” grid spacing

FC-2-XHF
Hook leads—
0.2” grid spacing

NEW! FC-2
DC RELAYS

Subminiature,
hermetically-sealed types

These new FC-2 types are the latest
development in high reliability missile
relays — designed and produced by
Struthers-Dunn, the pioneers in mini-
ature, hermetically-sealed relays.

30 G vibration at 2000 cycles and
50 G shock specifications are readily

met, as well as other requirements of
MIL-R-5757C and MIL-R-25018.

] | Write for Struthers-Dunn DATA BULLETIN FC-2

= STRUTHERS-DUNN, Inc.

Pitman, N. J.

Makers of the world’s largest assortment of relay types

Sales Engineering Offices in: At'anla - Boston » Buffalo « Chicago » Cincinnati
Cleveland - Dallas - Dayton - Detroit - Kansas City - Los Angeles - Montreal « New
Orleans « New York « Pittsburgh + St. Louis + San Francisco - Seattle « Toronto
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3B is a completely self-contained,
batterv-operated independent radia-
tion monitoring svstem. System
consists of a control unit with meter
relav, manual resct, 3 or 6 decade
log scale, calibration controls, elec-
tronic calibration test adjustments
and 10 mv recorder output. It will
measure, display, record and con
trol alarms for gamma radiation
from background 0.025 mr/hr to
100 kr/hr or higher in thc energy
range from 80 kv to 1.3 mev.
Circle 216 on Reader Service Card.

H-V Power Supplies
in 19 models

BeTta ELrectric, Division of Soren-
sen & Co., Inc., Richards Ave.,
South Norwalk, Conn. Series 7000
h-v a-c power supplies are available
in 19 models, operating on 220 or
440 v, 60 cps, single-phase inputs,
with output voltages ranging from
0-25 to 0-150 kv, at 5 to 100 kva.
The rugged two-section units have
a continuously adjustable automatic
rate of rise in conformance with
ASTM standards, so that they can
be used for dielectric testing in ac-
cordance with ASTM specifica-
tions. Circle 217 on Reader Serv-
ice Card.

Dehydrator
pressurized

Tue LEwyr Mrc. Corp.,, 43-22
Qucens St., Long Island City 1,
N. Y., has developed a new, long-
life pressurized-dehydrator for use
in  conjunction with electronic
equipment. The machine increases
the reliability of high power radar
equipment as it removes moisture
from the air used to pressurize the

1958 — ELECTRONICS engineering edition



waveguides of the cquipmient.
Capable of opcrating under ex-
treme temperaturc and hwunidity
conditions. the unit first dehvdrates
air and then compresses it before
discharging it ito the electronic
cquipment. ‘The unit’s operation
is particularlv cffective for ship-
board usc. Circle 218 on Reader
Service Card.

39““G“€

Logic Package
for multiple uses

Seracve Frecrric Co., 35 Mar-
shall St., North Adams, Mass. Tvpe
200C9 transistorized multiple logic
package introduces a new concept
to computer design work.  One
single ceramic-base printed circuit
with integral resistors and capaci-
tors can be used as a flip-flop, pulse
gencrator, or gating, amplifving,
clipping, shaping, or dclaving cir-
cuit by simple external connections
to the 9 leads. which have heen
brought out from the p-c network.
Complcte data is detailed in engi-
necring bulletin 6712, available on
letterlhicad request.

et —
==
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Epoxy Bobbins
with leads, shells

R s .

Tuor Ceranrnics, Inc.. 225 Belle
ville Ave., Bloomfield, N.J. an-
nounces a new line of cpoxide
resin bobbins with Teads and shells
for cncapsulation. Qutstanding ad-
hesive qualitics make these minia-
ure forms ideal for hermetically
scaling wirc-wound resistors. Fabri-
cated from thermosetting epoxide
resin, it has excellent phvsical and

ELECTRONICS engineering edition — July 18, 1958

NEW CONCEPTS
IN TR TUBES...

MA338 is typical
of these

new tubes.

It is a significant
advance over
the conventional
6334.

