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Designers of complex military and industrial equip-
ment fully appreciate the need for extremely reliable
components. For over a decade, UTC has been devoting
constantly increasing manpower and dollars in the
search for increased transformer and filter dependa-
bility. Investigation and analysis have been related to

M
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RELIABILITY
UNDER

ADVERSE ~a

ENVIRONMENT

As a feader in the produc-
tion of extremely miniatur-
ized components, UTC is a
natural source for missile
applications. Add to this the
need for top reliability under
adverse environmental condi-
tions, and one can see why
UTC units have been chosen
for almost every missile
from the Sidewinder to the
Jupiter to the Atlas; our satel-
lites, and project Mercury.

-

RELIABILITY
TO NAVIGATE...
CONTROL ... COMMUNICATE

Manufacturers providing principal electronic

FIRST CHOICE FOR

the life testing of large numbers of units to failure, plus
thousands of wire-insulation-impregnant-potting and en-
capsulating systems. This program has resulted in
proven materials, methods of structure and full quality
controls which assure in UTC units an overall degree of
reliability unequaled in our industry.

RELIABILITY TO DESTROY

A vital factor in second generation missiles is the sure ability
to destroy the missile should something go wrong. UTC
high reliability transformers were first choice for Ramo-
Wooldridge in the design and production of their 4 pound
AN/DRW-11 “command destruct” receiver which provides UHF
FM signals to three command channels.

omnirange, intercommunication equipment,

gear for the B-58 chose UTC for optimum
miniaturization with maximum reliability under

Special Units e i renabinty uts: e found i
tO YOUf virtually all applications such as Tacan,
Specifications NITED

or 1000 Stock items

... with UTC
High Reliability

General Filter

Catalog G

Catalog F

PACIFIC MFG. DIVISION: 4008 W.

and fire control. The high inherent quality
tevel of UTC airborne components is illus-
trated by over 19,000 units being shipped to
one customer . . . then fully tested . . . with
zero rejects.

TRANSFORMER CORP.

150 Veorick Straet, New York 13, N. Y.

JEFFERSON BLVD., LOS ANGELES 16, CALIF.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.

CABLES: “ARLAB"



electronics

MARCH 25, 1960

A McGRAW-HILL PUBLICATION
Vo!l. 33 No. 13

JAMES GIRDOWOOD, Publisher

W. W. MacDONALD, Editor

JOHN M, CARROLL, Managing Editor

Senior Associate Editors: Samuel
Weber, Roland J. Charest

Associate Editors: Frank Leary,
Michael F. Tomaino, Howard K.
Janis, Sylvester P. Carter, William
P. O’Brien, John F. Mason, Wil-
liam E. Bushor, Thomas Emma, Sy
Vogel, Lleslie Solomon, M. M.
Perugini, George J. Flynn

Assistant Editors: Michael F.
Wolff, Nilo Llindgren, Stanley
Froud.

Regional Editors: Harold C.
Hood (Pacific Coast, Los Angeles),
Thomas Maguire [New England,
Boston)

Market Research Editor: Edward
Delongh

Buyers’ Guide Editor: George
Sideris

Art  Director: Harsy Phillips;
Howard R. Berry

Production Editor: John C.
Wright, Jr.

Editorial Assistants: Gloria J.
Filippone, Arlene Schilp, Bernice
Duffy, Patricia Landers, Marian L.
Freed, Dolores' A, Fornaro, Llor-
raine Rossi, Virginia T. Bastian

BRUCE A. WINNER, Advertising
Sales Manager. R. S. Quint, As-
sistant Advertising Sales Manager
and Buyers’ Guide Manager. Fred
Stewart, Promotion Manager.
Richard J. Tomlinson, Production
Manager. George E. Pomeroy,
Classified Manager. Hugh J.
Quinn, Circulation Monager

Advertising Representatives: New

York: Donald H. Miller, Henry
M. Shaw, George F. Werner.
Boston: Wm. S. Hodgkinson.
Pittsburgh: David M. Watson.
Philadelphia: Warren H. Gardner,
William J, Boyle. Chicago: Harvey
W. Wernecke, Martin J. Gallay,
Cleveland: P. T. Fegley. San
Francisco: T. H. Carmody, R. C.
Alcorn, Los Angeles: Carl W. Dys-
inger, D. A, McMillan, Marshall
Freeman. Denver: J. Patten. At-
fanta: M. Miller. Dallas: Gordon
L. Jones, Robert T. Wood. Fronk-
furt: Stanley Kimes. Geneva:
Michael R. Zeynel

Issue at a Glance

Business

More U. S. Gear Going Into New British Missiles. Exclusive report. . .32
First Details on SAC Control System. It’s completely automated. .. .36
Future for Fluid Amplifiers? Army discloses new device........... 41

Wage Hearing Starts Tuesday. This concerns components makers. . .44

50-Million-Mile Signals Due. How Pioneer V works................ 49
Crosstalk ........ ot ST 4 25 Most Active Stocks....... 23
Business This Week......... 11 Market Research ........... 26
Washington Outlook ....... 14 Current Figures ........... 26
Financial Roundup .........23 Meetings Ahead ........... 52
Engineering
Engineer examines one of the boat conveyors on new IBM automated
transistor assembler. See p 57............. .. ... ... ...... COVER
Automated Assembly of Alloy-Junction Transistors. Step-by-step
inspection insures high quality.................. By T. J. Leach 57

Uncooled IR Detectors for Long Wavelengths. Possible uses include
intruder alarms and railway hot box detection....By P. W. Kruse 62

Tape Target Classifier Trains Sonar Operators. System provides
realistic underwater sounds for land-based students.
By M. H. Damon, Jr. 65

Industrial Hysteresigraph Uses D-C Integration. Instrument gives
rapid and accurate data....By R. R. Bockemuehl and P. W. Wood 70

Solving Noise Problems in Computer Memories. Strobe pulses
derived directly from sampling core.
By A. H. Ashley and E. U. Cohler 72

Boosting Function Generator Output with Transistors. Relates

ground range to slant height.................... By D. R. Chick 75
Paper and Plastic Film Capacitors. Tabulation of semi-precision
CAPACTEONSE ot . . . Sometie b8 o ot bl o 5 € BT wews s Exr® ¥ 9 4112 By A. Lunchick 78
Departments
Research and Development. Ground-Based Missile Roll Control... .. 80

Components and Materials. Microwave Amplifier Uses Tunnel Diodes. 84

Production Techniques. Sequential Trays Speed Assembly......... 88
On the Market............. 92 Plants and People......... 110
Literature of the Week. . . .. 106 News of Reps............. 113
New Books ............... 109 Backtalk .................115

Index to Advertisers.......118



HOW TO HOLD A JAM SESSION 8 MILES UP -

Vickers active cooling system (inset) uses F'C-75 in countermeasures system

The increasing sophistication of electronic counter-
measures systems poses many problems. Among
them—how to cool vital components at the en-
vironmental and operational extremes encountered
in sonic and supersonic aircraft.

For the Sperry countermeasures system, a new
airborne active cooling system—capable of dissi-
pating 47KW in a 74-lb. package—was developed
by Vickers using 8M Dielectric Coolant FC-75.

This most stable of all fluids offered to electronics
has high electric strength of 37KV. It is self-
healing, and maintains electric strength after
repeated high voltage arcing. It pours at —148°F

MVinnesora \Iining ano \Januracrurine compnuvv/'

...WHERE RESEARCH IS THE KEY TO TOMORROW W\
A}>>‘w<444

CIRCLE 2 ON READER SERVICE CARD

and boils at 212°F at one atmosphere . . . ideally
suited for evaporative cooling.

Compatible with most materials, FC-75 is non-
corrosive, non-flammable, non-toxic, non-explosive
and odorless. It is thermally stable in excess of
800°F, and will not form sludges or gums under
extremely rigorous conditions. These properties
make it ideal as a coolant.

Investigate the remarkable properties of 3M inert
fluids in terms of your own product design,
miniaturization and performance problems. For
free literature write to 3M Chemical Division,
Dept. KAX-30, St. Paul 6, Minn.

CHEMICAL DIVISION

L5 '>>A§§
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NOW —Two important contributions NOE PTG R LYY
N
to printed circuit design |
The Microminiature Kernel
ATE-34 Adjustoroid® and a New Line
of Miniature Encapsulated Adjustoroids
Newest addition to the Burnell Adjustoroid line is the microminiature AT@-; 2 W e e ST »
Kernel® ATE-34 and the miniature ATE-11, ATE-O and ATE-4, One of the : T T
unique features of these new Adjustoroids is a flush slotted head providing — 111;0]“4}1 v TR
-. for ease of adjustment and economy in height. b / Y
- The new microminiature Kernel ATE-34 Adjustoroid and the miniature % /r'i -
“r ATE-11, ATE-O and ATE-4 are variable over a 10% range of their induc- 60 ,l,/ -
tance. Fully encapsulated, they will withstand high acceleration, shock - 50V
- and vibration environments. All of the above meet MIL-T specifications, E.‘ % %
0

27 Grade 4 Class R and MIL-E 15305 A. Write for Stock Sheet AT-34.

ATE  -11.12
KC 2 3 s I0KC 2 3 5 100KC ? s
189 N ]
length/ Useful Max. L. 1 T T
Dia. Hot. Wt, Freq. Range Max. Q in hys 120 f X are 12 7]
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_ - ¥ 30 mny
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ATE-12 34 1%, 750z, 15keto 150 ke 60 ke 1 hy 2 1 } % { H 1o by
ATE-34 244" 214" 1 oz ke to 30 k 55 k T h
/9 Az oz. 3 keto < 2 7 ATE-34 FREQUENCY (KC}
2 3 5 10 2030 50 100 200
PAT. 2,762.020 —
80
1f you haven’t already done so—send for your free membership in the Space Shrinkers Club.
N . ! — 60
. "
Eastern Division ﬂ“ " Pacific Division
wme% @ Dot 22 BRI T ‘o ATE34 A
*y 720. 10 Pelhom Parkwoy - 720 Mission St. L S0 MHY ¢
Pethom, N, Y, South Pasodena, Col. 2
PIONEERS IN microminiaturization OF PElhom 8-5000 MUrroy 2-2841 0 KERNEL—
TOROIDS, FILTERS AND RELATED NETWORKS Feletype Pelham 3633 Teletype Posacal 7578 | i i i
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CROSSTALK . ..

NEW COMBAT CONTROLS. Strategic Air Command’s brain and
nerve system that will weld the Command’s 70 or more aircraft and
missile bases into a single striking force is nearing a new stage of
development. Prime contractor International Electric Corp. (an
organization set up by ITT) is now putting together a prototype
system in two new buildings in Paramus, N. J. The center, called
“Little SACCS” (Strategic Air Command Control System) will be
used for systems engineering and training of Air Force personnel.
Associate Editor Mason visited the center and, on p 36, reports
first details of the $300-million electronic system,

50 MILLION MILES. Any time now—perhaps today—Pioneer V is
shifting transmitters. The U. S. satellite, launched two weeks ago
today from Cape Canaveral, has been using a 5-watt transmitter to
send signals record-breaking distances back to earth. Now a 150-watt
unit is scheduled to come into play, and signal transmissions of
hitherto undreamed of distances will become a reality. The previous
distance record was 407,000 miles. That was set by Pioneer IV, And
it was broken less than a week after Pioneer V soared into orbit.
Now scientists say that in August this country’s record-setting satel-
lite will be communicating to earth from 50 million miles away. All
told, the story is a fascinating one. Pacific Coast Editor Hood has been
living with it from the start, spending hours with scientists at Space
Technology Laboratories in Inglewood, Calif. His story tells about
parametric amplifiers which, for the first time, are being used in the
front part of two ground receivers. Hood’s article is on p 49.

FOR MEN. If you speak the language of electronics engineers, think
you would find it challenging to discuss possible technical articles
with potential authors and also cover the industry’s news, like to
write occasionally yourself and are not above doing some indoor
editing too . . . there may be an opportunity for you on our staff.
In New York. Or Chicago. Write the Editor.

Coming In Our April 1 Issue . . .

SLED-BORNE RECEIVER. Early tests of ejection seats at Edwards
Air Force Base were conducted with a rocket sled and fixed ground
cameras controlled over a 460-Mc radio link. When it was decided
that better results could be obtained by mounting cameras on a sled,
a uhf receiver was developed that could use the existing radio link.
In our next issue, F. M. Gardner and L. R. Hawn of Interstate
Electronics in Anaheim, Calif., describe the completely solid-state
receiver-controller built to operate cameras on a sled. The unit
separates the transmitted subcarriers and reconstitutes the camera-
start and timing pulses which operate relays and flash neon lamps.

GRAPHICAL CONVOLUTION. Fourier transform and related tech-
niques are useful in solving many engineering problems, especially
those in which time-domain functions are related to their equivalent
frequency-domain duties in order to obtain the frequency spectra
of the time function.

Next week, R. S. Smith of Laboratory For Electronics in Boston
reviews the Fourier and convolution integrals and presents an
approach to the graphical solution of the convolution integral in
the frequency domain. This technique, which is demonstrated for a
Doppler radar carrier elimination filter, is especially useful for time
functions that include a series of terms in which the computation
in the time domain is tedious. The technique is also used for prob-
lems requiring an answer in the frequency domain.
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new transistors from Sprague*

SUPER HIGH-SPEED

SWITCHING TRANSISTORS
TYPE 2N301

000000000000000000000000000 920000000000000000000000000O°
(] ® ]
® Typical Maximum Units ® ® P
$ |Rise Time 1) 9 18 = - = Also available as special type 2N501A for &
°® ise lime (t, miise P ® P 34 % °®
[ 3
: Storage Time {t;) 9 12 musec : ps 100° C. maximum storage and :
[ . ) o 4 5 °®
e Fall Time (te) 7 10 musec o ps junction temperatures. =
: In circuit with current gain of 10 and voltage turnoff. : : :
000000000000000000000000000O0 0000000000000 00000000O0COCOCOCOCS

This table tells the story. Sprague Type 2N501 germanium micro-alloy diffused-base
transistors are the fastest mass-produced transistors available anywhere! They are
unexcelled for high-speed computer applications. The ultra-low rise, storage, and
fall time cannot be matched by any other transistor.

Ultra-precise process control in manufacture results in superb and consistent high
quality. The basic electrochemical process of fabrication takes the guesswork out of
transistor manufacturing. The result is outstanding uniformity of product.

Because of the electrochemical process, Sprague is able to fabricate a graded-base
transistor with no intrinsic base region. The Type 2N501 can thus maintain its super
high-speed switching characteristics right down to its saturation voltage, providing all
the advantages of direct-coupled circuitry with no impairment of switching speeds.

Type 2N501 Transistors are available from Sprague now at extremely reasonable
prices. They are transistors you can use today! You need not delay your development
work for the future when you design high-speed switching circuits with Type 2N501
Micro-Alloy Diffused-Base Transistors.

Write for complete engineering data sheet to the Technical Literature Section,
Sprague Electric Company, 35 Marshall Street, North Adams, Massachusetts.

Sprague micro-alloy, micro-alloy diffused-base, and surface barrier transistors are fully
licensed under Philco patents. All Sprague and Philco transistors having the same
type numbers are manufactured to the same specifications and are fully interchangeable-

=
R

SPRAGUE COMPONENTS:

TRANSISTORS + CAPACITORS « RESISTORS

MAGNETIC COMPONENTS « INTERFERENCE FILTERS

PULSE NETWORKS -+ HIGH TEMPERATURE MAGNET the mark of reliability

WIRE +« CERAMIC-BASE PRINTED NETWORKS

PACKAGED COMPONENT ASSEMBLIES
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In 1760, Indian Prince Tepper Sahib trained a
5,000-man rocket corps. Using rocket launchers of the
type illustrated the Sahib repelled a British attack
against his walled city — and started the defeated
British thinking about rockets of their own!

Missiles have become greatly more sophisticated
since the Sahib first broke the British Square. As a
vital part of one of the world’s largest purely electronic
companies, Raytheon Missile Systems Division is mak-
ing great advances in this field. The exciting new Pin
Cushion Project for the selective radar systems missile
identification and the continually being improved
Navy’s air-to-air SPARROW III and Army’s HAWK,
are examples of their outstanding creative work.

R O c K ET c O R P S We are now seeking talented, qualified people to

maintain Raytheon’s leadership in this constantly ad-

vancing field. Raytheon’s Missile Systems Division
I 8 th creates a climate for such talent — perhaps your talent.
3

CENTURY - y

TECHNICAL WRITERS . . . will pre-
pare technical handbooks covering opera-
tion, servicing, maintenance and overhaul
of missile systems. Will also direct creation
of illustrative material and prepare text to
comply with Government specifications.
Minimum two years Technical Writing
experience required. Must have ability to
analyze the most advancéd complex equip-
ments and organize descriptive informa-
tion received from engineering. B.S.E.E.
or B.S. in Physics desirable or four years’
experience in maintenance of radar, sonar,
or other military electronic equipment.
Please reply to Mr. Walter N. Wells,
Professional Personnel, Missile Systems
Division, Raytheon Company, 520 Winter

Street, Waltham, Massachusetts.
1ISWTW

MISS/ILE
SYSTENMS
D/IVIS/ION

—p—

... Creates a climate for talent.
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AGLAS

A NEW CLASS B INSULATION

HAS

HIGH DIELECTRIC STRENGTH

UNDER STRETCH

Natvar Teraglas is a new flexible insulating material com-
prising a base abric, woven from polyester (polyethylene
terephthalate. or “Dacron”) warp yarns and continuous
filament glass fi”eryarns, coated with an improved varnish,
possessing exceptiona[ dielectric strength under elongation.
It will withstand Class B (130°C) operating temperatures.

In view of the higher dielectric strength of Natvar
Teraglas compared to bias varnished cambric, thinner
sections or fewer layers may be used to provide the volt-
age breakdown protection desired. Consequently, at com-
parable tape prices, a significant saving may be realized
in production costs. while permitting up-grading to Class
B (130°C) temperatures.

Natvar Teraglas is available in two thicknesses, .010” and
012" —in tapes, in full width rolls (36”), or in sheets. Ask
for Data Sheet and Samples.

TYPICAL DATA

Electrical Properties:

Physical Properties: o107 0127 |
Approximate wejght | Electric Breakdown Strength
per sq. yd., Ibs. 0.54 62 I (C48-23-50 V/M)

i i Strength
Breaking Strength Warp 45 45 | Electric Breakdown
Ibs./in. width, Filler 100 100 ) (Under 6% st;etch)

lectric B n Strength

Tear Strength, grams Warp Over 1000 Over 1000 | (Euf,zg;clzﬁzasa?:ch) &
Elongation, % (Under 25 10z LS0N L | Power Factor, %, at 80°
Ibs./in. width—3 minutes) 7.5 7.5 | ©-50 v/M-60 c.p.s.

ELONGATION PERCENT

30

20

z
A 010" Black Teraglas T g | U
. 010" Black Teraglas Tape a o
i i 8 0. .010™ Black Teraglas
8. 010" Black Varnished 8ias Cotton Tape 04 = -
©. 010" Black Varnished Straight Cotton Tape ”-/‘ E E. 010~ Black Varnished Bias Cotton Tape
A : - -—\\
’ - ~,
& =) \\\ ™~ 5
& ~4
h
=] ™
S 15 N
s N,
-t o N\
- a L 4
X ] g kY
0 = = 50 -~
] 10 20 20 a0 50 S ~t
Lead—Pounds Pet Inch Width (At One Inch Per Minute Elongation Rate} 3
=
P w2
Trodemork applied for. = 0 s 10 15 20
a

LOAD-ELONGATION CHARACTERISTICS FOR

RESILIENT WEAVE AND

NATVAR BLACK TERAGLAS

8]

010”7
1600

1600
1450

25

>

AN

N\

-

0127

1600
1600
1450

25

Percent Elongation

mJATYAR corrorans

FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORAT
TELEPHONE CABLE ADDRESS
FULTON 8-8800 NATVAR: RAHWAY, N. J.

201 RANDOLPH AVENUE ®© WOODBRIDGE, NEW J
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Natvar Products

® Varnished cambric—sheet and tape
® Varnished canvas and duck—sheet
and tape
® Varnished silk and special rayon—
sheet and tape
® Varnished papers—rope and kraft—
sheet and tape
® Varnished, silicone varnished and
silicone rubber coated Fiberglas*—
sheet and tape
Slot cell combinations, Aboglas®
Teraglas**
I1soglas® sheet and tape
Isolastane® sheet, tape, tubing and
sleeving
Vinyl coated and silicone rubber
coated Fiberglas tubing and sleeving
® Extruded vinyl tubing and tape
Styroflex® flexible polystyrene tape
o Extruded identification markers
*TM (Reg. U.S. Pat. Off.) OCF Corp.
**Trademark applied for.

We will be very happy to supply information
on any of our products on request,
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Select here the
VOLTMETERS. AMMETERS,
Many are

NEW!
@ 403A Transistor ac Voltmeter—1 cps to 1 MC

Battery-operated, weighing less than 5 pounds and small enough to hold
in your hand — this new transistor ac voltmeter measures 100 uv to 300 v
(max. full scale sensitivity 1 mv) over frequencies 1 cps to 1 MC! Twelve
voltage ranges; also reads direct in db from —12 to +4-2 db. 400 hour bat-
tery life equals 6 months of average use; battery voltage may be checked
by front panel switch. Noise less than 50 uv. Completely isolated from
power line or ground interference. Average reading meter minimizes turn-
over and waveform errors. Accuracy + 3% to 500 KC, +-5% to 1 MC. Input
impedance 2 megohms; generous 600 v overload capacity on higher ranges,
25 v maximum on lower ranges. $250.00.