Microwave Associates now offers guaranteed crystal
Drotection for entire life of tube . . . even under full
power and elevated temperatures.

Out of Microwave's Switching Devices
Laboratory, directed by Dr. Lawrence
Gould, comes an important advance in
duplexer tubes.

NEW KEEP-ALIVE DESIGN with new rugged-
ized windows and new stable gas fill
maintains spike and flat leakage powers
within specified limits over a wide tem-
perature range.

Duplexer loss plus interaction plus noise
generation from keep alive are controlled
within tight limits as specified by the
system overall noise figure requirement.

e

MICROWAVE

CIRCLE 90 READERS SERVICE CARD

RETROFIT 1S EASY . . . single and dual
tubes are physically interchangeable
with conventional tubes, or tubes can be
shortened if desired.

Each half of a dual tube is tested indivi-
dually to provide guaranteed performance.
Tubes for applications requiring high
repetition rate and short recovery time
are available.

FOR COMPLETE DATA about these new
TR tubes and other advanced tubes for
switching high powers with guaranteed
crystal protection at any frequency,
write or phone for specific information.

ASSOCIATES, INC.

BURLINGTON, MASSACHUSETTS @ Telephone: BRowning 2.3000
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ENGINEERS AND PHYSICISTS

WRITE US

for illustrated brochure
TALENT GROWS AT EMERSON ELECTRIC

EMERSON ELECTRIC

or

8Y. LOUIS

i ¥

L e

This colorful new brochure is a pictorial tour of our
Electronics and Avionics Division, our operations and com-
munity. More imporiant, we sincerely believe it will provide
you with clear, logical reasons why ''talent grows at
Emerson Electrie”’: ours is an expanding company, doing

some of the most advanced work in avionics-electronics—a

"'1-"-.,‘_“’at

medium-size growth company in which people know each

| other and are quick to recognize where ideas come from.

é If you desire opportunity for growth, WRITE TODAY
§ for free brochure and include resumé of your business

and education background. Simply address R. L. Middleton,

Engineering Employment Manager. There is no obligation.

i

Electronics and Avionics Division v

EMERSON ELECTRIC

St. Louis 21, Mo,

,k 8100 W. Florissant

electrical characteristics, high ten-
sile strength, low water absorp-
tion, and a dielectric constant of
3.70 at 60 cps and low loss factor
of 0.009 at 60 cps. They operate
to a maximum temperature of 150
C. Leads may be specified for dif-
ferent lengths and o-d. Circle 219
on Reader Service Card.

Test Chamber
27 cu ft unit

ExvironmeNnTAL EguipnmenTt Co.
369 Linden St., Brooklvn 27, N.Y.
offers a new 27-cu ft altitude, hu-
midity, temperature test chamber
with interior dimensions of 3 ft by
3 ft by 3 ft. Standard test range is

100 I to 4 200 F, 20 to 95 per-
cent RUH. and 100,000 ft altitude.
Greater test ranges, cabinet sizes
and accessories are available. Scnd
for descriptive literature. Circle
220 on Reader Service Card.

Flexible Wire
ceramic-coated

Hrrente Wirgs, Inc., 1200 Shames
Drive, Westbury, N. Y., announces
Ceramatemyp flexible magnet wire
with a conservative duty rating of
1,000 I for continuous operation.
Its 1insulation exhibits  excellent
abrasion and cut-through resistance.
Its flexibility 1s such that it will not
crack when wrapped around a man-
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TELREX LABORATORIES

Designers and Manufacturers of

COMMERCIAL SERVICE
“BEAMED-POWER"” ARRAYS

NEW “T-MATCH"
20 METER
ARRAY

Equipped
with co-
axial half-wave
balun and high effi-

ciency, compen-

sated T-match
section. Designed for 52
ohm transmission line. Pre-
cision tuned, matched and
calibrated for easy assem-
bly at your site.

Telrex is equipped

to design and supply

to our spec fications

or yours, Broad-

band or sinzle
frequency, fixed or
rotary arrays for
communications,

FM, TV, scatter- |
propagation, etc. |

Consultants and
suppliers te
communication
firms, universities,
propagation =

laboratories and the ’
Armed Forces.
; NEW CORNER d
| REFLECTOR
| 4 High-gain,
j/ broagd-baﬁd, uni-
1] ekl B directional ar- ‘f
&! r rays for the 70
=y = n Eo 960”Mctrang.e. ‘ /
and stable Gper = 7 COMMUNICATION & TV
ation under se- ANTENNAS since 1921
vere weather [
concliiti?ns. $t?1bilit¥ :
results fro eren
broad-ban"c} I<r:1harac:- ASBURY PARK 25
} teristic of the design, NEW JERSEY, U.S.A.
Tel. PRospect 3-7252
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NEW
SYNCHRONOUS
TIMERS —

e t-minute timer adjustable in 1 second i)
intervals—0 to 60 seconds. 3-minute
timer adjustable in 3 second intervals—
0 to 180 seconds. 5-minute timer adjust-
able in 5 second intervals—0 to 300
seconds

® No guesswork . . . exact time interval set
by positioning bronze pointer

® Sweep-second pointer provides visual
count-down during timing operation

® Automatic reset returns pointer to start
position after each cycle

® Models interchangeable withrout disturb-
tng mounting base or wiring

® Rugged timing mechanism guarantees
accurate, trouble-free performance

For complete information, write today for
-descriptive bulletin 10336.

CUTLER'HAMMEF!

CUTLER-HAMMER Inc.
1225 St. Paul Ave.
Milwaukee 1, Wis. |

Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory, foreign: Cutler-Hammer International, C. A.
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinenta! Electronics Corporation, Inc

CIRCLE 93 READERS SERVICE CARD
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COAXIAL ATTENUATORS
AND TERMINATIONS

made with exclusive Stoddart
Filmistors for highly accurate
and stable resistive values from
dc to 3000 mec.

| eocpg——

2, 6 and 10-position

TURRET ATTENUATORS
with simple “PULL-TURN-PUSH"'
operation, small and rugged.

Protected under

Stoddart Patents

—~———

ATTENUATOR PADS

Available in any conceivable combina-
tion of male and female Type C and
Type N connectors. Maximum length of
3” for any attenuation value.

GENERAL SPECIFICATIONS

VSWR: Less than 1.2 to 3000 mc.
Characteristic Impedance: 50 ohms.
Attenuation Value: Any value from 0 db
to 60 db including fractional values.
Accuracy: +0.5 db; values above 50 db
have rated accuracy of attenuation
through 1000 mc only.

Power Rating: 1.0 watt sine wave.

—~————

COAXIAL TERMINATIONS

F
Small-stable-50 or 70 ohms

th-Watt: 50 ohms impedance, TNC or
BNC connectors, dc to 1000 mc, VSWR
less than 1.2.

1-Watt: 50 ohms impedance, dc to 3000
mc or dc to 7000 mc, Type N or Type C
connectors, male or female; VSWR less
than 1.2, 70 ohm, Type N, male or
female terminations available.

Fast delivery on all items.
Send for complete literature.

HOllywood 4-9292
CIRCLE 94 READERS SERVICE CARD
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STODDART

STODDART

AIRCRAFT RADIO CO.,
6644 Santa Monica Blvd., Hollywood 38, Calif.

INC,
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DIRECT
READING

RF LOAD-
WATTMETERS

MODEL 612 These popular direct

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

They are portable
and extremely useful
for field or laboratory

testing . . . checking
installation of trans-
mitters . . . trouble
shooting . . . routine
maintenance . . . pro-
duction and accep-
tance tests . . . trans-

mitter tune-ups . . .
measuring losses in
transmission lines. ..
testing coaxial line
insertion devices such
as, connectors,
switches, relays,
filters, tuning stubs,
patch cords and the
like . . . accurately
terminating 50 ohm
coaxial lines, and . . .
monitoring modula-
tion by connecting
phone, amplifier or
audio voltmeter to the
DC meter circuit.

Power scales for
| Model 61 Special are
~ § made to meet your

. . 5
2 requirements.