All of these widely useful -hp- instruments are available in rack-mounted
-hp- voltmeter accessories—voltage dividers, coaxial connectors, voltage

- TN - 5=

NEW!

@ 405AR Digital Voltmeter
Automatic range, polarity

Here's true “touch-and-read" measuring simplic-
ity. Automatic range, polarity selection; covers
0.001 v to 1,000 v. (Accuracy + 0.2% of reading +
1 count). New, unique circuitry provides a stabil-
ity of readings virtually eliminating fatiguing
jitter in the last digit. Floating input, multi-
electronic code output for use with digital re-
corders. Uses electronic computing circuits to
insure low maintenance, trouble-free operation,
Just 7” high! $825.00.

Complete array of ac and dc measuring equipment

8 CIRCLE 8 ON READER SERVICE CARD MARCH 25, 1960 - ELECTRONICS



versatile, precision
OHMMETERS you need.
Mmulti-purpose!

&p 400D
10 cps to 4 MC

Regarded by many as finest ac VIVM
ever built. Covers all frequencies 10
cps to 4 MC, extremely sensitive, wide
range, accurate within 2% to 1 MC.
Measures 0.1 mv to 300 v (max. full
scale sensitivity 1 mv), 12 ranges.
Direct reading in v, db. 10 megohm
input impedance with 15 uuf shunt
insures negligible loading to circuits
under test. $225.00.

p aooH
1% accuracy VTVM

Here's extreme accuracy of 1% in a
precision VTVM covering 10 cps to 4
MC. Big 5” meter has exact-reading
mirror-scale, measures voltages 0.1
myv to 300 v (max. full scale sensitivity
1 mv). 10 megohm resistance with 15
uuf shunt minimizes circuit loading.
Amplifier with 56 db feedback insures
lasting stability. $325.00.

(p a00L
Log VTIVM—10 cps to 4 MC

Covering 10 cps to 4 MC, this new hp VIVM
features a true logarithmic scale 5” long plus
a 12 db linear scale. The log voltage scale
plus long scale length provides a voltmeter
of maximum readability, with accuracy a
constant percentage of the reading. Accu-
racy is +2% of reading or +1% of full scale,
whichever is more accurate, to 500 KC, +5%
full range. Range 0.3 mv to 300 v, 12 steps,
{max. full scale sensitivity 1 mv). $325.00.

410B

models! Also, inquire about
multipliers and shunt resistors.

@ 412A Precision
Volt-Ohm-Ammeter

At last a true, precision multi-purpose in-
strument. Measures dc voltage 100 uv to
1,000 v (max. full scale sensitivity 1 mv),
1% accuracy full scale. Measure currents 1
una to 1 amp with +-2% accuracy full scale.
13 ranges. As ohmmeter measures 0.02
ohms to 5,000 megohms. Extremely low
noise, drift. Recorder output provides 1 v
full scale. $350.00.

—unique value, traditional -hp- dependability @

NEW!
(hp 425A Microvolt.
Micromicroammeter

New, high sensitivity, high stability in-
strument reading end scale voltages of
10 uv to 1 v in 11 ranges, or currents of
10 ppa to 3 ma in 18 step, 1-3-10 se-
quence. Accuracy +3% on all ranges.
Drift less than 2 uv under all condi-
tions; very much less under lab con-
ditions. Input impedance 1 megohm
+3% on all ranges. Also usable as 100
db amplifier with up to 1 v output from
signals as small as 10 uv. $500.00,

HEWLETT-PACKARD COMPANY

1004A Page Mill Road <+ Palo Alto, California, U.S.A.
Cable “HEWPACK'" ¢ DAvenport 5-4451
Field representatives in all principal areas

ac to 700 MC, also dc

Time-tested standard all-purpose voit-
meter. Covers 20 cps to 700 MC, full
scale readings 1 to 300 v. Input ca-
pacity 1.5 uuf, input resistance 10
megohms. Also serves as dc VIVM
with 122 megohms input impedance,
or ohmmeter for measurements 0.2
ohms to 500 megohms. $245.00.

5489

NEW!

tp a28A
Clip-On Milliammeter

Employs radical new approach to cur-
rent measurement which eliminates
breaking leads, soldering connections or
loading of circuit under test. Revolution-
ary “current sensing’ probe clips around
wire under test, measures the magnetic
field around the lead. Easily measures
dc current in presence of strong ac. Cov-
ers 0.3 ma to 1 amp in 6 steps; full scale
sensitivity 3 ma. Accuracy +3%, probe
inductance less than 0.5 uh, $475.00,

ELECTRONICS < MARCH 25, 1960
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5-KW FM TRANSMITTER
UTILIZES 4CXS5000A
CERAMIC TETRODE

RCA has recently developed a unique
new 5-KW FM transmitter which
utilizes the new technique of multi-
plexing. This provides simultaneous
transmission of two or more program
channels on the same RF carrier to
meet increased demands of FM sta-
tions for additional program services.

The PA stage of the new BTF-5B
transmitter is composed of a single
Eimac 4CX5000A ceramic tetrode,

10 CIRCLE 10 ON READER SERVICE CARD

NEW, UNIQUE RCA

_— -
e MO A,

-

which produces the 5000-watt output.
This tetrode offers high power gain
and excellent stability to assure faith-
ful transmission of the broadband
multiplex signals.

That's why the 4CX5000A was the
logical choice of discriminating RCA
engineers. Its many exclusive ceramic
design features help to make possible
this conservatively rated, high power,
air-cooled transmitter,

These ceramic extras are now avail-
able in more than forty Eimac tube
types—used in many types of com-
munication, pulse and industrial

equipment.

EITEL-McCULLOUGH, INC.

=N

o/

MARCH 25, 1960 - ELECTRONICS

San Carlos, Callfornia



-

BUSINESS THIS WEEK

Five Companies “Sell” Microminiaturization

Using Present Knowhow, Off-the-Shelf ltems

Component density of 2 million units per cu ft is
being marketed jointly by five electronics companies
in the form of microminiature modules and compo-
nents described as ‘“high reliability, production line,
off-the-shelf” units.

The companies are Aerovox Corp., High-Q division;
Cleveland Metal Specialties Co., Electronics division;
Pacific Semiconductors; Raytheon’s Semiconductor
division; and Sylvania’s Lighting Products division.
They call their approach MICRAM, for “micro-
miniature individual components reliable assembled
modules.”

Modifications of the packaging technique, and the
use of smaller components soon to become commer-
cially available, will provide densities in excess of 8
million components per cu ft, say the companies.

One new component is Pacific Semiconductor’s case-
less mesa microtransistor 15 mils thick by 25 mils
square. The unit’s electrical characteristics—similar
to those of a high-speed switch-—will be announced
next month. Company says engineering samples will
be available in the second quarter of this year, with
pilot production slated for mid-year. The silicon mesa
units will be packaged by surface passivation bonded
film technique. Gold base and emitter leads are two
to three mils in diameter; collector lead is a gold-
plated ribbon.

Missile-Borne Tv Sends Target Pictures

Miniature RCA tv camera and transmitter, which
were inside a capsule that detached from a Redstone
missile last week, transmitted high-resolution pictures
of the area in which the missile was about to land
at the Army’s White Sands range. Still aloft after
impact, it continued to send pictures of ground dam-
age. The successful feasibility test was reported by
RCA Defense Electronic Products and the U.S. Army
Ballistic Missile Agency. Company says a slow-scan
technique produces high-quality still pictures requir-
ing a very narrow bandwidth.

Air Force to Get Solid-State System
Permitting Pilots to Send Digital Data

Air Force has ordered prototype models of a voice-
visual air-to-ground and ground-to-air system that
will permit planes to send canned “book” messages
using digital transmission methods. GE’s communi-
cation products department in Lynchburg, W. Va,
is scheduled to deliver engineering models by the
summer.

The solid-state pushbutton system, called DISCOM

ELECTRONICS - MARCH 25, 1960

(Digital Selective Communications), enables a pilot
to transmit long-range by digital means when voice
transmission is unsatisfactory and to receive his mes-
sages on a display unit.

If voice communication is desired, says GE, the
ground station can automatically connect the head-
phone-microphone in the plane to the proper channel.
System eliminates messages not intended for the plane.

Four-letter aircraft call is used by a ground oper-
ator to set up digital transmission to an aircraft.
Operator feeds plane’s individual binarv code into a
memory device associated with the ground control
monitor. Code is converted to frequency-shift-keying
tones that can be radioed over existing equipment at
split-second rates using very narrow bandwiths.

GE says ground-based gear can send 456,000 aircraft
call signs of four letters each, adds that selective-
calling of specific groups of planes and general broad-
casts to all aircraft can also be accomplished.

ELECTRONICS NEWSLETTER

Video band recorder/reproducer for analog and
pulse signals will be produced by Mincom division of
Minnesota Mining and Manufacturing Co. The com-
pany says it will offer the unit, designated CM-100,
“within the standard instrumentation price range.”
Each of seven video tracks cover 400 cvcles to 1 Me.
At 120 ips it can record up to 1 Mc; at 60 ips, 500 Kc;
at 30 ips, 250 Kc; at 15 ips, 125 Ke. Six speeds are
provided from 7% ips to 120 ips.

Ultra-clean electron gun promising greater power
ratings and longer life in super-power radar klystrons
was reported under development by Sperry Gyroscope
Co. scientists this week at the MIT conference on
physical electronics.

The gun uses a new type of rugged cathode, de-
scribed as an “extended interphase coated cathode,”
that provides electron beam densities far in excess of
1,000 amps/sq cm and promises life cycles exceeding
4,000 hours in long-pulse megawatt radar service.

Sperry says the new gun makes possible much
longer pulses, higher power, and higher peak and aver-
age power ratings needed for greater range and reso-
lution in pulse compression radars. The gun, reported
by Lindsey Anderson of Sperry’s Electronic Tube
division, uses standard cathode coating materials on a
special nickel base. It operates, says the company, in
an ultra-clean environment produced by high-vacuum
techniques which cut processing time from 20 hours
to 2 hours. The gun is understood to be used in new
superpower klystrons under development for military
radars. An experimental magnetohydrodynamic gen-
erator which has produced 2} kilowatts of power and
can run continuously for four minutes was displayed
by Westinghouse last week. The generator burns fur-
nace oil with oxygen at about 5,000 F, converting
burning fuel directly to electricity. Company claims
its MHD unit is the first of “appreciable size” to pro-
duce electric power steadily from combustion of con-
ventional fuel.

n



EP-93C

— -

esinite

no tint vinyl insulation sleeving for MIL-1-7444B

Developed specially for the new ““B’’ revision of
MIL-1-7444, Resinite EP-93C is transparent and color-
less (no amber tint).

This material has all the superior characteristics of
Resinite specification grade insulation sleevings—and
more. Now there is a Resinite material for all types
(transparent, tinted or colored) and all size ranges of
MIL-1-7444.

Your Resinite Distributor has complete information
on EP-93C and other Resinite materials to solve your
insulation sleeving problems. For samples and per-
formance data, write:

RESINITE EP-93C

Smoother, harder surface facilitates installation
Flexible at —90°F

Withstands 185°F continuously

Flame resistant

Fungus resistant

All 3 types and size ranges

Transparent, amber, black, white, red
Exclusive *‘Soft-Wound” spooling assures
full-round sleeving

Resinite® —specialists in vinyl sleevings and tubing for the
aircraft, electronics, electrical and pharmaceutical fields.

Resinite Department, The Borden Chemical Company
1-Clark St., North Andover, Mass., and P.O. Box 430, Compton, Calif.

IFIT'S A %Idgﬂ @c ngmlz’d/ IT'S GOT TO BE GOOD
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When you need industrial tubes fast...to meet a
production schedule or lab emergency...pick up
your phone and call your local RCA Industrial
Tube Distributor. He'll give you priority service
—often same-day delivery.

If speed is your need, and the assurance that
your order will be “followed-up” systematically,
your RCA Industrial Tube Distributor is a man
you can count on. He can fill your requirements
from the broadest line of industrial tubes—RCA
Industrial Tubes.

What'’s more, your Authorized RCA Industrial
Tube Distributor can now offer the designer and
manufacturer immediate delivery of industrial

off the shelf—

he keeps you “on schedule”

Fast
service—

YOUR RCA
INDUSTRIAL
TUBE

1S a
specialty
with

. - -

tubes from his factory-fresh stock.

Keep him in mind. He can help you when you’re
pressed for time, and serve you as a regular, de-
pendable source of supply for your small produe-
tion runs and laboratory requirements.

Consider these extra benefit services: Im-
mediate delivery of new RCA developed types »
practical product information « RCA technical
assistance when you need it - orders filled from
factory-fresh stocks of RCA tubes—noted for
performance and reliability in every industrial
application. Find out all about this benefit-plus
service when you call your RCA Industrial Tube
Distributor today.

RADIO CORPORATION OF AMERICA

® Electron Tube Division

ELECTRONICS + MARCH 25, 1960

Harrison, N. J.

DISTRIBUTOR
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PATHWAYS OF
A PIONEER --

s
A sac

_ DESIGNERS
: AND
BUILDERS

MODERN;
EQUIPMENT

This picture, taken in 1947,
shows o fully-ovtomotic
lonXchanger designed
and built by IWT,

Leading the Way In
De=1 Developments

At the time the IonXchanger shown
above was installed, Illinois Water Treat-
ment Company already had a decade
of design and manufacturing experience
behind it. Many other firms, now sell-
ing in the field, then had yet to cut
their teeth on their first small jobs.

Ash from Corn Syrup

This particular job was especially im-
portant because it pioneered successfully
in one of the many process fields —
other than the purification of water —
where de-ionization was proving practi-
cal. The equipment is still operating at
full effectiveness today in the big sugar
refinery where it serves most economi-
cally to remove ash from corn syrup.

It is significant that IWT had this early

experience in the design of automatic
equipment, and so was ready for_the
widespread trend toward ‘‘automation”
in many industries in recent years.

THIS EXPERIENCE
CAN MEAN A LOT TO YOU

If you are considering the use of ione
exchange for the purification or concen=
tration of chemical products, or if you
need purified water for high-pressure
boiler make-up or process use, be sure
to take advantage o?lWT pioneering ex=
perience and specialized knowledge.
Call your IWT representative.

ILLINOIS WATER TREATMENT CO.
840 CEDAR ST., ROCKFORD, ILLINOIS

NEW YORK OFFICE: 141 E. 44th St., New York 17, N.Y.
CANADIAN DIST.: Pumps & Softeners, Lid., London, Ont.
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WASHINGTON OUTLOOK

SOME 20 ELECTRONICS INDUSTRY representatives will come to Washington
May 24 to discuss export trade problems with the Commerce Dept. The
meeting will be one of a series of conferences the government is holding
with industry groups to solicit views on how to expand U. S. export trade.

The electronics men will be told of U. S. plans for participation in the
major tariff negotiating conference to be held in Geneva later this year
under the General Agreement on Tariffs and Trade (GATT). They will
get the latest word on the relaxation or elimination of foreign quota and
licensing restrictions on U. S. goods.

The government is looking for industry ideas that can be used to guide
official U. S. trade negotiators—in GATT and elsewhere—on the diplomatic
front. Tt also wants to learn in detail what gripes U. S. exporters in their
dealings with foreign markets. This will lead to official U. S. representa-
tions to the foreign nations qn behalf of exporters here.

The conferences are part of a drive to push exports of U. S. goods. As of
now, the new export program campaign stacks up like this.

e The export-import bank will grant limited credit guarantees against
specific political (but not commercial) risks involved in selling abroad.

e Government assistance abroad for U. S. exporters will be increased and
improved in quality.

e The Commerce Dept. will expand information services here for exporters,
seek closer contact with the exporting community, and try to spur business
to organize itself more effectively to compete in foreign markets.

There’s a sour note in the new program already, however. Some officials
and businessmem here are saying the program is too modest to give more
than a marginal boost to U. S. exports. What’s needed, some of them say,
is a solid plan for government financing credits to private exporters. U. S.
exporters are at a disadvantage, industry advisors say, competing against
manufacturers—notably in the capital goods field—from countries such as
West Germany which offer credit guarantees for exporters,

Government experts are concerned over the outlook for electronics exports
this year. They cite the unhappy political situation in Cuba, long a major
market for U. S. electronics, and general monetary problems in other Latin
American countries, as factors which may result in another drop in elec-
tronices shipments abroad.

In 1959, exports of U. S. electronics goods amounted ta about $411 million.
This was roughly 8 percent under the 1958 volume.

@ A new Air Force agency may be proposed to control the management
of a weapon system through all the cycles of its existence—from start
of research through deployment with troops.

Under the current procedure, there’s a break in the management
of a system as it moves from research (Air Research and Develop-
ment Command) to production (Air Materiel Command) to deploy-
ment (the operational command). Some Air Force officials see a
weakness in this system because of what they consider a lack of con-
tinuity in monitoring a major project’s contractors.

A special board of Air Force Generals, headed by Gen. Samuel
E. Anderson, Commander of the Air Materiel Command, is studying
the new plan.

@ Effect of military procurement policy on small contractors will be
the subject when the Senate Small Business Committee begins three
days of hearings April 5. The Committee is irked by the fact that
over $8 billion of last year’s $22.7 billion worth of contracts was
negotiated with a single source.

MARCH 25, 1960 - ELECTRONICS
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CAPACITOR
STABILITY e B
ASSURED | ﬁ{j=2!f3;; :

BY 250-HOUR %% N il

PERFORMANCE o ™ SE/AEN

L0AD TEST "=l 7 @

...expanded TI line of type SCM
solid tantalum capacitors meets MIL specs

ACTUAL SIZE

Another assurance to you of Texas ture. SCM units in all 203 standard ratings (6 -35
E Instruments capacitor reliability —  volts, 1-330 ufd.) meet and exceed the electrical and
I’ 250-hour performance load test on a  pochanical requirements of MIL-C-55057 (Sig. C)

sample basis of all lots of the Type 4 0\ MIL-C-21720A (NAVY) specifications for
b eceeeee.d SCM series.

Your margin of design safety is greater with  Solid tantalum capacitors. _ o

tan-Tl-cap capacitors. Type SCM capacitors are Contact your nearest authorized TI distributor or TI
100% tested for capacity, dc leakage and dissipation sales office today for your immediate and future
factor, and are aged under Joad at elevated tempera- delivery requirements.

t trademark of Texas Instruments Incorporated

f'_ WiEW) e L e (3 Y) e ’— D _-'

*

mezs:gﬁ);g i
1 0125 k)
[N} 1]

L el o

of
No 20020 =590 1}

e L. R YA with KEL-F with Mylar All lots of Type SCM 722 Thkcap
- i - insulating sleeve | insulating sleeve** capacitors are tested for perform-

<M L *A wirelavg] D L Jaz| D L Jaw ance stability at rated temperature
size [+0.0101+0.031{ £0.031] size | wt. | ~0.020 | +0.062| wt. {+0.010 [ +0.031| wt. and voltage prior to release for ship-
—0.005 AWG [gms. | —0.010 gms. gms. ment. Performed on a lot-sample

F 1012510250 ['0482 | 24 [04 [ 0162 | 0337 [ 05| 0135 | 0.322 | 0.4 basis, the test is run for 250 hours
¢S 88 6 101|028 1 el | 080 12 kgt LS

- - : Y - 110 : : ablished by successive time inter-

H |0341[075 | 0988 | 2233|0377 | 0835 | 39| 0.351 | 0.822 | 3.4 val measurements of the principal

* Dimension “A” determined by suspending a one-pound weight from one fead and rotating the case from parameters of each test ca pacitor.
the vertical position to the horizontal position, and then repeating the procedure for the other lead.

** Meets all requirements of MIL-C-55057 and MIL-C-21720A. including dimensions.

Write to your nearest TI sales TEXAS UO IN ST RU M EN TS

office on "your company letter- INCORPORATED

head for Bulletin DL-C 1173 ® SEMICONDUCYOR-COMPONENTS DIVISION

which gives detailed specifica- 13500 N. CENTRAL EXPRESSWAY

tions on the complete SCM series. POSY OFFICE BOX 312 . DALLAS. TEXAS
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Now! Get Famous Paragon-Revolute
Quality and Advantages in New Table

Model Whiteprinter!

The great new 42" table model Revolute
Rockette brings the outstanding benefits and
quality of Paragon-Revolute diazo-type repro-
duction within reach of the smallest firm
or department. It brings sizable auxiliary
capacity, with compactness, easily within the
means of larger firms.

The Rockette offers important advantages
not found in most table model whiteprinters.
Its 42" printing width, 15 fpm speed, and
1500 watt vapor lamp provide unusual oper-
ating flexibility and capacity. Synchronized
developing and exposure speeds assure sharp
reproduction especially for longer prints.
Exclusive patented perforated rollers provide
faster development. shorter travel, and lower
ammonia consumption. With the Rockette,
you can utilize the widest range of materials
to meet every reproduction requirement.
Especially useful are intermediates that
expedite design changes, save many hours
of drafting.

You have everything to gain. nothing to
lose. by investigating this professional, low-
cost whiteprinter. The coupon brings you
full details promptly.

CIRCLE 16 ON READER SERVICE CARD

PARAGON
REVOLUTE ﬁv OF CHARLES Mw

77 South Avenue . Rochester 4, New York

Paragon-Revolute
Advertising Department, Dept. P3-Z
1800 Central Rd., Mt. Prospect, lll.

Please send me information on your new
Rockette whiteprinter.

Name Title
Compony

Address

City Caunty State
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Oui, General Transistor offre

des transistors MD&/@@

GERMANIUM PNP DIODES

2N43A MILT 19500/18  2N467 MIL T 19500/45 Genéral Branbistor kit
2N44A  MIL T 19500/6 duces high-reliability gold-
2N331 MIL T 19500/4A GERMANIUM NPN bonded diodes, three of which

2N404 MIL T 19500/20 2N358A MIL T 19500/63

2N416 MIL T 19500/56  2N388 MIL T 19500/65 are designed to meet MIL

2N417 MILT 19500/57  2N1310 Guidance requirements : 1N198, 1N277,
2N425 MIL T 19500/45 and 1N281. The spec numbers
2N426 MIL T 19500/42 are, respectively: MIL E 1/700,
2N427 MILT 19500/43  SILICON PNP 1/993A, and 1/961.

2N428 MIL T 19500/44 2N327A

2N464 MIL T 19500/49 2N328A Guidance The semiconductors listed on
2N465 MIL T 19500/50 2N329A Guidance this page are all designed to
2N466 MIL T 19500/51 2N1026 Guidance meet MIL specs.

GENERAL TRANSISTOR CORP.

91-27 138th Place ; Jamaica 35, New York



These NPN Germanium Types

"2
¥ N§ As witness the deployment

BMEWS

of General Transistors el

on projects such as:

POLARIS

'

And many other military programs. Why? Reliability.

General Transistor is now in its fourth year of production on
quality NPN germanium transistors. We were one of the earliest
suppliers of germanium NPN transistors, and have from the
beginning maintained an excellent reputation for highly reliable
products. Listed are some characteristically fine types.

Collector-Base Collector Alpha Cuteff
Type No. Breakdown vm(:\';ntlit‘:;' Cutoff Current n‘%;:::hm“ F':'equency
Veso (Valts) i leo (ua) = f.e (mc)
2N356A 40 40 3 35 3
2N357A 40 40 3 40 6
2N439 40 35 3 60 8
2N440 40 30 3 100 12
2N446A 30 35 2 100 8
2N447A 30 25 2 150 12
2N595 35 30 2 50 5
2N596 35 30 2 70 8
2N1012 50 50 2 60 5

Typical values




X2
Also on Military Duty lz §l

...and here’s a flight

of high voltage types:

2N1310 2N1311 2N1312
DISSIPATION RATINGS : NPN NPN NPN
TOTAL TRANSISTOR GE Alloy Junction  GE Alloy Junction GE Alloy Junction
DISSIPATION AT 25°C 120 MW 120 MW 120 MW
DERATING FACTOR 2 MW/ °C 2MW/°C 2 MW/°C
STORAGE TEMPERATURE —65°C to 85°C —65°C to 85°C —65°C to 85°C
CUT-OFF RATINGS: CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX
COLLECTOR BASE VOLTAGE (Vcso) le=25pna 90v 75v 50v
EMITTER-BASE VOLTAGE (Veso) le=25pa 20v S50v 20v 50v 20v  40v
COLLECTOR-EMITTER VOLTAGE (Ver) le=25 pa Nv T5v S0 v
{PUNCH-THRU)
COLLECTOR CUT-OFF CURRENT (lco) Vepo=5v Jua 7pa dpa 7ua 7 pa
EMITTER CUT-OFF CURRENT (leo) Veso=5v 3pa 7pa 3ua 7Tua 7 na
D.C. AND SWITCHING RATINGS:
D.C. CURRENT GAIN ({hee) le=5ma Vee=0.25v 20 15
le=20 ma Vce=0.25v 25 20 30
D.C. BASE VOLTAGE (V) le=5ma Vee=0.25v 05v 05v
Ic: 20 ma Vcs=025 v 0.3v
D.C. COLLECTOR VOLTAGE (Vce) lse=10 ma lc=100 ma 0.2v 0.2v 0.2v
SMALL SIGNAL RATINGS:
CURRENT GAIN Vee=5v il 35 30 40
COMMON EMITTER (hse) le=lma '—
ALPHA CUT-OFF Va=5v lge=1ma 1 me 1.5me 2me
FREQUENCY (f.)
COLLECTOR CAPACITY (C.s) le=1ma Saline 11 ppf 11 puf 11 ppf
Vcn:S v i
INPUT IMPEDANCE (h:) Vee=5v faeel e 3hBa 3%a »Ba
le=1ma 1
REVERSE TRANSFER RATIO Ves=5v f=1 ke 15 15 15
(h.p) (X 10-4) le=1lma '—
OUTPUT ADMITTANCE (h.s) Vesi=5v f—1 ke 2us 2up 2us
le=1 ma i
NOISE FIGURE (NF) Vee=5v f=1ke 10 db 10db 10 db
le=1ma BW=100~

Because of the relative newness of these transistors, data is presented in detail.

GENERAL TRANSISTOR

CORP.



Speaking of Services: GT Hi/Scope Service

100% Lot Preconditioning

Let's assume you have equipment which must
undergo severe environmental conditions...be
subjected to high mechanical shock and vibra-
tion. To be certain that all the transistors you
intend to use will withstand this type of expo-
sure, we will set up a preconditioning program
that will test out every single unit before we
ship to you.

Special Electrical Parameter
Testing

Certain transistor applications are so unusual
that they cannot be completely described by
standard parameters. If you are in such a posi-
tion, we will design a test fixture to closely
approximate actual circuit performance. This
procedure will provide assurance that 100%
of the transistors delivered to you will perform
satisfactorily.

Special Reliability Testing Programs

Must your completed systems meet a high
reliability requirement? If so, you may wish
special procedures to be established with
regard to your reliability programs. This is
another GT service. When necessary, we will
build such transistors on a specially designed
production line, check them exhaustively to
hold tight parameter tolerances, and subject
large lots to specific and unique life tests. In
many cases, we have established a program
so that we ship those units which have high
survival probability in your application. These
things we have done, and will do again, at
your request. Sound helpful ?

High and Low Temperature Testing

Standard transistor parameters are generally
controlled at room temperature. Yet many
systems must function at other ambients. If
you have a problem specifying electrical para-
meters at room temperature in a manner that
will be valid at high or low temperatures, we
are ready to assist. General Transistor is pre-
pared to run any measurements you dictate, at

any specified ambient. We can do this on com-
plete production lots if you feel it essential.

Cost Economies
Through Parameter Modifications

Yield has a strong influence on transistor cost.
To give you the best economies and at the
same time give you the most desirable quality,
we offer this working arrangement. At your
request, General Transistor will suggest slight
modifications of your specifications which
will allow us to ship the major portion of a
production run. We will make the necessary
measurements and indicate what the various
parameters should be and what proportions of
the run will fall into preselected types. If you
then design your system to use this production
mix, you will benefit from some genuine
economies.

Circuit Design

If you are starting on a new program, you may
want some information on what performance
you can expect from state-of-the-art circuits.
We will provide you with such typical circuits
at your request, together with data on the
performance of our transistor types within
these circuits.

Special Selection on Standard
Catalog Types

In many instances you may find that a standard
catalog transistor is about 90% acceptable,
but still needs improvement in a few parame-
ters. In such a case, please ask us about the
possibility of getting these improvements. We
can tell you what increase in specifications is
feasible, and produce the units to this spec.
Thus, you get the desired parameters without
having to redesign or wait for a custom-built
semiconductor.

Qualification Approvals

Let's consider the case where you want to
design a certain transistor into a system for
the government, yet a government specifica-

tion does not exist for the transistor. You must
be ready to substantiate your use of the non-
standard part. Here's what GT can do to help
your case. We will run a qualification approval
procedure in the same format we would for a
military type. Then we'll provide you with this
necessary data. This will greatly accelerate
your approval for use of this transistor type.

Special Coatings or Encapsulations

In your manufacturing process, do you expose
transistors to any kinds of solvents or potting
materials? If so, just let us know. By using
special highly resistant coatings, we'll make
sure that the transistor case and markings are
not vulnerable to solvent attacks.

Samples with Parameter
Measurements

Assume you want to check out the margins in
a design. You require upper and lower limit
samples of a certain transistor type. We'll be
happy to supply you with sufficient samples to
cover the spread in one or two significant
parameters. Thus, you can experimentally
determine the performance of your circuit.

Special Production Runs

Assume that your transistor application is so
unusual that units are not available from
standard production. What can be done? We
will analyze your requirements and decide
whether it would be feasible to make a special
production run of transistors to meet your
needs.

What More?

This is our HI/SCOPE service...or a large part
of it. Our customers have found it to be
extremely useful. We think you will, too. If
there is something still further that interests
you, why not get in touch with us? Space pre-
cludes our going into too great detail here,
but we feel sure you'll find any assistance you
need at GT. Write or give us a phone call.

GENERAL TRANSISTOR CORP.

91-27 138th Place / Jamaica 35, New York

1058/3.00 /20



Who’s the local rep?
What’s his number?

LOOK IN THE NEW

electronics BUYERS’ GUIDE

You’'ll find the local representative . . . his
name, telephone number . . . his address. You’ll
find such detailed information about more than
25,000 local sales offices of more than 4,000
major manufacturers.

There’s also a wealth of reference data about
markets, materials, components and applica-
tions that make buying easier. Catalog informa-

o @

~<—CIRCLE 20 ON READER SERVICE CARD

(=)
electronics
BUYERS’ GUIDE

and REFIRENCE ISSUE

tion on nearly 700 different advertised products
(that’s about 42%, more than you’ll find any-
where else). Also complete lists of manufac-
turers . . . registered trade names . . . and also,
of course, the most complete listing of electronic
and related products. Tells what you wani to
know . . . when youw're ready to buy.

A McGrow-Hill Publication ® 330 West 42nd Stroe?, Now York 36, Now Yort
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POWER TRANSISTOR
SERIES

Now in production by Bendix* are
eight 25-ampere peak current power
transistors capable of switching up to
1000 watts—and you can get imme-
diate delivery on all eight types.

Newly improved in design, the
transistors have a higher gain and
flatter beta curve. The series is cate-
gorized in gain and voltage breakdown
to provide optimum matching and to
eliminate burn-out.

o Maximum Voltage Rating
Current Gain || — —_— -
|| 50veb 60 Vb % Veb 100 Veb
iA2E0B=LLE 30 Vce 40 Vce 70 Vce 80 Vce
20—60 || 2N1031 2N1031A 2N1031B 2N1031C
50—100 ' | 2N1032 . 2N1032A 2N1032B 2N1032C

Ask for complete details on this
newly improved Bendix transistor
series . . . and on the entire Bendix
line of power transistors and power
rectifiers. Write SEMICONDUCTOR PROD-
UCTS, BENDIX AVIATION CORPORATION,
LONG BRANCH, NEW JERSEY, or the
nearest sales office. #raaeuanx

West Coost Soles Office:
117 E. Providencio Avenye, Burbonk, Califomia

Midwest Soles Office:
2N565 York Rood, Elmhurst, lllinois

New Englond Sales Office:
4 Lloyd Rood, Tewksbury, Mossochusetts

Export Soles Office: Bendix Internotionol Division,
205 E. 42nd Street, New York 17, New York

Canadian Affiliote: Computing Devices of Conodo, Ltd.,
P. O. Box 508, Ottowa 4, Ontario, Canada

SEMICONDUCTOR PRODUCTS

S RRT Gonk’ Division -

AVIATION CORPORATION
LONG BRANCH, N. 4.
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FINANCIAL ROUNDUP

Reports $48 Million in Sales

RECORD SALES and earnings are re-
ported by Ling-Altec Electronics,
Dallas, for the year ended Dec. 31,
1959. Sales were $48 million, net
income $1.8 million, equal to $1.31
per share on an average of 1,426,722
shares outstanding before dividends
and the redemption of preferred
stock

The 1959 operations included non-
recurring costs resulting from mov-
ing the Ling Electronics division
from Culver City to Anaheim,
Calif.; costs incurred in the acqui-
sition of three companies; and costs
involved in redeeming convertible
debentures. James Ling, board
chairman, says these costs were
practically offset by non-recurring
profits from the sale of capital
assets.

¢ Indiana General Corp., Val-
paraiso, Ind., announces an all-
time high in virtually every area
of financial activity for 1959. The
firm, which is a major supplier of
permanent magnets and ferrite
magnetic materials, reports con-
solidated net sales last year of
$19,865,219 against $15,283,018 for
1958. On November 16, 1959, Gen-
eral Ceramics Corp. was merged
into the Indiana Steel Products
Co., and the name of the surviving
corporate entity changed to In-
diana General Corp.

¢ Telectro Industries Corp., Long
Island City, N. Y., reports net in-
come after taxes of $177,320 for
last year on sales of $5,160,434.
The firm, which makes magnetic
tape recorders and electronic in-
struments, reported combined sales
in 1958 of $3,195,269. Total pro-
jected sales for this year are in
excess of $74 million.

e Sanders Associates, Nashua,
N. H,, reports the greatest growth
in its history during the first six
months of fiscal 1960 ending Jan.
31, with sales up 77 percent to
$8,067,035 from $4,562,179 for the
corresponding half of last year.
Company president R. C. Sanders
expects sales to go as high as $17
million for the entire fiscal year.

ELECTRONICS - MARCH 25, 1960

Net income for the period was
$192,152, compared with $150,142
for the first half of last year, an
increase of 28 percent. Net income
per share rose to 46 cents against
39 cents per share for last year.
The company’s present backlog
amounts to more than $18 million.

eP. R. Mallory, Indianapolis,
reports sales of $86,504,443 and
net income of $4,339,042 for the
year ended Dec. 31, 1959. Sales
were 26 percent above those of
1958, and 11 percent above those
of 1957. Net income was 51 per-
cent over 1958, 38 percent over
1957. Earnings per common share
in 1959 were $2.87, as compared
with $1.85 in 1958 and $2.00 in
1957. At the close of 1959 there
were 1,441,009 shares outstanding.

25 MOST ACTIVE STOCKS

WEEK ENDING MARCH 11
SHARES
(IN 100's) HIGH

10W CLOSE
Philco Corp 2,298 36% 31 3514
Ampex 1,369 400 3% 383
RCA 1,278 66s ~ 62%  65%
Collins Radia 851 6214  58%  60%
Gen Electric 743 87 84% 87
Sperry Rand 741 By % 2%
Westinghouse 739 50ve 46%2  49%
Int’l Tel & Tel 674 364 % 36Ve
Avco Corp 597 I3 12 13
Litton Ind 584 703 65% 681,
Transitron + 555 48% 450 Aol
Dynamics Corp Amer 483 1% -1l 12%
Raytheon 438 45% 41 M
Univ Control 428 4% 1% |
Gen Tel & Elec 422 74 0%  73%
Varian Assoc 393 467 A3/ A5%
El-Tronics 382 1% 1% 1%
Siegler Corp 368 353 32 %
Beckman Inst a59 124% 6812 70
Burroughs 357 303 283  30%
Zenith 3% 1017 95% 98
Gen Dynamics 354 5% MYy AL
Texas Inst 345 175% 1673 173
Admiral 340 2%z 184 2
Rheem Mfg 310 21% 19% A%

 The above figures re :escnt sales of electronics
stocks on the New York and American Stock
Exchanges. Listings are prepared exclusively for
ELEcTRONICS by Ira Haupr & Co., investment
bankers.

DIVIDEND ANNOUNCEMENTS

Amount Date

per Share  Payable
Clevite Corp $.30 Mar, 28
Garrett Corp 450 Mar, 28
Martin Co A0 Mar. 28
Philco Corp (pfd) 93%  Apr. 1
RCA 4 025 Apr. 25
RCA (pfd) 8732  Apr. 25
" Textron Inc S31%s  Apr. 1
Textron Inc (pid) 1.25 Apr.l
- e

VARIAN
Temperature

RECORDERS

Most versatile and useful

because. ..

AHO0

200 C
~H0 .

"

< O 1o 4
0O to
1100 §

b
30F
220 %

6. THEY'RE PORTABLE AND

MULTI-RANGE

Nine plug-in elements adapt
this G-11A thermocouple re-
corder to any range —cold as
liquid nitrogen, hot as 2200°F,
or as specific as 30° to 220°F.
Being portable, it goes wher-
ever there’s temperature to
measure —research in the lab,
checkout in the factory, or
troubleshooting in the field.

The temperature recorder is a
Varian G-11A with T-2 input chassis
which has automatic reference junc-
tion compensation and plug-in
range elements as shown. Other
input chassis convert the recorder
to general use. Fahrenheit or Centi-
grade charts available. For full
details, write Instrument Division.

VARIAN

associates

PALO ALTO 1, CALIFORNIA
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Y silicon rectifiers
w\m clude 84 high

efficiency types

amps. peak mrL max. amps. peak max. amps. NEGATIVE POSITIVE
DC inverse RMS recurrent  surge  Tarzian Jedec in- re-
(100° ¢) voltage volts peak 4MS Type No. amps. verse max. cur- R )
DC volt- RMS rent surge Tarzian Jedec  Tarzian Jedec
032 200 | 190 | 325 | 195 | zosm|innis | 00 b VA R R
!
0.35 200 | 1680 | 35 | 21 | 2408M[1INI2 Lo B ) W i L Ll
140 | 10 =51, =
0.375 200 | 100 | 375 | 225 | 200M ' INTIT & v 101 L,
ao(z0 10f100) - | ~ 3001 [1Nt619
04 600 | 120 | 4 | 24 | 160SM INITIO !
w2 | 10[100 - | - 400 |1INI62
0425 1260 | 840 | 425 | 255 | 120SM IN1109
—_— 00/ 70 30 (100 — | — | 10LA | 1IN108S
045 800 | 560 | 45 | 27 | soSM|INt108
2 200140 | 30(100] —~ | — |Z0LA |1IN1086
100 n|s 30 | 10M |1N1081
300{200 | 30100 — | - |30LA | IN1087
M | 140 | 5 N | 20M |1IN1082
400(260 | 30 [100f - | -~ |40LA | INT08
00 | 20 |5 30 | 30M |IN1083
100{ 0} 50150 - | - |1002 [1Nt621
0 | 20 |5 30 | 4OM |1NTO84
10 (40 | sofso| ~ | ~ |2002 | 1INt622
- e B I B ) s w0(z0 | 500150 — | - |3m2 |iNt62
o T T S el ) wolzo | 50150 - | — |40s2 |iNtG
60 | @ |5 |0 ) M - 50| 35 (120 [200| SRAN |INTIST| SRAP| INTITI
o | M0 75 | 75 | F2 [INUR 0 100 70 |120 | 200 [10RAN |IN1158 | 10RAP| IN1172
0 | 20| 15 | 5 | F4 [INME e}l 200|140 |120 | 200 [20RAN |IN1159 | 20RAP| INT1T3
600 | 420 | 15 | 5 | F6 |INM§4 300 (210 {120 | 200 {30RAN |IN1160 | 30RAP| INTIT4
100 w15 || 1H | - 400{280 (120 {200 [AORAN | — | 4ORAP| -~
200 Mo | 15 | 5 | 20H |IN2485 50! 35 |210 |350| SSAN [INT161 | 5SAP|IN1175
0.75 300 | 20 | 75 | 75 | 30H |IN248s 100/ 70 [210 |350 {10SAN [INT162 | 10SAP | INT176
00 | 20 | 15 | 15 | 4OH [INMBT 3 200140 |210 |350 [20SAN |IN1163 | 20SAP | INTIT?
500 | 30 | 75 | 75 | SOM {1N2488 300{210 210 (350 [30SAN [INT164 | 30SAP | INT178
600 | 40 ] 75 [ 75 | oM [IN2ass 400(260 | 210 |350/40SAN | -~ |40sAP| ~
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amps.
e
(100° €)

100

150

Rated at from 0.325 to 250 amps,
in complete variety of case designs and terminals

Proved performance, low cost,
prompt shipment from stock

Sarkes Tarzian’s “Designers’ Line” silicon recti-

fiers offer the small size, high efficiency, mounting

versatility, and wide range of ratings that can
help solve many of your power conversion cir-
cuitry problems. Tarzian’s realistic prices make
these high quality components practical for al-
most all commercial and military applications.

The 84 types of Tarzian ‘“‘Designers’ Line’’ recti-
fiers feature extremely low junction current density
to provide maximum reliability and operating life.

Their-55°C to +125°C temperature range makes
Tarzian silicon rectifiers ideal for circuits where
ambient temperatures are high and small size is
desired. Ratings range from 0.325 to 250 amperes.

Tarzian types are available for immediate
delivery in production quantities from factory or
warehouse stocks. Complete power conversion
engineering service on your rectifier requirements
is available at no charge or obligation.

For further information contact your nearest
Tarzian sales representative or write to Section
4394 A, Semiconductor Division, Sarkes Tarzian,
Inc., Bloomington, Indiana.,

SARKES TARZIAN, INC.