‘ WRITE FOR BULLETIN TW606

SPECIFI1CATIONS

RF INPUT IMPEDANCE: 50 POWER RANGE: Model 611— RADIATOR STRUCTURE: All
ohm nominal. 0-15, 0-60 watts full scale. Aluminum,

Model 612 —0-20, 0-80 watts
VSWR: Standard specification full scale. FINISH: Bird standard groy
1.1 to 1 maximum over oper- baked enamel.
ating range. INPUT (.:IONNECTOR:

y | Female "N WEIGHT: 7 pounds.

ACCURACY: 5% of full scale.

EXTERNAL COOLING OPERATING POSITION:
INTERNAL COOLANT: Oil. METHOD: Air Convection. Horizontal.

OTHER BIRD PRODUCTS

e —— ' I C——
‘ N
AR Sl

d
:
W

() i il
l

A
“Thruline”’ ‘‘Termaline’’ Coaxial Coaxial

Directional RF Load Resistor RF Filters RF Switches
RF Wattmeters

" BIR ELECTRONIC CORP.

EXpress 1-3535

af &
! : ? 1800 E. 38 St., Cleveland 14, Ohio
)‘“ Western Representatives: VAN GROOS COMPANY, Woodland Hills, Calif

drel just three times its own diam-
eter. Nickel clad copper conductors
are being coated in single and
heavy thicknesses, in sizes 20 to 30
Awg, with expanded size range cx-
pected in the near future. Circle
221 on Reader Service Card.

UHF Blade Antenna
meets MIL-T-5422C

Dor~NE & MARGOLIN, INc., 29 New
York Ave, Westbury, L.I, N.Y.
Type DM C7-2 antenna is a direct
replacement for the AT-256/ARC
antenna on high performance air-
craft. Drag at Mach .9 and 25,000
ft for the AT-256 is 17.5 Ib while
for the DMC7-2 it is less than 3
Ib. The new antenna operates in
the 225 to 400 mc band for use
with communication and data link
equipment. [t is a high strength
swept-back aluminum blade that
extends just 73 in. from the air-
craft skin. It can withstand more
than 8 1b per sq in. lateral static
load. Circle 222 on Reader Service
Card.

Power Supplies

for radar use

PerxkIN EncINEERING Corp., 345
Kansas St., El Segundo, Calif., an-
nounces two new LllI’])Ol’ne l'ﬂd'dl’
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ROCKET PROPELLED TEST VEHICLES
® STRUCTURES ® MECHANICAL DESIGN

General-Purpose Test Vehicle

® AERODYNAMICS ® MANUFACTURING

® PROPULSION SYSTEMS @ FIELD TESTS

IRCRAFT
RMAMENTS, INC.

Cockeysville, Maryland
A SUBSIDIARY OF UNITED INDUSTRIAL CORP.

Rocket Test Sled, Nike Hercules Missile Warhead

CIRCLE 96 READERS SERVICE CARD

Eliminate Voltage Adjustment and Meter Reading with

NEMS - CLARKE PM206/PM 216
PREAMPLIFIER-MULTICOUPLER

SPECIFICATIONS

Pass Band
{PM-206) ......215-245 Megacycles

Pass Band
{PM-216) .225-260 Megacycles

Uniformity of response..Within 3 db
Gain .....20 db in Pass Band

Impedance....Designed to operate in
a 50 ohm system

Noise Figure............Better than 6 db
Isolation .37 db minimum

Tube Compliment.... ... 1-6280/416B Our PM206/PM216 Preamplifier-Multicou-
3-5842/417A
1-5651

L9 x 77 ox 162
Types of connection.........  Type C

plers have self-contained power sugplies.
The recessed panel construction ~protects
patching cables.  Units are designed to
connect six receivers with oné antenna.

(Other types available on request) Rugged construction assures long-life. ‘

Visit us at the WESCON SHOW e Booth 1556

N EM LARKE COMPAINTY

|
|
D!YISION OF VITRO CORPORATION OF AMERICA .