SEMICONDUCTOR DIVISION

BLOOMINGTON, INDIANA

In Canada: 700 Weston Rd., Toronto 9, Ontario
Export: Ad Auriema, Inc., New York City

peak  mar.amps.  NEGATIVE POSITIVE ek Maramps.  NEGATIVE POSITIVE
in- re- in- re-
o RS el oupe T e e B BE e RS o e Ty e Tyt e
50! 35| 210/ 350 5S3N - 583P - 50( 35/ 900 1500 5W3N - SW3P -
100( 70 | 210{ 350(10S3N - 1083P - 100| 70{ 900|1500 (10W3N - 10W3P -
28 200140 | 210| 350(20S3N - 2083P - 150 200140 900| 1500 |20W3N - 20wW3P -
300 210 | 210| 350(30S3N - | 3083P - 300/210| 900(1500|30W3N - |30W3P -
400 {280 | 210| 350|40S3N - 40S3P - 400(280| 900 1500 40W3N - 40W3P -
50| 35| 600/1000| 5VAN [IN1165 | SVAP [IN1179 50! 35/1200 2000| 5XAN | IN1263A| 5XAP | IN1267A
100| 70 | 60011000 10VAN |IN1166 | 10VAP |IN1180 100/ 70/1200 2000 10XAN { IN1264A|10XAP | IN1268A
28 200|140 | 600 1000 20VAN |IN1167 | 20VAP |IN1181 200{140/1200/ 2000 | 20XAN | IN1265A| 20XAP | IN1269A
300 (210 | 6001000 30VAN ‘|IN1168 | 30VAP [IN1182 300(210/1200/ 2000(30XAN | IN1266A(30XAP | IN1270A
400 (280 | 600(1000| 40VAN - 40VAP - 200 4002801200/ 2000 | 40XAN —  |40XAP -
50| 35 [ 6001000 5VIN - 5V3pP - 50( 35/1200(2000| 5X3N - 5X3P -
100 | 70 | 600 |1000(10V3IN - 10V3P - 100( 70/1200( 2000 10X3N - 10X3P -
: 200 140 | 600 1000|20V3N - | 20V3P - 200(140{1200 2000 20X3N - |20X3P -
300 /210 | 600 |1000|30V3N - 30V3P - 300(210{1200| 2000 {30X3N - |30X3P -
400 (280 | 600 1000|40V3N - 40V3P - 400|2680{1200| 2000 40X3N - 40X3P -
50| 35 |900(1500( SWAN|IN1263 | SWAP|IN1267 50] 35,1500 2500/ 5Y3N - 5Y3P -
: 100| 70 | 9001500 10OWAN |IN1264 | 10WAP |1N1268 100] 70,1500 2500 10Y3N - 10Y3P -
200 (140 | 900 {1500 | 20WAN [IN1265 | 20WAP |1N1269 250 200/140(1500/ 2500 20Y3N - 2Y3P -
300 (210 {900 (1500|30WAN [IN1266 | 30WAP (1N1270 300(210{1500| 2500 |30Y3N - 30v3P -
400 /280 {900 |1500 |40WAN - | 0WAP| - 400280 1500 250040Y3N - 40Y3P -
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1600 Series»
Vibrator

LORY
Vibrators

*U.S. Pat, No, 2,732,457

for
reliability
in

Citizens Band
Radios

Latest buttonless spring-leaf
contact design gives:

e Longest life
e Positive starting
e Lowest mechanical hum

Mallory specialists available
for consultation. Write today.
Elkon Division, Du Quoin, lli.
Electromagnetic Department

MALLORY
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MARKET RESEARCH

Military Marketing Strategy

DoN’T LET steadily rising military
electronic equipment spending to-
tals trick you into relaxing your
military marketing efforts, says
Lore A. Frost of Stewart, Dougall
& Associates, marketing consult-
ants,

Paradox of today’s military mar-
ket is that total military electronics
spending is on the way up, but new
business opportunities are on the
way down, he says.

Faced with a relatively static
budget total and rising equipment
costs, the Department of Defense is
becoming increasingly selective of
the weapon systems it supports,
Frost says. Already a number of
aircraft and missile systems, con-
sidered of marginal value by the
military, have been cancelled.

Competition Increasing

Moreover, competition for avail-
able electronic equipment contracts
is getting more intense as aircraft
firms are rushing to build up their
electronic capabilities in order to
offset declining aircraft dollars.

How can you help your firm get
its share of new military business
despite these added difficulties?

Examine your technical capabili-
ties in the light of your company’s
long-run product objectives, says
Frost. Ask yourself, in what areas
do we have superior technical capa-
bilities and to what degree will
these capabilities be needed in the
future?

Decide which agencies and prime
contractors are going to purchase
the type of equipment you are ca-
pable of making or designing. De-
velop a plan for making and keeping
these potential customers aware of
your capabilities.

Take a hard look at your field
engineering sales force, contract
administration groups and other
customer contact personnel. Do
they understand your company’s
product objectives? Are they cre-
ating a picture of your company
that is compatible with your prod-
uct objectives?

eUse of on-line computers to
control business and manufacturing

processes will become commonplace
in the near future, James M. Madi-
gan, development scientist at B. F.
Goodrich Chemical Co., told the
American Management Association
Data Processing Conference.

Madigan plaved a key role in the
selection and installation by B. F.
Goodrich of a Thompson Ramo
Wooldridge computer to control
production of two chemical proc-
esses: vinyl chloride, used in the
production of vinyl resins; and
acrylonitrile, used in the manufac-
ture of synthetic rubber.

Boosts Efficiency

The RW-300 computer takes an
overall look at plant economics and
calculates best operating conditions
for the day. Efficiency in terms of
inventory control and better utiliza-
tion of raw materials or equipment
are its aims. No effort is made to
replace labor, since an irreducible
minimum is used in these chemical
plants.

Processes most likely to use com-
puter control systems are those with
a high production capacity where
a small increase in plant efficiency
can result in considerable dollar
savings, he said. On-line computer
control systems are already oper-
ating or have been announced in
the chemical, petroleum, cement,
power generation, aircraft, missile,
steel and electronics industries.

Thousonds FIGURES OF THE WEEK

of Units

Production
Week of 3-4

MAMIJJASONDIF
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FAST
SWITCHING
plus

HIGH CONDUCTANCE
in
SILICON JUNCTION
DIODES

8 actual size

Reliability in volume. . . .
A DIVISION OF

CLEVITE
CORPORATION

254 Crescent Street « Waltham 54, Mass. « Tel: TWinbrook 4-9330
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CLEVITE TRANSISTOR

SWITCHING TYPES

New circuit possibilities for low im-
pedance, high current applications are
opened up by Clevite's switching diodes.
Type CSD-2542, for example, switches
from 80 ma to —35v. in 0.5 microseconds
in a modified IBM Y circuit and has a
forward conductance of 100 ma minimum
at 1 volt.

Combining high reverse vollage, high for-

‘ward conductance, fast swilching and high

temperalure operation, these diodes ap-
proach the ideal mulli-purpose device sought
by designers.

GENERAL PURPOSE TYPES

Optimum rectification efficiency rather
than rate of switching has been built into
these silicon diodes. They feature very
high forward conductance and low re-
verse current. These diodes find their
principal use in various instrumentation
applications where the accuracy or repro-
duceability of performance of the circuit
requires a diode of negligible reverse cur-
rent. In this line of general purpose types
Clevite has available, in addition to the
JAN types listed below, commercial
diodes of the 1N482 series.

MILITARY TYPES

JAN
1N457 MIL-E-1/1026
1N458 MIL-E-1/1027
1N459 MIL-E-1/1028
Signal Corps
1IN662 MIL-E-1/1139
IN663 MIL-E-1/1140
1N658 MIL-E-1/1160
1N643 MIiL-E-1/1171

All these diodes are available for im-
mediate delivery. Write now for Bul-
letins B217A-1, B217A-2. B217-4.

Phone for data and prices.
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triode
pentode

Combined triode and output pentod
separate cathodes intended for use
a combined a.f. amplifier and outpu
or frame oscillator and output tube.

characteristics
Pentode section

Va 200 250 v
Vg2 200 250 A"
la 35 28 mA
lga 7.0 5.7 mA
Va1 -16 -22.5 \
g 64 50 mAJV
fa 20 25 kQ
Hgl-g2 9.5 9.5
Triode section
Va 100 \
Vg 0 \
Om 2.5 mA/V

(-5 fa 28 kQ
" 70

*Mullard’ is the trade mark of Mullard Led. SUPPLIES AVAILABLE FROM

In the U.S.A.

International Electronics Corporatic

81 Spring Street, New York 12, N.Y.
Worth 6-0790.

In Canada

Rogers Electronic Tubes & Compot
116 Vanderhoof Avenue, Toronto 17,
Hudson 5-8621.

ELECTRONIC TUBES BRITAINS FIRST CHOICE FOR FIRST EQUIPM

MULLARD  OVERSEAS LTD. MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND
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THE THIRD MAJOR
BREAKTHROUGH in the history of electronics...

as significant today as the vacuum tube in 1907...as the transistor in 1948.

Molecular electronics use new insights into the structure of matter to create single crys-
tals which perform one or more complete electronic functions in the control and transfor-
mation of energy.

Westinghouse can now report startling progress in this fantastic field —in this status
report on a U. S. Air Force research program which began less than a year ago.

Fact one: molecular electronic systems are here today—in laboratory models which prove
out the principle even as they pave the way for production models. On the next two pages
are a number of different molecular electronic devices performing the functions of
familiar systems, without conventional components.

Fact two: each one incorporates germanium or silicon crystals—etched, sprayed or alloyed.

Fact three: each one is a functional block which performs the missions usually requiring
conventional components soldered together.

Prediction: soon, multi-zoned crystals will be “grown” and processed directly from the fur-
nace melt—may emerge as ready-made electronic systems.

Prediction: only two to five years from now, the pattern of electronic systems will be
changed to the core as a result of this historic Westinghouse breakthrough in research
and development. Reliability, miniaturization and simplicity will show exponential
progress.




Westinghouse presents working proof
of the principle of molecular electronics

VIDEO AMPLIFIER: made with
a tiny wafer from a ribbon of
germanium crystal. This func-
tion block also works like a
radar amplifier sub-system.
Gain is essentially flat to fre-
quencies of several megacycles.

POWER AMPLIFIER: Button-sized molecular electronic
device held by girl with a pair of tweezers performs the
same amplifying function as a conventional 5-watt ampli-
fier, has a frequency range from zero to 20,000 cycles.
Working element is a block about as large as the head of
a pin.

LIGHT TELEMETRY SUB-
SYSTEM: a single light-
responsive monolithic ele-
ment delivers output
whose frequency is a meas-
ure of light intensity.

MULTI-POSITION SWITCHES: these molecular
electronic devices evolved out of Westing-
house work on multivibrators—the ‘“OR”
logic switch illustrated has important poten-
tial applications in missile countdown func-

tions. CIRCLE 30 ON READER SERVICE CARD
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MULTIVIBRATORS: bi-
stable, monostable, and
astable —covering  fre-
quencies from 1 cycle or
less to 3 megacycles.
Shown is a free running
multivibrator alongside
paper clip.

s
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D-C AMPLIFIER: connected to a solar cell, this tiny block takes an in-
put of 4 milliamps . .

. via flashlight beam, raises it to 40-watt output.

CRYSTAL GROWING techniques developed by Westinghouse have already
produced germanium dendrites 300 feet long in the special furnace shown
at left, above. Crystal ribbons of almost any length are possible. The take-
up reel at right holds 300 feet of the brittle dendrite with each turn cushioned
on glass-cloth tape.

: i Ko

CRYSTAL RIBBON requires no grind-
ing or lapping. Only a few steps are
needed to turn these ‘“educated”
crystals into working electronic sys-
tems. Above, multiple-junction sys-

tems are shown on a crystal section.

The meaning of molecular electronics

RELIABILITY: molecular systems reduce drastically
the number of components and internal connections
required—and the fewer components and connections
the fewer potential trouble spots.

MINIATURIZATION: molecular electronic systems are
less than one-thousandth the volume and weight of
conventional component systems. This is a conserva-
tive generalization—in many cases, much more star-
tling size and weight reductions are possible.

POWER REQUIREMENTS: input power can drop
almost as fantastically as size and weight. In a typical
light telemetering sub-system, a 5-watt input is
required; the transistorized version gets by with 0.75
watts. The same function is still performed by a
molecular electronic block requiring but 0.06 watts.

ENVIRONMENT: inherently more resistant to g-loads
because of their small mass and few components,

CIRCLE 31 ON READER SERVICE CARD

Westinghouse-developed molecular systems show
promise to be temperature and radiation resistant as
well. New semiconductor materials and new large
crystal surfaces point to very high temperature and
power-handling capabilities. i

FUTURE: progress in this new field is so rapid, and the
advantages so great, that the molecular electronics
concept will find wide applications in air /space elec-
tronic systems within 3-5 years . . . In particular,
look for great advances in the state of the art in these
areas: telemetering e fire control guidance e com-
munications e counter weapons s flight control—
as a direct result of the new molecular electronics era.

The Air Arm Division of Westinghouse Electric Cor-
poration holds the U. S. Air Force management contract
for this project. It is being supported by the Semi-
conductor Department, the Materials Engineering De-
partment, and the Westinghouse Research Laboratories.

3.02311-1.3

WESTINGHOUSE / DEFENSE PRODUCTS

1000 CONNECTICUT AVENUE, N. W., WASHINGTON 6, D. C.




Bloodhound

Firestreak

Seaslug

More U. S. Gear Going Into

By Derek Bariow
McGraw-Hill World News

LONDON—A recent spate of tie-
ups between American guidance
firms and British licensees is en-
suring that Britain’s second gen-
eration missiles— Blue Streak,
Blue Steel, Blue Water—carry at
least American-developed guidance
components if not complete systems.

Here are the outstanding tie-ins:

English Electric manufactures
Minneapolis-Honeywell gyros and
inertial components under license;
Ferranti teams up with Kearfott
Co. for floated rate-integrated gy-
ros; Elliott Brothers Ltd. couples
with Bendix, while Sperry-Rand
supplies U. S.-developed components
through its British-based company,
Sperry Gyroscope Co. Ltd.

This influx of U. S. guidance sys-
tems into British missiles is new.
In the first generation missiles—
five systems now in operational
service—the British provided both
the overall system design and com-
ponents. Of the three main missiles,
guidance on the Bloodhound, Thun-
derbird and Seaslug was all Brit-
ish concept and components.

In the second missile generation
Britain still provides overall sys-
tem design but can’t and won’t
parallel the costly development
program proceeding Stateside for
higher - accuracy, more complex
guidance components. Items like
inertial platforms and high ac-
curacy gyros, Britain feels, are
more economically obtained through
licensing arrangements.

But the information flow is not
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all one way. On Blue Streak—test
firings of this Sperry-guided first
British LRBM are due later this
year—says Defense Minister Har-
old Watkinson, “the missile owes
something of its design to the
American Atlas rocket and we have
been able to be of some help to the
Americans from what we have
learned from the development.”
Precise areas where the British

helped have not been officially dis-
closed but ELECTRONICS learns that
it is in the system peripheral gear
that this information flowback oc-
curs.

Example quoted in a checkup of
industry is the NASA interest in
linear pot accelerometers,, lead zir-
conate accelerometers, high accu-
racy potentiometric transducers and

tachogenerators.

Britain’s First Two Missile Generations

RANGE
MILES

USER

NAME TYPE SERVICE

GUIDANCE
CONTRACTOR

SYSTEM

IN OPERATIONAL SERVICE

Ferranti and Associ-
ated Electrical Indus-
tries

’

De Havilland Propel-
lors Ltd.

Short Bros. & Harland
Ltd. Elliott Bros. Ltd.

Sperry Gyroscope Ltd.
General Electric Com-
pany

English Electric Ltd.
Marconi  Instruments
Ltd.

Semiactive homing
system where missile-
borne recelver detects
reflected radiation
from target

Passive infrared homs
ing unit with pneumat-
ic actuated controls

Believed to be radio
command

Beam riding with elec-
trohydraulic servos
operating four control
fins

Semiactive homing us~
ing target iluminate
ing radar

Sperry Gyroscope Ltd.

Elliott Brothers Ltd.

English Electric

Inertial system de.
talls not known

Inertial system linked
to aircraft parent up
to launching

Believed to have light-
weight Inertial system

Bloodhound surface 250  Air force
to air
Firestreak  air 10 Airforce
1o air
m' surface 3040 Navy
to air .
Seaslug surface 40  Nawy
to air :
Thunderbird nuclear  40-50 Army
tactical
weapon
UNDER DEVELOPMENT
Blue LREM 2500  Not known
Streak
Blue stand-off 300  Air force
Steel bomb
Blue surface 45 Army
Water to surface
TEST ROCKET
Black test - Not *
Knight vehicle applicable

Royal Aircraft Estab.
lishment
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Blue Steel

Blue Streak

New British Missiles
i

It’s in these categories that Brit-
ish guidance equipment is most
likely to show up in the U.S.
There’s no prospect of a sales push
to get them into American missiles.
For the most part they are simply
going into the catalogs of British
firms for sales wherever sales can be
found—and the Britsh will be look-
ing much more to industrial appli-
cations than missile uses.

Production figures on operational
missiles are closely guarded. Only
guides available are the expanding
deployment of Bloodhound squad-
rons around four Thor deterrent
bases, each squadron divided into
two flights of eight missiles.

Thunderbird

On Thunderbird, two anti-air-

: i
craft army regiments are under E_; foroe ‘ - t .\m =il 3“‘,',"‘ |
training—each comprising two bat- | AN R W_.. ;Lﬂ gy
teries of four launchers, a target = i - -~ 3 e > ',.“."\,.
illuminating radar and a tactiecal A S0 .“‘1. a ) ~”“
control radar. ¥ g - ‘;(."‘
At sea all anti-aircraft defenses - S
Black Knight

on four new escort destroyers will
be from Seaslug missiles.

The home operational needs alone
provide the manufacturing load for
Britain’s missile industry; overseas
sales are virtually non-existent.

Even after an intensive govern-
ment-encouraged drive, the future
looks bleak. So far only Sweden
has ordered British missile sys-
tems, the Bloodhound and Seacat.

How Anglo-American guidance
deals work out in the future will
depend on policy, not techniques.

Recent Defense White Paper,
which put new stress on mobility
both for nuclear and conventional
weapons, emphasized that Britain is
looking at mobile-launched missiles
as supplements to—maybe even re-

ELECTRONICS + MARCH 25, 1960

placements for—the fixed-base Blue
Streak.

Not known yet is whether Brit-
ain will develop her own or will use
the American Skybolt airborne
and/or Polaris seaborne delivery
system.

A look at the American develop-
ments is a major item on Watkin-
son’s agenda for a U.S. trip this
spring or summer. Most likely
course is adaption of one of the
American weapons, and Watkinson
himself is known to lean toward the
Skybolt since its carriers can be
used for multiple purposes.

Even in its space role, Blue
Streak still awaits a governmental

green light for coupling to a modi-
fied Black Knight vehicle in a
space system capable of putting up
a 75-1b lunar probe.

Final unknown is British plans
for future short range missiles. On
whether or not more U. S.-developed
missiles are adopted hangs the fu-
ture of Britain’s control and guid-
ance teams.

To prevent any disbandment,
most people believe a further series
of British - developed missiles is
planned.

Whatever the answers, though,
U. S. guidance equipment is sure to
have an increasing stake in the
British missile field.
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in the dark

TARAN (Tactical Attack Radar and Navigator)
is typical of the important new electronic
systems developed by Hughes —in an atmos-
phere famed for its engineering orientation.

Hughes engineers have designed this system to
enable pilots to fly blind at very low altitudes
in any kind of weather —and actually deliver
any kind of armament at tactical targets.

TARAN’s amazing abilities are based on several
major electronic advances developed by Hughes
engineers: A radar system with several times
the range and azimuth resolution of current
radars. An Automatic Navigation and Display
System which pinpoints position continuously
and automatically corrects for any navigational
deviations. A unique terrain clearance indication
warns the pilot of any obstacles when flying at
low altitudes. A radar antenna utilizing elec-
tronic rather than mechanical lobing.

Molten Ladle of silicon is watched during first step in
the precise manufacture of Hughes semiconductors, just
one of the Hughes commercial activities.

ELECTRONICS - MARCH 25, 19460

The Fording Test is typical of the tough environ-
mental tests imposed upon advanced electronic equipment
designed and produced by Hughes Fullerton engineers.

& ; . . .

Other Hughes activities provide similarly stim-
ulating outlets for creative engineers. A few
representative project areas include: advanced
data processing systems, molecular electronics,
advanced 3-D surface radar systems, space
vehicles, nuclear electronics, ballistic missiles,
infrared devices —and a great many others.
The commercial activities of Hughes have many
interesting assignments open for imaginative
engineers to perform research, development,
manufacturing of semiconductors, electron
tubes, and microwave tubes. ¢

Whatever your field of interest, you’ll find
Hughes’ diversity of advanced projects gives
you widest possible latitude for professional and
personal growth,

Newly instituted programs at Hughes have created immediate
openings for engineers experienced in the following areas:

Electroluminescence Equipment Engineering
Infra-red Microwave & Storage Tubes
Solid State Physics Communications Systems
Digital Computers Inertial Guidance
Reliability & Quality Assurance Field Engineering

Systems Design & Analysis Circuit Design & Evaluation

Write in confidence to Mr. R. A. Martin
Hughes General Offices, Bldg. 6-D3, Culver City, Calif.

Creating a new world with ELECTRONICS
]
]
HUGHES
’

© 1960, Hughes Aircraft Company

HUGHES AIRCRAFT COMPANY

Cuiver City, El Segundo, Fullerton, Newport Beach,
Malibu and Los Angeles, California; Tucson, Arizona
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Mock-up of data processing subsystem console for SAC’s new world-wide combat control system

First Details on SAC Control System

By JOHN F. MASON, Associate Bditor

A COMPLETE PROTOTYPE of the Stra-
tegic Air Command’s automatic
combat control system is being set
up in Paramus, N. J., ELECTRONICS
learns this week.

The prototype is in a facility re-
sembling SAC’s famed underground
headquarters at Offutt, Neb.

Object of the big test facility is
to check out the new 465-L system
called SACCS (SAC Control Sys-
tem). The final control system will
be installed at Offutt by prime con-
tractor International Electric Corp.
(IEC), a subsidiary of Interna-
tional Telephone and Telegraph.
Some $300 million has already been
spent on the program.

The system (ELECTRONICS, p 35,
Feb. 27, 1959) provides for complete
modernization of the existing SAC
control system and will insure com-
patibility with other information
and support systems of the Air
Forece.

IEC’s design engineers wil use
“Little SACCS” in Paramus to
check out systems’ compatibility,
human engineering details for the
man-machine complex, and opera-
tional and maintenance problems.

Besides instructing operations
and maintenance men, general offi-
cers will be able to familiarize
themselves with the system to
establish new working procedures.
Improvements in speed, thorough-
ness and comprehensiveness over
the old system will have a big im-

36

pact on operational and organiza-
tional methods used by SAC.

The new system’s primary advan-
tage over SAC’s present control sys-
tem is its complete automation. The
new electronic complex will elimi-
nate all human steps between data
acquisition, communications, data
processing and written and visual
display.

Four Subsystems

Communications — an indispens-
able link in the system—will be
provided by SAC’s normal com-
munications networks, which in-
clude telephone, teleprinter, ssb
radio, and in the future, relay satel-
lites. The 465-L system, per se,
handles requirements at the bases
and headquarters themselves: data
acquisition, switching, data proc-
essing and storing and presenta-
tion.

The new system consists of four
main subsystems: Remote Com-
munications Complex (RCO),
Traffic Control Center (TCC), Data
Processing Subsystem (DPSS),
and Data Display.

RCC’s are the ends of the gigan-
tic nerve system that makes into a
single striking arm SAC’s 70 or
more bases on four continents and
ten announced missile sites. Each
command post feeds into its RCC
information pertaining to local air-
craft and missile status and disposi-
tion, logistics, maintenance, intel-

ligence, weather, missile readiness,
personnel availability and pro-
ficiency.

Messages are introduced into the
system in several ways: through
manually operated teletypewriters
for narrative messages; through
automatic message composers for
messages with few variables; and
through semiautomatic message
composers for standard messages
with original modifications.

Messages may also be introduced
directly and automatically from
other equipments and systems.

All messages are automatically
coded or decoded, converted to or
from digital form by the modulator-
demodulator (MODEM), and trans-
mitted or received.

A high-speed electrostatic out-
put printer is capable of printing
incoming messages at the basic
transmission rate.

Though RCC’s can communicate
with each other, their main func-
tion is to exchange information
with higher headquarters.

Traffic Control Center

A nerve center for a group of
RCC’s is called a Traffic Control
Center (TCC). Here, messages are
both received and sent out. On
being received, a message is auto-
matically checked for validity, then
transferred to various temporary
and permanent magnetic stores.

The TCC automatically switches

MARCH 25, 1960 - ELECTRONICS



and routes all incoming messages.
Data not involving the war plan
are routed to designated addresses
—for example, another RCC. In-
formation pertinent to the war plan
is so designated by code at the point
of origin and automatically goes
from the TCC to the computer for
filing and updating.

Any information stored in one
computer is automatically trans-
mitted for storage in all computers.
Any temporarily non-operative com-
puter in the system can be auto-
matically updated, once it is re-
paired, by a computer at another
TCC. A commander whose com-
puter is on the blink can use the
computer at another headquarters.

The focal point of the TCC is the
Stored Program Element. This ma-
chine is a programmed message
switching device. It can receive
messages, analyze through pro-
gramming what is to be done with
the messages, and proceed to de-
liver the messages to other RCC'’s,
to computers or possibly to the
Display Subsystem.

Assures Reliability

A Fault and Facilities Control
system assures complete reliability
of the TCC system. A technical
control console monitors the opera-
tion of the line equipment and
transmission links originating and
terminating at a TCC. In many
cases faulty operation is automati-
cally taken care of. If one means of
communication begins to fade, the
equipment will switch to another.
If the coding equipment at an RCC
goes off, alternate equipment im-
mediately goes on. Vulnerable com-
ponents are duplicated in the sys-
tem for automatic replacement.
Both visual and audible alarms are
provided for failures.

A system status display provides
an indication of the status of major
elements of the 465-L.

A command status display sum-
marizes information from the en-
tire fault and facilities control
where only total failures are dis-
played.

IBM’s Military Computer, used
in the DPSS, is similar to the firm’s
improved SAGE computer, and
eight times faster than the 7090.
The core memory consists of mag-
netic cores of 64,000-word capacity,
expandable to 128,000 words.

(Continued on p 41)
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ARNOUX'S | 13

ARNOUX'’s new TME-20HC is a completely
self-contained, solid-state temperature-measurement
system. Using resistance transducers for translating
a change of temperature into voltage, you get
! adjustable range, recalibration in seconds, and direct
high-level-voltage readings. Total range is from
—320°F to +1000°F Response time is limited only by
the selected resistance temperature transducer. Per-channel
cost is low compared to systems using thermocouples
-because voltage amplifiers are not required.
The TME-20HC unit contains 20 channels, each adjustable for
0 to 5 volts output over a desired temperature range.
Associated TCE-20HC provides a convenient and accurate method
of channel calibration. An airborne unit is also available...
it’s small and lightweight. Bulletin 501.
Arnoux Corporation

11924 W, Washington Blvd., Los Angeles 66, California

AIRBORNE MODEL

SPECIFICATIONS*

10. Slze and mounting: 3.5 x 19 Inch panel
for standard rack mounting

TME-20HC BALANCE AND POWER UNIT

1. Number of temperature channeis: 20

2. Type of temperature transducers: 11. Finish: Light grey per specification
standard 20,000-chm resistance MIL-E-150908

3. Adjustment and monitoring circults:
all necessary clrcults incorporated TCE-20HC CALIBRATION UNIT

4, Temperature-measurement range: 1. Callbration: adjusts and calibrateg
~325°F to -+1000°F up to 200 channels !

&. Temperature-measurement span: each 2. Readout: visual on any data channe}
channel adjustable to any desired span 3. Calibration accuracy: + O.6°F

6. Output voltage: O to 5 vdc for 275°F 4. Amblent temperature range: §
minimum temperature span -+ 20°F to -+ 120°F

l 7. System stabllity: 0.25% of fuil scale 5. Size and mounting: 5.25 x 19 inch pnm} ['

8. System amblent temperature range; for standard rack mounting ’ }
-+ 20°F to -+ 120°F 6. Finish: Light grey per specification

®. Power requirements:

*These specifications do not

MiL-E- 150808 ‘5
apply to Airborne Model ]

7105 to 125 vac, 60 cps, single phase
-

Y - — e - TR S ey )|
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electronics
BUYERS' GUIDE
and REFERENCE 'SSUE

new electronics BUYERS’ GUIDE

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

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

You'll find detailed facts about the products of nearly
700 advertisers — that’s 42% more than you'll find in

@ ®

38

any other similar guide.

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

A McGraw-Hill Publication ® 330 West 42nd Street, New York 36, New York
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AlSiMag ceramics actual size

.AISiMag pioneered the custom manufacture
of ceramics for modules and for micromodules
and has long been known for its leadership in
precision ceramics in small sizes and thin cross
sections. Long experience has helped produce
miniature and sub-miniature ceramics to toler-
ances generally associated with fine metal work.

Uniformity of material and dimension is neces-
sary to reach goals of micro-miniaturization.

(AlSiMag ceramics are playing their part in in-

A Subsidiary of
Minnesota Mining and
Manufacturing Company

et Mechanical and Electrical Properties of
]~ AlSiMag Alumina Ceramics 393, 548, 614
.
PROPERTY ALSIMAG 393 [ ALSIMAG 548 | ALSIMAG 614 '\
°
. 1210 18 14 t0 17 0.00 -
WatstlALsorption Highly Porous | Highly Porous Impervious | A
o Specific Gravity 2.4 2.4 3.7
Density .087 .087 - 0.135
2 1 800 2 050 1 650
- Softening Temperature 3 272 3722 3 002
<™ Safe Temperature at 1 400 1 600 1 550
.- o [_Continuous Heat 2 552 2 912 2 822
Hardness —— ——— 9
V1 Thermal Expansion 6.0x10"° 69x10° 6.5x10°
iy Linear Coefficient 7.2x10°° 82x10° 79x10°°
® 1 Tensile Strength —_—— [ 25 000
Compressive Strength 30 000 10 500 400 000 .
3 1 _Flexural Strength 10 000 8 000 60 000
Resistance to Impact
¢ P
o, | 0h” rody 3.0 3.0 70 .
Thermal Fonducﬁvi'y 004 004 045 )
(Approximate Values) .
S Dielectric Strength . \
o “ g (step 60 cycles) 50 50 230 \
g Test discs Va" thick s In
>10" >10%! >10' t
25°C. [0 107 1 <t | ae.igi 1% V
° 5.0x 10 >10 2.0x 10
. Volume 100°C. = S T .
o Resistivity | 300°c. | 1.0x10% | >1007 | 1.1x10%
at Various | 500°C. 75%x107 | 10x10" |  73x10"
‘ Temperatures | 700°C. 3.6 x 10° 27 x 10° 3.5x10° .
' 90°°C. —57 e . ﬂ>_‘ b ‘—Wﬁ
Y 56x10 8.0x 10 68 x 10
Te Val 835 1 000 840
50, e 1535 1 832 1544 L
@ 60 Cycles | —— —— - SHm——
Dielectric 1MC. | 35 5.5 9.3
Constant 100 MC. 5.3 P ——
10,000 MC. = . = 9.1 N
60 Cycles - .y
Power 1 MC. .000S .0005 0003 .
Y Factor 100 MC. .0005 —— —
10,000 MC. Sohmid [—— .0014
60 Cycles
Lloss 1 MC. 003
Factor 100 MmC. .003 = A .’
10000MC. | ___ —_=_ 013 G
. g
These are the most frequently used AlSiMag —_
. o q o »
ceramic compositions for small or thin designs. i

Other AlSiMag formulations are available to
meet highly specialized requirements. For ad-

vice on such requirements give operating details. !

\ 'T.r_ g

creasing reliability of these. components and in greatly reducing
sizes of sub-miniature electronic components.

Even the close tolerances required in vacuum tube insulators and
spacers are maintained in these AISiMag microminiature ceramics
without grinding. Tubes with walls as thin as .010" and flat
shapes as thin as .005'" are produced regularly.

These precision ceramics are widely used as electron tube com-
ponents . . . supports, spacers, envelopes, windows . . .and as
micromodule wafers, transistor bases, relay components, etc.




AMPHENOL. ]

Quick-Crimp* v",';\ SERIES
e WlEER |
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AMPHENOL LEADS IN RF COMPONENTS

1 BROAD AVAILABILITY from a single source. All popular RF Series.
In addition to those illustrated above, series UHF, BN, Adapters
and Specials are also manufactured by AMPHENOL.

2 SERVICE & ASSISTANCE based on the experience of over twenty
years of designing and manufacturing RF connectors.

3 ENGINEERING facilities are the finest of any components manu-
facturer. AMPHENOL has the know-how and the equipment to
assist you in “problem areas” and in special designs.

PPATENT PENDING

couu:cron DIVISION
1830 S. 54TH AVENUE, CHICAGO 50, TLLINOIS

Amphenol-Borg Electronics Corporation

—

AMPHENOL
RF

CONNECTORS

@MPHENOD) oistrisuToR pivisioN

Amphenol Borg Electronics Corporation
BROADVIEW, ILLINOIS



SAC System

(Continued from p 37)

The fully transistorized DPSS
is divided into a central processor
unit, peripheral control unit, in-
terrupt and off-line processors.

The central processor. includes
the arithmetic, instruction control
and high speed core memory.

The peripheral control unit regu-
lates the input/output binary
stream traffic of the auxiliary drum,
tape memories, communication be-
tween the TCC and typewriter, the
computer, typewriter, printer and
punch.

The interrupt system will oper-
ate on machine-detected errors.

Data Presentation Subsystem

Equipment for the visual display
system consists of large display sur-
faces with automatic projection
units called quadrajectors, hard
copy printouts supplied by elec-
tronic printer units and request
panels for interrogation.

The most frequently used pages
of information are stored in a ready
store drum of the SPE and are kept
updated by the computer. When a
request panel requires information
that is not in a ready store, the TCC
signals the computer. The com-
puter then proceeds to extract the
information from its files, processes
it as desired and returns the answer
to the TCC, which then routes data
to desired display output device.

One big requirement of the 465-
L system is compatibility with all
systems within SAC and outside
systems with which there is a link.

Computers in USAF’s 438-L in-
telligence system and the 483-L
weather system, if not directly tied
in with the 465-L, will at least have
to speak the same language. Other
systems with which the 465-1, will
be involved include the North
American Defense Command’s 425-
L, and the 4738-L. Called Quick
Globe, 473-L is the projected com-
munications center for the Penta-
gon to provide USAF brass with
instant status information from all
subordinate commands.

Systems  Development Corp.,
under subcontract to IEC, is study-
ing systems analysis, programming
for the computer traffic handling,
training requirements, and how op-
erations can be streamlined.
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Left: Deflection of power stream by control stream is basic amplifier operation. Right:
Basic operation of fluid flip-flop showing fluid feedback loop

Future for Fluid Amplifiers?

Army discloses. new device which uses gas and

liquid pressures instead of voltages

WASHINGTON—A new nonelec-
tronic amplifier is receiving atten-
tion this week. It is called a fluid
amplifier and was developed at
Army’s Diamond Ordnance Fuze
Laboratory here.

Inventors of the unit—which may
lead to a new family of control de-
vices—are three civilian scientists
at the lab, B. M. Horton, R. E.
Bowles and R. W. Warren.

The fluid amplifier is approxi-
mately 1 in. across and 3/1,000
deep. Unlike transistors and vac-
uum tubes that require voltage for
operation, this amplifier uses gas
or liquids under pressure as a
source of power.

What It Does

The inventors say the unit can
perform amplification, feedback,
digital computation, analog compu-
tation, normal mathematical func-
tions and memory.

Operational speed up to 20 Kc
makes this unit faster than other
fluid systems with moving parts,
but much slower than electronjc
circuits.

The basic idea of the fluid ampli-
fier is shown in the left illustration.
A source of pressurized gas or
liquid is applied to the power jet
input. A low-power jet can be ap-
plied to the main jet stream to make
it pass through the right or left
output tubes. As the power stream
can be controlled by a much lower
power level, the device can be called
an amplifier.

Operation of a typical flip-flop is
shown in the illustration on the
right. The main power jet input is
at A. The pressurized fluid will pass
through the throat into either of
the two channels at the right or left.
Assuming that the control jet is ap-
plied through channel B, then the
fluid will flow around the right-hand
channel back to the throat and be
directed against the power jet to
reenforce the control jet applied
through B. With no control signal
applied, the flip-flop will be stable
in this condition.

When a fluid pressure is applied
through channel C, then the jet
stream will pass to the left-hand
channel, through the orifice marked
D, around the back of the flip-flop
and out the orifice marked E and
operate on the jet stream to make
the other stable state. Output can
be taken from either of the two
sides.

The gas or liquid power source
can be any gas or liquid compatible
with material used to make the
body of the flip-flop. Bottles of
compressed fluids, gas generators
or the dynamic pressure of the fluid
around the vehicle can be used.

Possible Uses

The device can be used to drive
pistons, air motors or can be cou-
pled to similar units to perform
logic functions. To transmit signals
any distance, pressure switches can
be used to convert the pneumatic
outputs into electrical signals.

L] ]



l X "'1“‘

Ly PV

> 'nrrfﬁn‘\‘ﬁY?- 7

how to reduce down-time

on telegraph and data transmission circuits

Radiation’s new Telegraph Distortion Monitoring System (TDMS)
provides in one compact assembly complete testing, monitoring and
signal waveform analyses of telegraph circuits and data transmission
lines. This versatile unit makes possible on-line quality control
of communications links. It indicates malfunctions, analyzes their
causes—without interrupting the flow of traffic.

The Radiation TDMS, with miniaturized components for space-
saving compactness, can replace most test equipment now required
for teletype maintenance and monitoring. Thus, in addition to re-
ducing circuit outage, the TDMS permits reduction of test equip-
ment costs and increases maintenance efliciency. Portability is
achieved at the “push of a button”.

For a detailed description of the operation and capabilities of the
TDMS, write for Brochure RAD E-100B. Address Radiation In-
corporated, Dept. EL3, Melbourne, Fla.
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THE ELECTRONICS FIELD ALSO RELIES DN RADIATION FOR. ..

RADIPLEX —50—channel low-level multiplexer with broad
data processing applications. Features rugged solid-
state circuitry, almost unlimited programming flexibility,
unique madular constructian for compactness and excep-
tional ease of operation and maintenance.

RADICORDER—Multistylus recorder provides high-speed
instantaneous readout for wide range of data acquisi-
tion or processing systems. Eliminates necessity of elec-
tronically translating complete data, thereby reduces
computer work loads.

TELEMETRY TRANSMITTER—-Model 3115 is a rugged-
ized 215-260 MC unit with extremely linear FM output
under the most severe environmental conditions, With
its record of outstanding performance in many missile
programs, Mode! 3115 is specified by leading missile
manufacturers,

INCORPORATED
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COMPACT, RELIABLE, VERSATILE

this is PaB’s miniature MH relay

The MH is not a new relay.

As a matter of fact, we’ve been building
and selling this series for seven or eight years.
Its reliability and exceptional longevity
have been proved in business machines, air-
borne computers and a host of other products.

Engineers like its fast action, its small
size, its light weight. They like the wide
selection of contact forms. . .up to 18 springs
(9 per stack, DC) as well as the fact MH
relays can be furnished to switch loads rang-
ing from dry circuit to over 5 amps at 115
volts, 60 cycle resistive.

A multiple choice of terminations add to
the MH’s versatility. Thisrelay, for example,
can be adapted for printed circuits, fur-
nished with taper tabs or a long list of other
terminals. Get all the facts by calling your
nearest P&B sales engineer today.
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GENERAL:

Breakdawn Voltage: 500 valts
RMS between all elements.

k Ambient Temperatures: —45° C
3 N to +85°C.(—65°Cto +125°C

/ e | 7 on special order.)

L REQUIRES 35 DiA Shack: 30g an special arder.
CLEARNNCE HOLE Vibratian: 10g fram 55 ta 500
cps.; 065" max. excursions fram
10 ta 55 cps. an special arder.

Weight: 213 azs. max. (apenrelay)

Terminals: Pierced salder lugs;

special lugs far printed circuits,
taper tab (AMP #78).

fﬂ

FOR BC.
— 1k RELAIS CONTACTS:
L FORAL  Arrangements: Up ta 9 springs
———l}%-—A -RELAYS per stack.

MH ENGINEERING DATA

Materiai: Y4 “ silver standard: Pallas
dium ar gald allay alse available.

Load: Dry circuits ta 5 amps
115V AC res, ¢

COlLS:
Resistance: 22,000 ohms mox.

Power: 100 mw per mavable min.
tod watts ot 25°C mox,(200 mw
min. ta meet mox. shack/vibratian
spec.)

Duty: DC: Continuvaus. AC: Inter-
mittent (Twa pale relay max.)
open. Sealed units supplied with
full wave rectifier inside can.

Voltages: DC: Up to 110 vaits.
AC: Up ta 230 valts 60 cycles.

The relays below are variations af the MH relay structure, —_

MA LATCHING
Electrical lotch, mechanical re-
set. Smail, versotile and offered
with selection af cantact
arrangements,

MB CONTACTOR ¥
Caontacts rated 60 amp. 28
valts DC non-inductive. Wil
carry 150 amp, surge for a
duration af 0.3 secands.

2
i

¢ /h‘ a
MH SEAL-TEMP
Features sealed cail to minis
mize cantact cantaminatian,

Available as hermetically
sealed relay only, :

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

6s) POTTER & BRUMFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA

IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO
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tontalum foil, silver encased, non-polar

‘Wage Hearing Starts
|

Representatives of EIA, NEMA and four industry
labor unions will testify on components wages
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oluminum foil,
géromic ond plostic encased

aluminum foil, aluminum and plastic
encosed, single end
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SPECIALISTS

.in miniature and sub-miniature
capacitors

Here's why iei is your best source for
virtually any type of miniature or sub-
miniature electrolytic capacitor:

o Tantalum foil capacitors in ten dif-
ferent case sizes—less weight—save
space.

o Wide voltage and capacity range
tantalums—3 WVDC to 150 WVDC
—capacities to 5000 UF.

® Aluminum foil electrolytics for every
application.

Service engineers are available to give you
fast, personalized service. They will assist
you in adapting standard capacitors for
your special requirements, or will design
entirely new capacitors to your indi-
vidual needs.

Call on iel whenever tolerances are tight,
and reliable performance at specified
temperatures is important.

Write for bulleting 81558 and 41858,
International Electronic Industries, Inc.
Box 9036-H, Nashville, Tennessee.

=== AN SF COMPANY,

where reliability replaces probability
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WASHINGTON—The Labor Dept.
will hold a public hearing here next
Tuesday on establishment of a fed-
eral minimum wage for electronic
component parts plants selling to
the government. This is one of three
elgctronics industry cases pending
under the Walsh-Healey Public Con-
tracts Act.

Four Issues

Representatives of the Electronic
Industries Assn., the National Elec-
trical Manufacturers Assn., and
four labor unions in the component
parts industry will attend.

Four issues top the agenda:

o How to define the component
parts industry. The Labor Dept.’s
proposed definition covers plants
which make “functional parts for

inclusion in electronic end products
or assemblies.” Included are such
parts as resistors, capacitors, re-
lays, switches and such.

e The industry’s prevailing mini-
mum wage. A Labor Dept. survey
of wages paid in Oct., 1958, shows
a national median hourly rate of
$1.46. The survey covered 457
plants employing 63,462 workers.
Lowest rate recorded was $1 an
hour paid to 1,949 workers.

e Whether the Walsh-Healey rate
for electronic component parts
workers should be set on a national
or more local geographic level.

e Provision for employment of
beginners or probationary workers
at wages below the prevailing mini-
mum rate.

An official ruling on a required

Television Aids Coordinator

In Eastern Air Llines’ big new passenger terminal at New York International Airport
(1dlewild), all plane and vehicle movements on the apron, and all passenger information,
are controlled from a coordinator’s tower. Dage tv system keeps coordinator in touch
with remote flight-information boards; keyboard lets him enter data on boards. Radio,

Telautograph and other ication sy

plete tower facilities
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Tuesday

minimum wage for electronic com-
ponent parts workers employed on
government contracts is still about
one year off.