=
919 JESUP.-BLAIR DR! = SILVER SPRING. MARYLAND . JUNIPER 3.1000

CIRCLE 97 READERS SERVICE CARD
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PRECISION
DEFLECTION

WITH

COSSOR YOKES

Slip Ring Yoke . < '
i Two-Azxis Fixed Yoke
Component Development
Engineering at its BEST!

® ADVANCED ELECTRICAL DESIGN
® PRECISION MECHANICAL DESIGN
® ACCURATE PRODUCTION METHODS

Custom Built to the most
Exacting Specifications
by Cossor Engineers

In Mumetal Cores for Opti [ v
In Ferrite Coros for Speed and Sensitivity
In Non-magnetic Cores for Perfection of Response

Any of Cossor’s Three Core Types can be

made in single or double axis with single or

ush-pull windings, and encapsulated for
ixed or slip ring (rotating) use.

Nofmal characteristics of yokes for 1-1/2 in.
‘ neck tubes are:

Positional accuracy - the spot position will con-

form to the yoke current

co-ordinates within 0.259%,

: of tube diameter. For de-

flection angles less than

E + 257 better accuracy can
3 easily be achieved.

Memory - 0.5% max. without over-
swing;
0.19, or less with controlled
overswing.

Complete encapsulation in epoxy (stycast) or

silicone resins is standard for all Cossor deflecion

i .yokes, and is done with special moulding tools

ensuring accurate alignment of the yoke axis. When

slip rings are added, solid silver rings are mounted

in encapsulating resin. The finished slip ring yoke

s precision turned to centre bore, and can include

bearing mounting surfaces with dimensional toler-

ances app: hing those table with high quality
metal parts,

Settling Time {(Micro sec.) = y
- 120 YInductence in Henries

Beiisiei s i1 N

degrees]
lnduct-ﬂcgmilhho:;zu
Accelarator Voltage - kV

%%ﬁ e

COMPONENTS DIVISION

COSSOR

CANADA LIMITED

301 Windsor St., Halifax, N. 8.

8230 Mayrand St., Montreal, Que.

648A Yonge St., Toronto, Ont.

Corporation House, 160 Laurier West, Ottaws, Ont.

CIRCLE 98 READERS SERVICE CARD
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e R-F RECEIVER DESIGN
eINERTIAL NAVIGATION

Two of many areas in Avionics
in which Bell Aircraft has openings
for qualified electronics engineers

Particularly good opportunities are now available for
engineers with radio frequency experience in the 100
kilocycle to 35,000 megacycle range with emphasis on
transistorizing of circuits...and for those with experi-

ence in inertial instrumentation design and evaluation.

Present openings include assignments in:
e Pulse and Digital Coding

Identification Systems
Electronic Counter Measures e b
Landing Systems
Digital Computers

Precise Instrumentation Development

These assignments embrace a wide range of high level
design and development problems which will afford full
scope lo your crealive ingenuity with unusual oppor-
tunities for rapid advancement and profes-
sional recognition. Salaries commensurate
with your background, good living and work-
ing conditions, and liberal benefits. Please
write: Supervisor of Engineering Employ-
mnent, Dept. H-33, BELL AIRCRAFT CORPORATION, P. O.
Box 1, Buffalo 5, N. Y.

power supplies. Model M763 pulse
generator opcrates from a 13.8 v
120 ma 400 cps a-c input and pro-
vides 120 v peak minimum, 320 v
maximum. Model M740 is a h-v
d-c power supply providing 8 kv at
100 pa from 115 v, single phase,
400 cps a-c input line. Regulation
is 5 percent no load to full load.
Both units are completely encap-
sulated. For further information
write on company letterhead.

New Rotor
for s-p switches

Tue Davex Co., Livingston, N. J.,
has developed a special new rotor
which will break up to 5 amperes
a-c resistive load at 115 v. The spe-
cial rotor is now available on all
the company’s single pole switches.
The new unit may be had in three
sizes. The 13 in. size can be se-
cured on a s-p unit with up to 32
positions, make-before-break (short-
ing). The 24 in. size is available
with up to 48 positions, make-be-
fore-break (shorting). And the 3
in. size is available with up to 60
positions, make-before-break. Circle
223 on Reader Service Card.