The Secy. of Labor will set a ten-
tative wage rate following next
Tuesday’s hearing.

Another Hearing Likely

Both management and labor will
then be allowed to file formal opin-
ions on the Secretary’s tentative
ruling and another Washington
hearing will probably be scheduled.
The final determination will be
made after these steps.

The Labor Dept.’s electronic com-
ponent parts wage survey disclosed
that 3.1 percent of the workers cov-
ered on a national level were paid
$1 an hour. Hourly wages of $2 and
hour and over were paid to 12.4
percent of the workers covered.

The median rate for New Eng-
land was $1.89. Forty-seven plants
employing 11,756 were covered in
this region.

The Middle Atlantic’s median
rate was $1.61. This covered 14,921
workers in 137 plants.

Median rate in the South was
$1.18. The region included 35 plants
with a total of 5,654 on the payrolls.

The median rate for the Great
Lakes region was $1.49. The region
included 25,262 workers in 159
plants.

The Middle West’s median rate
was $1.25. This covered 17 plants
employing a total of 2,252 workers.

Median rate for the Western
States was $1.61. The region in-
cluded 62 plants employing 3,618
workers.

Also Coming Up

In addition to the electronic com-
ponent parts industry, Walsh-
Healey cases are in the mill for
electron tubes and semiconductors
and for electronic subassemblies
and end-items.

A tentative ruling for electron
tubes and semiconductors is ex-
pected shortly. The subassembly
and end-item case is at a very early
stage. The Labor Dept. is still con-
sidering a definition of the industry
for purposes of a survey of prevail-
ing wages.

ELECTRONICS - MARCH 25, 1960

ADVANCED ENGINEERING
PRECISION FABRICATION
to convert your antenna concepts

into reliable structures. ror information,

contact the Blaw-Knox Equipment Division, Pittsburgh 38, Pa,

BLAW=KNOX
ANTENNAS
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Model pictured is a unique design, developed by
Hydro-Aire Electronics for ground support equipment,
which combines three AC/DC Power Supplies in one package.

Another New Hydro-Aire Product
for the Aircraft, Missile Support,
Missile and Electronics Industries

The AC/DC Power Supply shown is typical of many new electronic products being developed,
engineered and produced by Hydro-Aire—a name well known for quality, reliability and
fast delivery. The unit illustrated is one of a unique family of fixed voltage, transistorized,
power supplies. Through unusual design, Hydro-Aire engineers have combined three power
supplies into a single package. The same basic circuit allows regulated outputs over a wide
range. Range is determined by selection of transistorized, printed circuit, plug-in modules.

Characteristics Model #50-121

Input: 120 + 5 o}, VAC [ G ‘
Outputs: 28 VDC @ 2.5 amp; 120 VDC @ 250 ma; ‘ =
250 VDC @ 500 ma A

Regulation: +0.19, for combined temperature, time and load variations BURBANK, CALIFORNIA
Temperature: —10°F to + 125°F operating; —54°F to + 165°F non-operating Division of CRANE CO.
Ripple: 5 millivolts RMS (maximum) ey R e R
Size: 834 x 17 x 20 (for 19” rack mounting) time delay relays. voltage
Weight: approximately 70 Ibs. rertiiatnesi paweEESUppites:

inverters otating compc

nents: motors, tachomelers.
generators

Write for Catalog Order your copy of our new Electronics catalog. It contains detailed
facts, specifications. Send for your copy today —on your letterhead, please.
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50-Million-Mile Signals Due

Pioneer V will be sending data from that far

away in August. Here is how it's being done

INGLEWOOD, CALIF. —If you
dhink Pioneer V is terrific now, wait
until August.

Scientists say the new U. S. satel-
lite will then be transmitting data
from 50 million miles away.

When Pioneer V was 500,000
miles away 11 days ago, scientists
at Space Technology Labs here said
gear in 91-1b payload was working
“very close to nominal.”

Pioneer V easily passed the free
world’s telemetry distance record of
407,080 miles set by Pioneer 1V.

Most significant in Pioneer V,
electronically, is the ultra-long-dis-
tance communications system built
around two miniature transmitters,
one of 5-watt capacity and the other
of 150-watt, and a digital telemetry
device known as “telebit” which col-
lects and stores data from the vari-
ous sensing devices aboard and
sends it to earth upon command.
A single dipole antenna of the 400-
Mec variety is utilized.

For two weeks information was
telemetered by the smaller bi-phase

Testing Radome

New radar test tower determines the ef-
fects of various radomes on antenna
radiation performance characteristics. Dis-
tortion is tested in beam shape, side and
back radiation, and gain and beam direc-
tion. Designed and built to GE specifica-
tions by E. W. Bliss Co., the test tower
tries radomes of different materials, shapes
and structures on GE's AN/FPS-7 multi-
beam, high-power, long-range search
radar

ELECTRONICS <« MARCH 25, 1960

modulation system, operating on
command from earth for 30 min-
utes every 3 to 4 hours. About now
the shift to the 150-watt unit will
occur—and as its maximum range
is approached it will be operating
less than 5 minutes each 3 to 4
hours because of wvastly greater
power requirements.

An interesting observation by an
STL scientist pointing up the vast
distances involved is that, at 50
million miles, transmission will be
commanded ‘“off” before scientists
on earth are sure it came on.

Turn On, Off

Command functions to Pioneer V
include turning transmitters on and
off (with the 150-watt unit this is
done in 3 commands—filaments
high, filaments low, and plates on),
changing from 5- to 150-watt trans-
mission, and changing bits per sec-
ond rate. The last is. now 64 bps,
will eventually be reduced to 8 bps
and finally to 1 bps. Doppler com-
mand equipment is similar to that
carried in Explorer VI, and makes
possible velocity measurements
10-ft per second.

Scientific experiments within the
26-inch payload include:

1.) A half-pound search coil mag-
netometer; 2.) proportional counter
“telescope” capable of distinguish-
ing very high energy radiation in
the presence of induced secondary
particles; 3.) ionization chamber
and Geiger-Mueller tube; 4.) micro-
meteorite momentum spectrometer.
Also included are voltage and tem-
perature sensing devices.

The 25-lb power supply system
consists. of a total of 4,400 solar
cells mounted on four “paddlewheel”
arms, and rechargeable nickel cad-
mium batteries. Maximum charg-
ing rate as sun is approached is
26 volts (see ELECTRONICS, p 167,
Mar. 11).

Largely responsible for the great
extension of communication dis-
tances possible are parametric am-
plifiers which, for the first time, are
being used in the front part of two
of the ground receivers.

PRECISION
DEFLECTION

WITH

COSSOR YOKES

Slip Ring Yoke
Two-Axis Fixed Yok
Component Development
Engineering at its BEST!

® ADVANCED ELECTRICAL DESIGN
® PRECISION MECHANICAL DESIGN
® ACCURATE PRODUCTION METHODS

Custom Built to the most
Exacting Specifications

bv Cossor Engineers

In Mumetal Cores for Optimum Geometry
In Ferrite Cores for Speed and Senmtivity
In Non-magnetic Cores for Perfection of Response

Any of Cossor’s I'hree Core Types can be
made in single or double axis with single or
push-pull windings, and encapsulated for
fixed or slip ring :rotating) use

Normal characteristics of yokes for 181 2 in
neck tubes are

Positional accuracy the spot position will con
form to the Yoke current
co-ordinates wishin 0 25%,
of tube diameter For de
flecuon angles less than
%25 better accurasy can
eastly be achieved

0 S% max without over
swing

0 1%, ot less with controlled
overswing

Memory -

Complefe encapsulation in epoxy fstycast) or
silicone resing is standard for all Cossor deflection
yokes, and is done with special moulding tools
ensuring accurate alignment of the yoke axis  When
slip rings are added, solid silver rings are mountec
in encapsulating resin. The fimshed slip ring yoke
15 precision turned to centre bore, and can incltde
bearing mounting surfaces with dimensional toler-
&nces app! h those ble with high Quality
metal parts.

SBettling Time Micre sec. =
120 v Inductance in Henries
Sensitivity degrees/ milliamperes =

/1nduc¢encc_- millihenries
s Acceierator Voltage « kV

COMPONENTS DIVISION.
E.M.1
COSSOR

Electronics Limited

WOODSIDE. DARTMOUTH, N. S.

2005 Mackay St. Montreal, Que.

3077 Bathurst St., Toronto, Ont.
Corporation House, 160 Laurier West, Ottawa, Ont.
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BUYERS' GUIDE

electronics BUYERS' GUIDE

You’ll find detailed facts about the products of  ufacturers...the names, addresses and phone num-
almost 700 different advertisers — that’s 429, more bers of representatives . . . complete lists of manu-
than you’ll find in any other electronics directory. facturers . . . registered trade names . . . and also, of

There’s also 64 pages of reference data about mar- course, the most complete listing of all electronic and
kets, materials and design — vital information for all related products. Tells what you want to know « « «
working in electronics. Also local sales offices of man- when you're ready to buy.

@ @ A McGrow-Hill Publication ® 330 West 42nd Street, New York 36, New York
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Umbilical

The MSC-built Umbilical Launching Cable...an

example of the product diversity of Missile Systems

Corporation. Like all products that bear the MSC label, this system

has proven its reliability. Just as it is a life-line to the success of a mission,
so also are MSC’s contributions material to the future accomplishments of
all facets of the electronic industry. MSC’s variety of products form one
continual life-line ... feeding an industry which is already changing the
life patterns of generations to come.

ELECTRONICS < MARCH 25, 1960

MISSILE SYSTEMS CORP.
11949 VOSE ST., NORTH HOLLYWOOD, CALIF.

Other manvufacturing facilities located
in Dallas, Texas and Pennsaukin, New Jersey
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Now you can Zipper-Tube

100 feet of cable in seconds with the new
ALPHLEX® CLOSING TOOL
for ZIPPER TUBING*. ..

*Patents #RE24,613 and 2,558,367, and other patents

-. A?
: I R E E with each

order of 1000 or more feet of Alphlex
Zipper Tubing. Designed specifically
to save you time, labor and money in
your cable production requirements,
the unique new Alphlex Zip-2000 Clos-
ing Tool forms, closes and seals Alphlex
Zipper Tubing in one easy motion —
faster and more positively than ever
before. Just lay your wires on the flat
Zipper Tubing, insert the zipper tracks
in the openings of the Tool, pull the
Tool along the cable’s length—zip!—
that’s it! The Tool forms the tube,
closes the tracks, permanently seals the
jacket—fast, in seconds.

PERFORMANCE-PROVEN
ALPHLEX® ZIPPER TUBING
For your every harnessing, cabling
and jacketing need, the complete line
of Alphlex Zipper Tubing comprises 6
types and 17 sizes each, from ¥4” to 4”
I.D.—and is used by such leaders as
IBM, IT&T, Lockheed, Martin, Sperry
Rand, U.S. Government agencies, etc.

ALPHA%WIRE

Capy 2
®* ALPHLEX® Tubing & SteeVi® * -

Pat. Pending
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Write for
free Catalog Z-2

ALPHA WIRE CORPORATION » 200 Varick Street, New York 14, N. Y. « AL 5-5400
Pacific Division: 1371 So. Orange Drive, Los Angeles 19, California « WE 8:9141

MEETINGS AHEAD

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

Apr. 3-6: National Assoc. of Broad-
casters, Engineering Conf. Com-
mittee, NAB, Conrad Hilton Hotel,
Chicago.

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

Apr. 11-13: Space Conference, Engi-
neering Technology, AIEE, Baker
Hotel, Dallas.

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

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

Apr. 12-13: Electronic Data Process-
ing, IRE, ARS, Hotel Alms, Cincin-
nati, O.

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

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

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

Apr. 20: Quality Control Clinic, ASQC,
Univ. of Rochester, Rochester, N. Y.

Apr. 20-22: Medical Electronics, Na-
tional Conf., PGME of IRE, Sham-
rock-Hilton Hotel, Houston, Tex.

Apr. 20-22: Southwestern IRE Conf.
& Electronics Show, SWIRECO,
PGME of IRE, Shamrock-Hilton
Hotel, Houston, Tex.

Aug. 23-26: Western Electronic Show
and Convention, WESCON, Memo-
rial Sports Arena, Los Angeles.

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

There’s more news in ON the
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 92.
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package-type TWT power amplifiers
with NEC’s new long life cathode

Production of traveling wave tubes at NEC began seven years
ago and introduction of the package-type three years later. As
chief supplier to Japan’s complex network of microwave com-
munications, NEC has become the world’s largest maker of TW
tubes.  With the high development costs amortized and large
manufacturing capacity, NEC is now able to supply these tubes
at well below usual prices.

NEC’s new doped nickel cathode core material, a 10-year develop-
ment, increases both emission and tube life. It has been
thoroughly field-proven in disc-sealed planar triodes for 2000 me
equipment of a large U.S. systems manufacturer (name on
request).  With its cooler operating temperature, evaporation
rate of oxide is less than any other known core materials.
This extends tube life up to 50%.

Designers will appreciate the compactness these tubes will give
to their systems and operators the reliability and economy.
Tubes connect to standard IEC waveguide flanges and can be
shipped from stock. For specifications sheets, please write to
Tokyo.
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4W76

The 4W76 operates in the 4000-mc band and has nominal saturated
power output of 10 watts. High amplification over a wide range
of power levels results in small-signal gain of approx. 30 db. The
band width at half-power points is 1400 mc, but the tube can be
used in the frequency range of 2800 to 5000 mc.

Typical Operating Characteristics at 4000 mc
First Anode Voltage 2,640 vV Saturated Power Qutput 125 watts
32 db

Helix Voltage 3,220 v Small-Signal Gain

Helix Current 0.7 mA | Noise Figure approx. 25 db
Collector Current 33 mA | VSWR less than 2 to 1
Focusing Electrode Voltage -40 V (from 3500 to 4300 mc)

NEC TRAVELING-WAVE AMPLIFIERS

PERMANENT MAGNET FOCUSED AMPLIFIERS

4W75 4000-mc band 1.5 watts 8W75 7000-mc band 1.5 watts_
4W76 2 " 510 watts 8W76 " " 510 watts
6W50 6000-mc band 5-10 watts 11W17 11000-mc band 1.0 watt

ELECTROMAGNET FOCUSED AMPLIFIERS
4W85 4000-mc band 0.1 watt 4W72A 4000-mc band 1.5 watts
4W86 " Y 1.0 watt 7W52 6000-mc band 5-10 watts

Advantages of package-type

NO focusing or impedance matching at instailation
NO dummy space for removal
NO power source or current stabilizer for electromagnet

<> Mppon Electric Comparty Ltd, 1oxyo, sapan

COMPONENTS / SYSTEMS
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The McGRAW-HILL

AVAILABLE FOR
£ A LIMITED TIME AT A
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s Special INTRODUCTORY PRICE  j
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—at a prepublication savings. The introductory price of $159.00
saves $16 on the regular price of §175.00. -
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An unprecedented publishing achievement
providing a complete reference work for
the library of the engineer or scientist.
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5uperbly
illustrated

The McCraw-Hill ENCY-
CLOPEDIA OF SCIENCE
AND TECHNOLOGY con-
tains more than 8000 draw-
ings, charts, maps, photo-
graphs, and diagrams in both
black-and-white and color.
All were especially prepared
by the finest craftsmen in
technical illustration.. They
reinforce the written infor-
mation — round out the com-
plete, practical nature of the
Encyclopedia.

TODAY'S accelerated pace of
technological developments de-
mands a broader scientific back-
ground of the technical man. No
longer can a thorough knowledge
of only his own specialty assure
him of success. A structural engi-
neer must know about ocean cur-
rents before designing an off-shore
oil-drilling platform...a chemist
needs a better background in elec-
tronics to make full use of instru-
mentation . . . an engineer placing
a cross-country pipeline requires
knowledge of weather conditions
...a space scientist needs infor-
mation on human physiological
and psychological factors. The
McGraw-Hill ENCYCLOPEDIA
OF SCIENCE AND TECHNOL.-
OGY is designed for needs such as
these or others with which you may
come in contact. Nothing remotely
like this has ever been done before.

Your master reference to the
world of science and technology

More than 7000 separate articles—
many of them by men credited with
performing pioneer research in their
fields — provide unrivaled breadth of
coverage — meet many needs within
your range of interests and challenges.
The articles range from concise defi-
nitions and basic foundation material,
to the most modern developments, ap-

plications, and discoveries. So skillful
and extensive is the cross-referencing
that you could follow through to a
basic education in virtually any tech-
nical or scientific field.

The work of
world-renowned authorities

More than 60 Consulting Editors, aid-
ed by a distinguished Advisory Board,
chose the most outstanding persons in
each field to contribute to the ency-
clopedia. The names of the 2000 con-
tributors read like a “who’s who” in
the pure and applied sciences — as-
suring you of the most informed view
of each subject covered.

Leading contributors like Glenn T.
Seaborg on the transuranium ele-
ments; Paul A. Siple on Antarctica;
Selman Waksman on antibiotics; R'W.
Bridgman on classical mechanics; H.
E. Edgerton on deep-sea photography;
recent Nobel Prize-winner Emilio
Segre on the antiproton and anti-
matter; Krafft A. Ehricke on space
engineering; and others of equal stat-
ure — provide you with brilliant cov-
erage of any topic you seek out.

Unequalled in clarity

When you turn to the encyclopedia,
you find that the articles explain and
illustrate with the utmost skill, clarity,
and accuracy. Complete understand-
ing, in addition to factual information,
keynotes the encyclopedia’s approach.
The style of treatment enables you to

—
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e

quickly get to the depth you want
—comprehend the precise area and
degree of knowledge you need—in
any realm of technological interest
or activity.

Completely indexed

The Index takes up an entire volume
and runs to over 100,000 entries. Spe-
cific facts can be located quickly not
only through the index, but also by
means of the extensive cross-referenc.
ing of the 7200 articles.

nvel.

e 15 volumes ® over 2000 contributors ® 9300 pages © 7200 articles




for SCIENTISTS
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for TECHNICIANS =
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NOW — for the first time in the whole span

of technological progress can you have
conveniently and inexpensively available a
universal reference of technical knowledge.
Never before have so many and such inter-
nationally known authorities been enlisted
to provide you with the broader, more com-
plete scientific and engineering background
required by today’s exploding technological
developments.

EDITORIAL
ADVISORY BOARD

Dr. Roger Adams
Dr. Joseph Barker
Dr. Detlev Bronk

Dr. George R. Harrison

Dr. Sidney D. Kirkpatrick

Dr. Williamm Rubey
Dr. Edmund Sinnott

MONUMENTAL in scope . . . prepared by over
2000 authorities . .. the McGraw-Hill ENCY-
4 CLOPEDIA OF SCIENCE AND TECHNOL.-
4 OGY places at your command the basic concepts, termi-
Consulting Editors b nology, and modern developments in every area of engi-

; neering and science. From aeronautics to zoology...
from mechanical engineering to oceanography ... from
the atomic nucleus to the far reaches of outer space...
here is the whole sum of basic technical knowledge dis-
tilled into 15 volumes for ready reference and ease of

Dr. Philip Hauge Abelson
Prof. Theodore Baumeister
Dr. Frank A. Beach
Prof. Jesse Wakefield Beams
Prof. Firman E. Bear
Prof. Salomon Bochner
Waldo G. Bowman

— Dr. Frank Brink, Jr.

i
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Dr. K. R. Porter Write to McGraw-Hill Encyclopedia of Science and Technology

5 Dr. Sullley §y.Cun 3 understanding.
K r. Jule G, arney o
: Dr. E. U. Cond 4 .
copper Peat Albealc: Gonead The McGraw-Hill ENCYCLOPEDIA OF SCIENCE
Dr. George W. Corner KR !
Beoth Pasllogten Do selt ; AND TECHNOLOGY .helps, you attack more confidently
Dl e b the problems demanding knowledge beyond your par-
rof. Robert C. Elderfic - . )
Dr. Katherine Esau - ticular field...enables you to bridge the gap between
Harold Etherington 1 . 5
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The high frequency response, together with the very low
saturation voltage of these silicon Surface Alloy Diffused-
base Transistors (typically 0.125 V), permits practical design
of 5 mc pulse circuits, using conventional saturated switching
configurations. With non-saturating techniques, pulse rates
as high as 30 mc are obtainable. The typical switching
circuit shown above will operate satisfactorily at trigger
pulse rates up to 15 mc. When triggered with a 4-volt pulse
at a 10 mc rate, the rise time will be typically less than 24
musec over a temperature range of —60°C to +130°C.
The typical fall time will be less than 36 musec over the .
same temperature range.

Both of these transistors have demonstrated consistently
more stable characteristics over a2 wide temperature range
than any other silicon transistors available. Both meet the
environmental and life test requirements of MIL-S-19500B.

NEW, MORE COMPLETE DATA SHEETS

The new data sheets on these transistors,
for the first time, provide the designer with
complete information upon which he may
redict switching speeds in any circuit.
ey also contain the full military environ-.
mental and life test specifications, in ac-
cordance with MIL-$-19500B. Copies are
available on request. Write Dept. E-360.
*Reg. U.S. Pat. Off.

Philco Industrial Semiconductor Distributor.
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Automated Assembly of
Alloy-Junction Transistors

Transistors of high uniformity and high
quality are obtained with this fully
automatic electromechanical assembler.
Step-by-step inspection insures output of

perfect units

BY THOMAS J. lEACH, Special Equip. Eng. Manager,
Component Eng. Dept., 1.B.M., Poughkeepsie, N. Y.

DESIGN OF THE automatic transistor assembler de-
scribed in this article is based on the concept that
each transistor be assembled and inspected indi-
vidually, as opposed to the concept of batch manu-
facture. This approach offers many advantages.

Sequential individual assembly permits individual
inspection at every step so that only perfect units
are passed to the next step. Each vehicle, or boat,
used to transport the transistor assembly through
the machine is given off-line inspection; individual
rejection of imperfect units is economical. If a boat
is misloaded at any step, such misloading is corrected
without interrupting the overall assembly process.
Processing and quality control are facilitated by elimi-
nation of manipulation and judgment variables and
by performance of each process step at one station
only. Samples are pulled at each step and defects
traced directly to the source.

The machine requires only one mechanism for each
feed, unload, and inspection station. The high pro-
ductivity of this single set of tools not only gives
close process control but also low cost.

SEQUENCE OF ASSEMBLY—The machine fabri-
cates the transistors from preformed components—
emitter and collector dots, the germanium disk, the
base washer, the whisker wires, and the mounting
base. The machine first assembles the dots with the

< CIRCLE 56 ON READER SERVICE CARD

Fully automated transistor assembler. Carbon boats convey

transistor comp ts to bly stations
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£1G. 1—Alloy-junction npn transistors are assembled from preformed
components

germanium disk and alloys them. The machine then
assemblies the base washer and the emitter lead
and bonds them to the transistor. Next, it bonds the
collector lead. Finally, the machine welds the base
washer to the transistor mounting base and welds
the emitter and collector wires to the mounting base
posts. Figure 1 shows the assembled structure.
Each function is performed on an internally driven

REJECTED
[UATS

and controlled turntable. The turntables are inter-
connected by belt transports, but each is independent,
operating only when boats are supplied to it and when
there is demand for its output. Ninety minutes are
required to complete the assembly of each transistor.
Production is at the rate of one transistor every two
seconds.

Figure 2 presents a flow diagram of the complete
assembly process. The unit type boats—actually
machined carbon jigs—are used in the assembly proc-
ess to confine and position the components of the
transistor during the alloying operation. The first
component inserted into the boat is the collector dot,
accomplished on turntable 1. The boats are fed
onto a conveyor belt by a linear vibrating tray. From
the conveyor they are injected into pockets of the
indexing table.

At the first index of the table, station 2, a pnoto-
electric detector checks for the presence of the boat.
The check at this point permits the automatic in-
hibiting of the dot loading operation if the boat is
not present. At the next station the collector dot is
inserted into the cavity of the boat. Before leaving the
turntable, the boat is again photoelectrically checked
to insure proper positioning of the dot. If the dot
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FIG. 2—Flow diagram for the complete
ond alloys them;
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assembly process. Machine first assembles collector and emitter dots with the germanium disk
it then assembles the base tab and the emitter leads and bonds them to the transistor; next, it bonds the collector
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is absent or improperly positioned, the boat is re-
jected at the output station of the Unit. Accepted
boats are placed on a conveyor for transport to turn-
table 2.

A built-in float or overload between all units in
the machine permits a predetermined number of
boats to arrive at the input of each unit. An over-
supply will automatically restrict the output of the
preceding unit.

At turntable 2 the boats are loaded with the ger-
manium disks and checked. The disks are fed into
and oriented in a rotary Syntron feeder which will
remove chips or broken disks. Accepted disks are
then fed into a linear feeder track for delivery to a
pickup station. During their trip down the track,
the disks pass below two control points called bridges,
which prevent out-of-tolerance, dirty, or double disks
from reaching the assembly point. At the end of
track, accepted disks are picked up by a vacuum
probe, carried over, and dropped into the orifice of a
cone, which guides them to their proper position in
the boat. Another photoelectric check determines the
presence and proper position of the disk in the boat.
Accepted boats are transported along the conveyor;
rejects are removed from the assembly process.

ALLOYING OVEN

ZONE! | ZONE2 { ZONE 3| ZONE 4 | ZONE S

At turntable 3 an emitter dot plug is automatically
placed in the boat on top of the germanium disk. Its
function is to position accurately the emitter dot in
the center of the disk. This plug-loading operation
is also controlled through a detector device. If no
boat is present in the preceding station, the plug-
loading cycle is inhibited. With the plug in proper
place, the emitter dot is inserted, and the boat is
checked for its presence,

Now, loaded with its cargo of collector dot, ger-
manium disk, and emitter dot, all correctly positioned,
the boat is set for the alloying operation. It is loaded
onto the oven conveyor belt by a cam-operated pusher.
Still on the belt, it is conveyed through the tunnel
furnace, where the units are alloyed.

After the alloying, the boats are conveyed to the
next operation on a wide belt. This belt also pro-
vides overnight or temporary storage for all boats
in the oven. On turntable 4, to which the boat is now
directed, a probing operation releases the alloyed
parts from the emitter dot plug and removes the plug.
With the plug removed, the gold-plated base washer
is loaded into the boat. These washers are Syntron-
fed to a fixed position on the bowl. Here they are
picked up by a vacuum probe and placed into the
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lead; finally, it welds the base tab to the transistor mounting base and welds the emitter and collector wires to the mounting base
posts. During these operations, machine performs 50 individual checking functions
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FIG. S—Trcnsisior assembling operonans colle:'or do' |oudm9 at station 3 of turntable 1 (A); garmcmum base disk ioading at station

wire insertion at station 5 of turntable 5 (E)

boat on top of the alloyed unit. Accepted boats are
then transported to the wire-insertion operation.

An emitter wire locating plug is loaded into the
boat on top of the base washer, its function being to
position the emitter wire relative to the emitter dot
during the bonding operation. After the wire is
inserted, the units are moved to the bonding oven
over a series of conveyor tracks.

On the first pass through the oven, the base washer
is bonded to the germanium disk and the emitter
wire to the emitter dot. The bonded output, emerges
from the oven and moves to the collector wire unit.
Here the complete boat, still containing the emitter
wire plug and the assembly device, is inverted to
permit the loading of the collector wire through a
tiny hole in the new topside of the boat.. The boat
is then transported back to the bonding oven.

After the second pass through the oven, the output
contains the alloyed and bonded assembly of collector
dot, germanium disk, emitter dot, base washer, and
emitter and collector wires. At this point the assem-
bly is prepared for attachment to the transistor
mounting base. Mounting bases (headers) are man-
ually loaded into magazines for placement on the
machine, which, in turn, automatically inserts the
mounting bases into their holders. _

The completed assemblies in their boats are fed
into position on the welder unit. As each boat travels
to a boat removal station, it is gently lifted and
agitated by a cam and sawtooth mechanism. This
operation frees the transistor assembly from its nest
in the boat. The transistor assembly is then carried
by the plug to a station where it is removed from
the plug by a tweezer-type gripper. Held by this
gripper, the assembly is checked for electrical con-
tinuity between the base washer and the emitter and
collector wires. During this operation, the emitter
and collector wires are formed, providing additional
shock resistance to the assembly.

The units accepted by the continuity checker are
brought together with the mounting bases, to which
the base washers are welded. For those units that
are not accepted, the base washer welding operation
is inhibited, and the units are ejected. Unwelded
mounting bases are recycled without additional
handling, After the base washers are welded to the
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mounting bases, the transistor assembly is rotated
90 degrees, permitting simultaneous welding of both
wires to the mounting base parts. This welding com-
pletes the machine operation. The alloyed, bonded,
and mounted units are discharged and placed on
carriers for manual removal. After assembly, the
units are etched, tested, capped, and categorized for
use.

MECHANICAL DESIGN—Because transistor com-
ponents are so small and fragile, it was decided ini-
tially to feed, assemble, and inspect each component
assembly on individual turntables. The nine major
operating units (six turntables, two ovens and the
welding unit), integrated by the series of conveyors,
evolved from this unit concept.

Although the major portion of the units required
custom designing, the use of standards reduced de-
sign and delivery time and permitted a minimum
inventory of spare parts. As a result of the mechani-
cal standardization, it was possible to a large extent
to standardize the electrical controls.

The radial.indexing drive units, using Ferguson
drive cams, were custom designed and built to provide
four switch-controlled output speeds, ranging from
1.4 to 4.1 seconds per cycle. The units provide eight-
position indexing, which covers the known require-
ments and also permits the addition of unplanned
operations at a future date without major alteration.

INSPECTION DEVICES—Three basic types of in-
spection devices are used in the machine.

Mechanical limit switches determine the height of
the boats passing through the process. These switches
provide protection against damage to the boats and
the mechanism from parts too high to pass under
the loading station. The switches also give an indi-
cation of components improperly assembled.

In the base washer loading unit a vacuum probe
lifts the base washer from a vibratory feeder and
deposits it in the boat. Since the vacuum achieved
in the probe is determined by the presence or absence
of the base washer, a vacuum switch checks the opera-
tion at this point.

The third and primary inspection device, which is
used throughout the assembly process, is a photocell
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detection circuit. This circuit consists of a Number of consecutive rejects. Information concerning the

12 lamp and a Clairex CL-3 photocell whose resist-
ance decreases with an increase in the intensity of
light falling on its surface. The photocell, a current-
limiting resistor, and a sensitive relay are in series
across the rectified 117 v a-c used as a power source.
This circuit, along with its power supply, is con-
tained in a small plug-in unit. The device is operated
when the part being sensed reduces the light inten-
sity and, in turn, the resistance of the photocell in-
creases to the point where insufficient current flows
to hold the relay energized. Modifications of current-
limiting resistance and relay sensitivity are neces-
sary in several instances, particularly in detecting
the presence of germanium disks and emitter dots
whose bright surfaces reflect the light. Exclusive
of oven temperature and gas flow controls, the ma-
chine performs 50 individual checking functions.

LOGIC—With the exception of wire loading, each
assembly turntable includes a final checking device
that determines whether the boats should continue
in the process or be rejected. Provision is made auto-
matically to stop any operation after a preset number

Closeup of plug and boat being fitted together. Boats and plugs
have tolerances as close as 0.0005 inch for precise positioring of
transistor parts during alloying, bonding and waldina
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disposition of the transistor being assembled—accept
or reject—is carried in a relay shift register, in
which the information is transferred progressively
to relays corresponding to the cycle in which the
machine unit is operating.

The final relay of the register establishes a circuit
from a cam-operated circuit breaker to the desired
solenoid, accept or reject. Current to all solenoids is
made or broken by cam-operated circuit breakers;
relays are used only to establish the circuit. The
repeating reject circuit consists of an elapsed-time
meter, which resets whenever an assembly is accepted.
The time cycle is adjusted for a maximum number of
consecutive rejects, and if no assembly is accepted
during this time, the machine stops.

Each turntable is equipped with a conveyor over-
load detector which stops the table when its output
conveyor is full. This detector consists of a photo-
cell unit mounted across the track. A boat inter-
rupting the light beam causes the photocell relay to
drop out. A relay logic circuit is then energized to
determine whether the boat is to move to the suec-
ceeding machine cycle; if the boat should not move,
the machine unit will stop until the light beam is
reestablished.

WELDING UNIT—In the welding unit a check is
performed on the complete assembly operation. The
assembled unit—consisting of the base washer, the
germanium disk, collector and emitter dots and wires
—1is checked for continuity before being welded to
the mounting base. In this check, current passes
through two relays in series with the two transistor
leads (emitter and collector), the base washer being
grounded. An indication of a correctly assembled
transistor is obtained when both relays are ener-
gized. Only transistors that pass the continuity check
are welded to the mounting base.

Mounting bases to which no transistors have been
welded are recirculated while the welding operation
and the loading of new mounting bases in the welding
and loading indexes of the unit are suppressed. The
output of the unit. therefore, consists entirely of
mounting bases to which correctly assembled tran-
sistors have been welded.
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Uncooled IR Detectors
For Long Wavelengths

With a spectral response peaking almost at seven microns, the indium-

antimonide photoelectromagnetic detector responds to long infrared wave-

lengths. This uncooled detector permits design of simpler ir systems

By PAUL W. KRUSE, Principal Research Scientist, Honeywell Research Center, Hopkins, Minnesota

ETECTORS OF INFRARED radia-

tion may be separated into two
classes based upon the methods by
which infrared radiation interacts
with the detectors. A thermal de-
tector responds to the heating effect
of the incident radiation; its spec-
tral response is independent of
wavelength distribution. A photon
detector responds to the rate of
photon arrival and has a spectral
response characterized by a rapid
drop at a long wavelength limit.

Photon detectors essentially count
the photons in the incident radiant
energy. Photons falling on these de-
tectors, which are made from semi-
conducting material, interact with
the crystalline lattice, freeing elec-
trons and/or holes. Because these
carriers add to the normal carrier
density created by thermal excita-
tion from the lattice, they are
termed excess carriers. In intrinsic
semiconductors the interaction of a
photon with the lattice produces a
free electron-hole pair. In extrin-
sic material a free electron-bound
hole or free hole-bound electron
pair is produced.

Thermal detectors, responding
to the energy content, not the wave-
length distribution of the radia-
tion, have spectral responses which
are wavelength independent. On the
other hand, photon detection re-
quires the energy of the incident
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photon to equal or exceed that
needed to break the bond between
an electron and a lattice atom. If
this binding energy is E, then the
wavelength A which the incident pho-
ton must have is given by A = he¢/E,
where h is Planck’s constant and
¢ is the speed of light. Expressing
A in microns and E in electron volts
gives A = 1.24/E,

For an intrinsic semiconductor,
E represents the width of the for-
bidden band, whereas for an #- or
p-type semiconductor E is the donor
or acceptor ionization energy. It
can be seen that long wavelength
response is accompanied by small
values of E. Of the intrinsic semi-
conductors used in detectors today,
indium antimonide (InSb) has the
smallest energy gap, the value of E
being 0.18 ev at room temperature.
Thus the long wave limit, known
also as the cutoff wavelength, of an
uncooled InSb infrared detector is
about seven microns.

Photon Detection

The three photon detection mech-
anisms widGely used are the photo-
conductive, photovoltaic, and pho-
toelectromagnetic (PEM) effects.
The photoconductive effect is the
increase in the electrical conduc-
tivity of a semiconductor caused
by the increase of free carriers pro-
duced by irradiation. The photo-

voltaic effect takes place at a p-n
junction in a semiconductor. Hole-
electron pairs produced by photons
falling on the junction diffuse in
opposite directions across the june-
tion, holes to the p side and elec-
trons to the »n side, producing a
charge separation and therefore a
voltage., The photoelectromagnetic
or PEM effect, also a diffusion phe-
nomenon, occurs when radiation
falls upon a semiconductor im-
mersed in a magnetic field.»*

The PEM effect is illustrated in
Fig. 1. Radiation falls upon a slab
of semiconducting InSb and is ab-
sorbed very intensely in a distance
of about 1 micron, giving rise to
free electron-hole pairs. These dif-
fuse from this region of high con-
centration into the bulk. In so do-
ing they cross lines of magnetic flux
from a small permanent magnet.
Since the electrons and holes are of
opposite electrical charge, moving
in the same direction, they are de-
flected toward opposite ends of the
sample, at right angles to the mag-
netic field plane and carrier veloc-
ity vectors. If the sample ends are
connected externally, a short circuit
current will flow as long as radia-
tion falls upon the sample.

Open circuit voltage is equal to
the product of the short circuit cur-
rent and the detector resistance.
Since indium antimonide exhibits
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Electrical leads of the indium-antimonide element are being soldered
to terminals under microscope

magnetoresistive behavior—an in-
crease in resistance in a magnetic
field—the detector resistance is that
corresponding to the existing field.
If the radiation falling on the de-
tector is suddenly interrupted, the
current and voltage will drop to
zero at a rate such that 1/¢ of the
steady state value is attained in
about 0.2 microseconds in InSb at
room temperature.

Surfaces

The condition of the front and
back surfaces is of prime impor-
tance. Carriers which reach these
surfaces by diffusion recombine
there at a rate different from that
in the bulk. The parameter of im-
portance is the surface recom-
bination velocity, defined as the
recombination rate per unit area
per unit excess carrier concen-
tration just below the surface.
Surfaces with high recombination
velocities, such as are obtained
through use of abrasive powders,
cause the excess carriers reaching
the surfaces to recombine, reducing
the photosignal. Surfaces produced
by selected chemical or electrolytic
etches have much smaller recom-
bination velocities and carriers
reaching them may still contribute
to the photosignal. Analysis shows®
that a PEM infrared detector
should have a low front surface
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FIG. 1—PEM detector generates a voltage proportional to the inten-

ity of the radiation (wavelength shorter than the long wave limit)

recombination velocity and a high
back surface recombination ve-
locity, together with a thickness ap-
proximately equal to the ambipolar
diffusion length in the magnetic
field.

The ambipolar diffusion length is
the average distance that the free
carriers will diffuse in a magnetic
field before recombining in the bulk.
A low value of front surface re-
combination velocity allows the ex-
cess carriers produced near the sur-
face to remain free rather than
undergoing recombination. A high
recombination velocity at the back
surface insures that carriers reach-
ing there will recombine rather
than being reflected back into the
bulk. In the latter event they would
be moving counter to the flow of
carriers diffusing from the front
surface and would be deflected by
the magnetic field in directions op-
posite to those diffusing from the
front surface, thereby reducing the
photosignal.

PEM Detector

The heart of an InSb PEM de-
tector is the InSb element. Single
crystals of InSb are pulled by the
Czochralski technique from a cruci-
ble containing stoichiometric
amounts of ultra-high purity in-
dium and antimony. From theory®,
maximum performance is obtained

when both resistivity and electron
mobility are high. This condition is
obtained by controlled adding of ac-
ceptor impurities to the melt.

A slice of the single crystal is
lapped with abrasive powders,
glued to a glass substrate and cut
into rectangular parallelepipeds.
These are lapped and etched until
the final products are elements 1
mm by 1 mm by 25 microns thick.
The front surfaces have low recom-
bination velocities and the back
high recombination velocities. The
individual element is glued to a
brass plate upon which soft iron
pole pieces and electrical standoifs
are mounted. Soldered leads con-
nect the element ends to the stand-
offs. The pole piece assembly,
mounted upon an Alnico V perma-
nent magnet, is encased in a brass
housing having a calcium fluoride
infrared transmitting window and
a subminiature shielded connector.®
The over-all package is a cylinder
of 1.04 inches diameter and 1.25
inches length, exclusive of the con-
nector.

A figure of merit which describes
the performance of infrared detec-
tors is D¥*, pronounced ‘‘dee-star”,
the signal-to-noise ratio in a 1-cps
bandwidth per watt of radiant
power falling upon the detector
from a black body at a specified
temperature.
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In order to measure D¥, sinu-
soidally modulated radiation* from
a 500 K black body is allowed to
fall upon the detector and the sig-
nal-to-noise ratio in a known band-
width measured. The noise mechan-
ism of the InSb PEM detector is
that of thermal noise, the magni-
tude being about 7 X 107 volts in a
1 cps bandwidth. Since the resis-
tance of a typical detector is only
about 30 ohms, it is necessary to
transformer-couple to a low noise
preamplifier.

The output of the preamplifier is
coupled to a wave analyzer tuned to
the chopping frequency. The total
noise measured includes approxi-
mately equal contributions from the
detector and from the primary
windings of the transformer. In
this manner the value of D* for
500K radiation chopped at 400 cps
in a 1 cps bandwidth—written as
D* (500K, 400, 1)—is determined
to be 1 x 10° cm-cpsi/watt. The
value of D* is independent of de-
tector area. In order to determine
the noise equivalent power (NEP)
—+the radiant power falling upon
the detector which gives rise to a
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signal equal to the noise in a 1 cps
bandwidth—the value of D* is di-
vided into the square root of the
element area. Thus a detector hav-
ing dimensions 1 mm by 1 mm has
NEP (500K, 400, 1) of 1 x 107
watts/cpst.

By measuring the spectral re-
sponse on an infrared monochroma-
tor, it is possible to obtain D¥*,, the
spectral variation in D* as a func-
tion of wavelength, .. The value of
D*, (A, 400, 1) as a function of
wavelength is shown in Fig. 2. The
peak value of 3 X 10° em cpst/watt
occurs at 6.6 microns. This is ap-
proximately the cutoff wavelength
predicted from the energy gap con-
siderations discussed earlier. For a
1 mm by 1 mm detector the NEP
at 6.6 microns is therefore 3.3 X
10" watts/cpsi.

Responsivity—defined as the sig-
nal voltage per unit radiant power
falling on the detector—is of the
order of 0.7 volts per watt of 500K
radiation. Response time has been
found with a spark decay method
to be no longer than 0.2 psec. The
signal is therefore frequency in-
dependent from d-c to about 500 Kec.
Since thermal noise is also fre-
quency independent, the signal-to-
noise ratio is frequency independ-
ent to about 500 Kc¢. This flat char-
acteristic simplifies amplifier design
in wide band applications.

Comparative Performance

The InSb PEM detector has a
value of D* (500K, 400, 1) about
40 times poorer than the best avail-
able infrared detectors today. How-
ever, detectors exhibiting this su-
perior performance require cooling
to 77K, the temperature of liquid
nitrogen, or below. The PEM de-
tector, not requiring cooling, offers
a distinct advantage in reduced
system complexity. Its extremely
fast response, although difficult to
utilize completely because of the
bandwidth of the transformer, is
equal to or better than that of al-
most all other detectors. Since the
detector generates its own photo-
signal, it requires no bias battery.
Its spectral response is the longest
of the uncooled photon detectors
available today. The simple, rugged
construction, and ease of fabrica-
tion, have made it possible to con-
struct hundreds of detectors having

closely reproducible characteristics.