Digital Amplifier
for airborne use

Epsco, Inc., 588 Commonwealth
Ave., Boston 15, Mass., has avail-
able an airborne subminiature digi-
tal tape recording amplifier. De-
signed for use in airborne data
acquisition systems, the Minidrive

July 18, 1958 — ELECTRONICS engineering edition



FOR HIGH VOLTAGE SHIELDS, COVERS,
HOUSING AND SPECIAL APPLICATIONS

Easiest way to solve a customized can problem is to have :555{\
OLIVE CAN COMPANY ‘tackle it”! OLIVE CAN has
produced an endless variety of millions upon millions of
customized cans for the electronic industry. This unique
and specialized service has made OLIVE CAN the accepted
leader in its field. 16 years of engineering and production
““know how'’ plus complete design and tool room facilities
coupled with high-speed, automatic machinery have
resulted in amazing economies for leading manu-
facturers nation-wide. Why not let OLIVE
CAN do the same for you?
Write today for information and quota-
tion o your requirements,
No obligation.

an
Ry o
Pty L9

(o

4700 North Oketo Avenuve ¢

IVE CAN COMPANY

Chicago 31, lllinois + UNderhill 7-7474

ORIGINATORS OF LOW COST, HIGH VOLTAGE HOUSINGS FOR THE TV INDUSTRY

Silicone Coated

RESISTORS

5 TO 50 WATTS e FIXED AND ADJUSTABLE
HiIGH PERFORMANCE e LOW COST

Your inquiry or drawing will bring quotations
—samples on request

MILWAUKEE RESISTOR CO.

702 W. Virginia Street o Milwaukee 4, Wisconsin
CIRCLE 101 READERS SERVICE CARD

e 50 OHMS o 1 WATY

e DC TO 10 KMC

COAXIAL TERMINATIONS
[ 535-MN|

Model 535-FN
PSR w—
<

| 535-FN | “N " Female

Type 535 terminations aiso avallable In type
“TNC'', '"'SC’’, "“BNC'", and ''C'' connectors.

Model 535-MN

Weinschel Engineering
KENSINGTON, MARYLAND
CIRCLE 102 READERS SERVICE CARD
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Using
Thermistors

Edited by
FENWAL ELECTRONICS

New Experimenter's
Thermistor Kit

Now it’s easier than ever to choose the
thermistor best for your application!

New Fenwal Thermistor Kit No. G200
can be purchased for experimental work
and use in circuit design. It contains a se-
lection of 12 thermistors — 2 glass probes,
3 beads, 2 discs, 3 rods and 2 washers.
Price is only $19.95 f.0.b. Framingham,
Massachusetts.
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Complete technical data provided
with each thermistor right on its individ-
ual package. Information includes: ratio
of resistance at 0°C and 50°C; dissipation
constant; time constant; typical E-I
curve; typical Resistance-Temperature
curve; actual resistance at 5 specific tem-
peratures; plus current, voltage and tem-
perature parameters.

To order Fenwal Thermistor Kit No.
G200, write — FENwaAL ELECTRONICS,
INC., 26 Mellen St., Framingham, Mass.

 Fenwal

Electronica

Design — SEngineering — Production
of Precision Thermistors
CIRCLE 103 READERS SERVICE CARD
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/A COMPLETE
SHAKER SYSTEM

for less than $5

00

THE o
GOODMA NS
) RANGE
MODEL V47 SHAKER MODEL 3904
Force to 21b. F( ; i@ggl’b
Frequency to 10 ke/s l;équént:/y *

to 4kc/s

BDEU

! : fceto ’0 b,
MODEL D5 FAT ey requency
POWER | WSS ’ [@5090/,5)
OSCILLATOR ‘

Power output to SW.

Frequency 10¢/s to 10 ke/s MD/ ng
t

\
GOODMANS, Europe’s foremost manu- Fl'egﬂ/eﬂcy
facturers of Shakers, have expanded their t\ﬂ 1 kC/S -
production facilities to ensure prompt delivery
to all parts of the North American continent.

GOODMANS Shaker Systems play an increasingly

Vi

important part in the world’s missile and electronic Mouﬁ. 1
industries. Applications include calibration of accelero- Fof'ce tﬁ 400“’
meters, environmental testing of aircraft and missile

components, actuation of servo valves, and testing of FI‘Q Pﬁy‘
hair springs. ( to 4 00[3
Call or write now for full details of this precision

enginecred equipment. \)

USERS OF GOODMANS EQUIPMENT INCLUDE

U.S. Navy @ The State University of New York e Washington

University @ Oxford University @ The University of Maryland 000 N,
® Rutgers University @ Massachusetts Institute of Technology @ e 2 g——
General Dynamics Corporation @ Mullard Litd. e Jaguar Cars MQDELW
® Rolls Royce Ltd. po\'wer ﬁoutpllt
(’ - ">\\~, ‘\\ | 120w
& e AR 0 |
SOLARTRON cls o 100
el NG/ me. 10¢/s to 10li)jcs
! ~ - 1 {
.~ _:._\_:*,<:__ "_. {_ U
® EASTERN DIVISION ® WESTERN DIVISION
SOLARTRON INC. SOLARTRON INC.
530/2 COOPER STREET, 10761 BURBANK BOULEVARD,
CAMDEN 2, N.). NORTH HOLLYWOOD, CALIF.
Phone: Woodlawn 4-3039 Phone: Stanley 7-5081

CANADIAN ENQUIRIES TO :
GD52 Nickam Instruments & Supply Ltd., 99 Floral Parkway, Toronto 15, Ontario. Phone: Cherry 4-419)

provides for 14 channels of pulse
data recording on magnetic tape.
The completely transistorized unit
will meet all specifications and will
operate reliably over an ambient
temperature range of —55 C to
+71 C. Size is 21k in. wide by 6 in.
high by 204 in. long; weight, ap-
proximately 14 1b including internal
power supply. Circle 224 on Reader
Service Card.

Analog Computer
desk-top type

EnciNeeriNG SpeciaLTy Co., P. O.
Box 19, Sugarhouse Station, Salt
Lake Citv 5, Utah. Model AC-2
analog computer unit includes com-
ponents, 10-turn coefficicnt poten-
tiometers with counting dials, am-

plifiers, initial condition  volt
sources, diodes, hold and initial
condition vprovisions, two volt-
meters, problem board, patch cords,
and self-contained power supply—
all mounted in a desk top cabinet
with a fan and filter to provide
proper air circulation. Circle 225
on Reader Service Card.

Purifier
for argon-helium

Liguip MeTaLs, INc., Box 266
Westford, Mass., has developed an
argon-helium purifier. Total im-
purity content is in the range of
1 part in 100 million to 1 part in
10 billion. A wide range of sizes is
produced from the laboratory model
(3 cu ft/hr) to the production

130 CIRCLE 104 READERS SERVICE CARD July 18, 1958 — ELECTRONICS engineering edition



model (6,000 cu ft/hr). Circle 226

on Reader Service Card.

Directional Coupler
precision unit

Amrtron Corp., 17 Felton St
Waltham 54, Mass., announces
the model JP 400 mc precision
coaxial directional coupler. It pro-
vides a forward output which is
50 = 0.3 db down from thc for-
ward power in the 33 RETMA line
at center frequency, and a reflected
output which is 40 = 0.3 db down
from the reflected power in the 33
line. Coupling varics slowly with
frcquency, being 3 db down at 0.8
and 1.2 f,, 1 db down at 0.75 and
1.25 f,, 3 db down at 0.5 and
1.5 f,. Circle 227 on Reader Serv-
ice Card.

Flight Simulator
for test purposes

J. \V. Frcker, Inc, 6592 Hamil-
ton Ave., Pittsburgh 6, Pa., has in
troduced 3-axis flight simulators for
testing the mechanical and elee-
tronic inertial guidance asscmblies
and components of missiles and
aircraft. Thev are ruggedlv built to
minimize structural resonanccs.
Units are available for a wide range
of load capacities. Specds of up to
50 cps arc 