Applications of the InSb PEM
detector center around its long
wavelength response and wide band
performance. About ten percent of
the radiation from an object at
room temperature lies within the
spectral interval in which the de-
tector is sensitive. Referring to
room temperature objects, the de-
tector has a D* (300K, 400, 1) of
2 x 10" ¢cm cpsi/watt. A radiometer
incorporating a 5 cps bandwidth
and a 3 inch diameter £/0.7 mirror
has been constructed which demon-
strates the performance of the de-
tector. With an angular resolution
of approximately 10 milliradians—
1 foot at 100 feet—the radiometer
easily senses a person at 100 feet
by his thermal radiation and will
detect the change in radiant in-
tensity when the person opens and
closes a suit coat. Such a sensitive
and simple device has application
in intruder alarm systems.

Other applications which have
been explored include a thermal
mapping system, wherein by a me-
chanical scanning technique a ther-
mal picture of warm objects in a
wide field of view is displayed upon
an oscilloscope and photographed.
Application has also been made to
the hot box problem, the detection
of overheated railway journal
boxes, in which the detector has
proved very satisfactory. It has
also been used in the receiver of an
infrared communications link. One
application which appears promis-
ing involves horizon scanning, used
in space vehicles to establish the lo-
cal vertical by bisecting the angle
between the vehicle and opposite
horizons. The long wavelength re-
sponse of the InSb PEM detector
should make it useful in detecting
the discontinuity between space and
earth not only on the sunlit horizon,
but also on the dark by means of
the thermal radiation from the
earth.
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Tape Target Classifier
Trains Sonar Operators

New trainer utilizes multiplexing techniques to store the acoustic history of

sonar environment on magnetic tape for instruction of land-based students

By MELVIN H. DAMON, JR., Project Engineer, ITT Laboratories, Nutley, N. J.

FOR SONAR OPERATORS, the under-
water world is a confusing
jungle of shadows and extraneous
sounds. Sonar returns from pin-
nacles, old wrecks—even masses of
floating plankton coupled with in-
trinsic sea noises and reverbera-
tions—interfere with ready target
identification.

A trainer has been developed to
acquaint student sonar operators
with a realistic presentation of en-
vironment before they actually go
to sea. The trainer, described here,
records on magnectic tape a com-
plete omnidirectional, acoustic his-
tory of sonar environment. The
tape may be played back into a
land-based sonar. Over sixty sig-
nals from an active sonar are mul-
tiplexed and stored on a 14-inch
reel of magnetic tape. Narrow-
band audio signals are recorded us-
ing pulse-amplitude modulation
time-division multiplexing. The
ship’s course and sonar-sweep sig-
nals are frequency modulated and
recorded using frequency-division
multiplexing. Sonar synchronizing
pulses and voice commentary are
also taped.

An instrument tape transport
utilizing 1-inch magnetic tape run-
ning at 60 ips is the basic record-
ing mechanism. Fourteen parallel
tracks are spaced on the tape using
14 in-line heads for both record
and playback.

Except for transport-drive cir-
cuits, all stages are transistorized.
Modular construction is used
throughout for ease of maintenance,
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Sonar instructor can correspond and correct training procedure of ten sonar trainees as
they react to taped acoustic histories of actual submarine raids

replacement and test. An instrue-
tor’s station is provided for moni-
toring and directing.

Record/Playback System

Figure 1 is an over-all block dia-
gram of the record/playback sys-
tem demonstrating the multiplexing
techniques employed.

Signals obtained from a sonar
set for recording and reproduction
purposes have frequency compo-
nents in a limited audio spectrum.
These signals are recorded as sam-
pled data by pam time-division mul-
tiplexing. By sampling the signals
at a rate of at least twice the high-
est frequency of concern, all the
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FIG. 1—Block diagram of the record/playback system for training sonar operators. Record stages are at the left, playback at right

signal information is retained.
However, practical considerations
dictate slightly higher rates.

A record clock generates timing
signals at a rate necessary for
sampling and in a time sequence
necessary for commutating the
channels of audio signals obtained
from the sonar. The number of
channels that can be combined on
one track of the magnetic tape de-
pends on the sampling rate and the
packing density ; that is, the density
at which the time-division pam
samples can be recorded without
objectionable crosstalk between
channel positions. The number of
tape tracks needed depends on the
total audio channels to be recorded.

dn a typical sonar, 48 channels
of audio information must be re-

66

corded, each channel having a
range 100 to 1,500 cps. In this unit,
a sampling rate of 4 Kc is used and
six channels are recorded on each
track of tape without undue cross-
talk. Eight tracks are required for
storing all the audio information.

Clock

The record clock signal is re-
corded on the tape for purposes of
playback synchronization. In the
playback portion of the audio sys-
tem the eight tracks of sampled
audio information are recombined
in time sequence to form an array
of channel positions consistent with
the arrangement in the record sys-
tem.

A selection gate is used to choose
a channel or channels of the sam-

pled audio information for listen-
ing. This gate is time synchronized
with the taped information by the
recorded clock signal. Scanning of
the audio information by the selec-
tor gate is analogous to the search-
ing operation undertaken by an
actual sonar operator, and the gate
is positioned in playback as a func-
tion of the bearing selected by the
operator-trainee. After filtering,
the selected audio information is
presented to the trainee by a loud-
speaker.

Course information from the
ship’s gyro and sonar sweep signals
frequency modulate a number of
carriers which are frequency-divi-
sion multiplexed on three tracks
of the magnetic tape. The carrier
frequencies and f-m parameters are
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so selected that at least three sig-
nals may be recorded on each of
the tracks.

To fill out the spectrum of the
frequency-multiplexed tracks a
voice-commentary signal is added
to one of the tracks and sonar video
sum and difference signals are
added to the other two respectively.

At the playback end the informa-
tion in the frequency-divided tracks
is separated by appropriate filter-
ing. Demodulators recover the f-m
information.

The gyro signals are acted on by
the synchro data converters, de-
vices for converting the gyro sig-
nals from the ship’s reference
phase which existed during re-
cording, to the local reference uti-
lized at the playback sonar. The
signals are then amplified and di-
rected to the ship’s gyro input in
the playback sonar,

Keying pulses from the sonar
used for recording must also be
taped to synchronize and maintain
range integrity of the playback
sonar. The pulses are recorded as
carrier-frequency bursts of dura-
tion equal to the .pulses. At the
playback end an a-m demodulator
detects the envelope of the carrier
burst and regenerates the keying
pulses, which synchronize the PPI
display.

Several circuits are given here as
an indication of the techniques em-
ployed.

FM Modulators

Figure 2 shows the circuit of an
f-m modulator which has a 19.5 Ke
carrier. In basic concept, the modu-

lator is a sawtooth generator whose
repetition frequency is changed by
the amplitude of a modulating
signal. The sawtooth generator
consists of a capacitor run-down
circuit which feeds a voltage-ccm-
parator circuit. The voltage com-
parator compares the run-down
voltage to a fixed d-c voltage. When
these potentials are equal, a step
function is generated. This wave-
form is differentiated, triggering
a blocking oscillator whose output
causes the run-down capacitor to
resume its original state. This re-
storation generates the rapid por-
tion of a sawtooth waveform. The
amplitude of the modulating signal
varies the slope of the run-down
circuit.

Current Generator

Referring to Fig. 2, the parallel
combination of C, and C. make up
the run-down capacitor. Transistor
Q. is a current generator which
controls the time-rate of the capaci-
tor run-down. The modulating sig-
nal is fed to the base of the current
generator. The amplitude of the a-c
signal on the base of Q. will change
the amount of collector current,
which varies the amount of current
feeding the run-down ecapacitors.
Potentiometer R, determines the
maximum frequency deviation by
controlling the maximum amplitude
of the modulating signal on the
base of transistor Q..

To obtain linear frequency modu-
lation, the collector current in tran-
sistor Q. must be linearly related to
the voltage amplitude of the input
signal. The emitter resistor R. pro-

vides sufficient feedback to the run-
down transistor to achieve this
linear relationship.

The voltage-amplitude compara-
tor is a Schmitt trigger consisting
of two npn transistors, Q. and Q..
Transistor @, is normally not con-
ducting. An npn-type transistor is
used for the trigger, allowing the
run-down signal to be d-c coupled
into the base of a transistor that
will be nonconducting until the run-
down voltage reaches the firing
voltage of the trigger. During run-
down, this configuration presents
an extremely high impedance to the
run-down capacitors, which is im-
portant in maintaining linear rela-
tionship between the modulating
input-signal amplitude and the fre-
quency of the sawtooth waveform.

The negative-going step signal
coming off the collector of tran-
sistor @, is differentiated by the RC
network, R, and C,. The output is a
negative spike signal which trig-
gers the blocking oscillator through
the parallel triggering transistor

Q..
Blocking Oscillator

The blocking oscillator, incorpo-
rating transistor @, has an oN time
duration of approximately 2 usec.
The output from the blocking oscil-
lator is a pulse which is fed back to
the run-down capacitor to restore
its voltage to its original value be-
fore run-down started. Diode D,
prevents the blocking oscillator
transformer from loading the run-
down capacitors during the run-
down. Diode D, clamps the restor-
ing portion of the run-down voltage
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FIG. 2—This schematic diagam is typical of the arrangement of the f-m madulatar stages emplayed in the sanar trainer
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to the collector supply voltage —V,,.

Feeding the blocking-oscillator
signal back to the run-down ca-
pacitors can be thought of as posi-
tive feedback. The net result is a
free-running sawtooth stage. To
make certain that oscillation will
start when the supply power is first
turned on, the blocking oscillator is
a free-running type whose natural
frequency is considerably less than
that of the modulator. The blocking
oscillator is, therefore, always trig-
gered by the Schmitt trigger long
before it would trigger itself under
operating conditions.

Transistor @, keeps the modu-
lator carrier frequency constant, as
the temperature or supply voltage
varies, by varying the d-c bias on
the run-down transistor, Q..

The sawtooth signal at the charg-
ing capacitor is fed to an emitter
follower, Q,. Output of this stage
drives a low-pass filter, the output
of which is primarily the funda-
mental-frequency component con-
tained in the original sawtooth.
Harmonics of the sawtooth are ex-
tracted to avoid interference on
other f-m channels when the sig-
nals are multiplezed.

The f-m mixers are simple re-
sistor adding networks which mul-
tiply the signals onto one line. This
multiplexed signal goes to an emit-
ter follower, whose output feeds the
direct-record -amplifiers.

F-M Demodulator

As will be recalled, the f-m sig-
nals are multiplexed onto one track
of the magnetic tape. When the
tape is played back, the entire track
signal is parallel fed to the de-
modulators.

A bandpass filter at the input to
the demodulator will select the band
of frequencies associated with each
f-m carrier frequency. Each filter
will attenuate the voltage signals of
the adjacent channels by at least
20 db.

Referring to Fig. 8, a typical f-m
demodulator (19.56 Kc), the output
signal from the bandpass filter is
amplified by the transistor Q, and
then clipped by diodes D, and D..
The clipped signal is amplified by
transistors Q. and Q, Output of
this stage goes to the switching de-
modulator. The sine-wave output
from the bandpass filter has been
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converted to a square wave.

Basic principle of the switching
demodulator is explained with the
help of Fig. 3. A charging capaci-
tor, C,, is switched by a square-
wave input in combination with
two diodes. The capacitor is
charged to —11 volts by the square
wave through diode D, and asso-
ciated paths. As the input to the
switching demodulator is an f-m
signal, the frequency of the square
wave varies; consequently, the
value of the average current varies.
The average current attributable
to the carrier frequency is in itself
large, making small variations in
current difficult to detect. The d-c
current attributable to carrier is
cancelled by resistor R, and the
only signal found at the base of
the next transistor is the varying
component of the average current.
This process has accomplished the
demodulation of the f-m signal.

Peak-Amplitude Detector

Puise-amplitude modulation time-
division multiplex signals recorded
and reproduced in a magnetic-tape
storage system suffer from two
major degradations: (1) an ideal
pulse waveform is considerably
altered in the record/reproduce
process because of the limited band-
width available; and (2) because
of skew and weave of the tape,
there is variation (jitter) in timing
between tracks of the time-se-
quenced samples. Since properly
timed narrow pulses are necessary
for processing in the playback sys-
tem, circuits are incorporated
which reshape pulses from the
playback amplifiers. A peak-ampli-
tude detector performs this re-
shaping and provides narrow 2-
usec pulses coinciding with the
reference playback clock and hav-
ing an amplitude proportional to
the peak amplitude of the input-
pulse samples. This circuit is
shown in Fig. 4.

Pulses obtained from the play-
back amplifier, representing pam
signals from one track of tape
storage, are applied to the bases of
transistors Q, and Q., emitter fol-
lowers with capacitive loads and
no bias. These transistors are
complementary in that @, is an npn
type and Q. a pnp type.

Transistor @, will conduct only
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when the input signal is more posi-
tive than emitter voltage. For ex-
ample, when a positive pulse is
applied to the input, the load ca-
pacitor C, will charge to the
potential applied to the base.
When the input pulse decays, the
base potential will drop below the
emitter voltage, and the transistor
will be cut off, preventing capacitor
discharge.

The voltage at C, will remain
at the peak amplitude of the input
pulse until a positive recycling
pulse causes transistor Q. to con-
duct and discharge the capacitor.
Transistor Q, is an emitter fol-
lower isolating the peak detector
from its load.

Modulator

Transistors @, Q. and Q. com-
prise similar circuits, but since
they are of complementary types,
these stages will peak detect the
negative pulses appearing at the in-
put.

Crystal diodes D, and D. are
parts of a modulator which pro-
duces a pulse output when activated
by the strobing pulse, a pulse
timed to select the peak amplitude.
At the diodes’ junction a pulse
appears having a width equal to
that of the strobe pulse and ampli-
tude proportional to the magnitude
of the peak detector output, hence
proportional to the peak amplitude
of the input pulse. Q. is used for
coupling to an adjacent circuit.

Recycling and strobing pulses are
derived from the playback clock
and are timed to facilitate extract-
ing narrow pulses of a-m informa-
tion in proper sequence to the
signals taken from tape storage.

Audio Selection Gate

In playback, pam samples are
recombined in the playback delay
line to form a time sequential of
the channel positions. Function of
the audio selection gate is to select
from the channel positions the sam-
ple chosen for monitoring by the
operator-trainee. It is necessary to
realize a smooth transition from
one channel to another. This is ac-
complished by making the selection
gate slightly wider than the chan-
nel sample spacing, and by per-
forming a multiplication of the
channel information and the selec-

tion gate. The multiplier is capable
of producing three voltage levels
of a particular audio channel, each
level appearing in sequence as the
sliding gate passes over the chan-
nel, and as a function of the coin-
cidence between the channel and
the sliding gate.

Referring to Fig. 5, the triangu-
lar sliding gate is amplified and
inverted by @, and fed to three
isolating emitter followers, Q. Q.
and Q..

The emitter followers feed three
limiters, @., Q. and Q. which
produce pulses 3, 6, and 10 usec
wide respectively. These pulses are
symmetrical about the axis of the
sliding gate.

If the selection gate is positioned
directly over a channel position,
the 3-usec pulse is then gated with
the full voltage of the channel sig-
nals, the 6-usec pulse with two-
thirds the signal, and the 10-usec
pulse with one-third the signal.

The number of gates in operation
at any one time depends on the po-
sition of the sliding gate in respect
to the particular channel pulse.

Each of the limiters serves to
enable a bipolar AND gate. Typical
of these is the gate made up of
diodes D, and D.. The gates are
fed in parallel by properly attenu-
ated audio-channel signals.

Pulse spacing of the audio chan-
nels at the output of the playback
delay line is approximately 5 usec.
Since the sliding gate is approxi-
mately 10 usec wide at its base,
at least one audio pulse sample must
always be within the gate. As the
selection gate slides away from one
sample it picks up a portion of the
next, thus providing the necessary
smoothing between channel posi-
tions.

The bipolar outputs of the AND
gates are summed across resistors
R,, R. and R, to give the final out-
put of the audio selection gate.

Performance

The sonar trainer described was
built for the U. S. Naval Training
Devices Center, Port Washington,

N.Y.
Designed to meet MIL-E-19100
specifications, units have been

operated both ashore and on ship-
board with a minimum of mainte-
nance.
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Industrial Hysteresigraph

Instrument provides rapid and accurate record of magnetic characteristics

of materials. Vibration isolation of galvanometer used in instrument per-

mits application in manufacturing plant

By R. R. BOCKEMUEHL and P. W. WOOD, General Motors Research Laboratories, Warren, Mich.

ANY IMPORTANT measure-

ments of d-c magnetization
and hysteresis characteristics of
magnetic materials are bypassed
because of inadequacies of avail-
able measuring equipment. An ex-
pensive instrument that requires
extensive environmental isolation
and highly skilled operators can
often be justified for a research
laboratory application but is im-
practical for most quality control
and product development activities
of a manufacturing plant.

A practical hysteresigraph, shown
in the photograph, has been devel-
oped.' This instrument employs a
continuous d-c¢ integrating tech-
nique.** Circuit simplicity and use
of commercially available compo-
nents results in an instrument hav-
ing relatively low cost, simple op-
eration and good flexibility and
which records magnetic B-H char-
acteristics rapidly, accurately and
reliably in industrial environments.

Integrating Principle

Voltage induced in a coil is pro-
portional to the rate of change of
the flux bounded by the coil. The
induced voltage must be integrated
to produce a signal analogous to
that flux. The circuit shown in
Fig. 1 performs this integration
with a high gain d-c amplifier and
mutual inductance derivative feed-
back loop. Feedback voltage is equal
to the mutual inductance M times
the rate of change of the amplifier
output current I. The large mutual
transconductance, G,, of the ampli-
fier causes the feedback voltage to
equal the input voltage minus a
small error signal equal to I/G.:
Md,/dt = Ndg/dt x 10° — I/G..

If the last term is neglected, the
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equation shows that any change of
flux A¢ produces a proportional
change in output current of MAl =
NAa¢ X 10 where N is the number
of turns in the sample coil.

The error signal 1/G,, introduces
an integrating time constant equal
to the product of MG,. Thus the
integrator is analogous to a simple
RC integrator but has a time con-
stant several orders of magnitude
greater than is possible with an
RC circuit. True integration is ap-
proached when the period of the
measurement is much less than the
integrating time constant.

The B-H characteristics of a
ring sample can be recorded di-
rectly on an X-Y recorder by plot-
ting the integrator output current
versus the sample magnetization
current. Actually, sample flux ver-
sus magnetization current is re-
corded but these terms can be con-
verted to flux density and field
intensity respectively by consider-
ing the dimensions of the sample.
A bar sample requires a second in-
tegrator for field intensity measure-
ment in order to integrate the air
flux which is proportional to H.

The d-c amplifier in such a sys-
tem must have a G,, of several hun-
dred thousand mhos and must have
negligible equivalent input noise
and drift with respect to input sig-

T

FIG. 1—Voltages induced by flux changes
are integrated by amplifier with mutual
inductance feedback

nals. These input signals are much
smaller than 1 microvolt.

Galvanometer-Photocell Amplifier

The circuit diagram of the in.
strument is shown in Fig. 2. A
voltage gain of about 8 x 10° is
obtained with the galvanometer-
photocell amplifier. Minute deflec-
tions of the galvanometer produce
a large change in the relative light
intensities on the two photocells
connected in the bridge circuit.
Magnitude and polarity of the
photocell bridge unbalance signal is
proportional to the galvanometer
deflection. Potentiometer R, bal-
ances small quiescent differences in
the two photocells. Output imped-
ance is reduced with cathode fol-
lower V, which is biased so that
zero output voltage exists when the
galvanometer current is zero.

Although vacuum phototubes are
usually used in amplifiers of this
type because of their low noise, a
significant increase of gain is real-
ized with gas phototubes without
introducing excessive noise. The
principal noise developed is caused
by vibration of the galvanometer.
Vibration isolation is obtained by
mounting the internally oil damped
galvanometer and its associated
optical system on a 140 pound iron
block. When operated near heavy
rotating machinery the recorded
noise level is equivalent to a flux-
linkage change of 2.5 maxwell-
turns; the vibration produces slit
image deflections less than 10~ cm.
Thus vibration noise will be neg-
ligible in almost any reasonable lo-
cation in a manufacturing plant.

The signal level at the output of
the galvanometer-photocell ampli-
fier is considerably greater than
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Uses D-C Integration
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FIG. 2—Instrument uses momentary contact switches to adjust zero position of recorder

the noise and drift levels of the suc-
ceeding vacuum tube amplifiers.
Conventional triode voltage ampli-
fier, V,, is coupled to current am-
plifier V, through a direct coupled
neon bulb network and a simple low
pass filter. The neon coupling net-
work greatly simplifies power sup-
ply requirements. Potentiometer R,
provides a bias adjustment for the
current amplifier but does not af-
fect the signal amplitude. Band-
width of the amplifier is limited
to eliminate high frequency insta-
bility caused by large amplifier
gain and derivative feedback. Net-
work R,C, provides an adjustment
of the rate of signal attenuation as
a function of frequency and permits
an optimization of frequency re-
sponse and stability.

Current through current ampli-
fier V, depends primarily on grid
voltage and cathode resistance. The
amplifier plate is effectively a con-
stant current source for the pri-
mary of the mutual inductance.
Calculations involving the sample
dimensions and the desired recorder
full scale values determine the set-
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tings of R, and R; needed to cali-
brate the recorder directly in units
of flux density. A similar network
(not shown) permits direct con-
version from magnetization cur-
rent in a ring sample to units of
field intensity. Full scale recorder
calibration can be adjusted con-
tinuously from 250 to 500,000 max-
well-turns. A dry cell in the cali-
bration circuit cancels the voltage
due to quiescent amplifier current.
The galvanometer-photocell elec-
tronic amplifier combination has a
mutual transconductance of 2 X
10° mhos. This, in conjunction with
the 50 mh mutual inductance pro-
vides an integrating time constant
of 10* seconds. Errors resulting
from this time constant are less
than 0.01 percent of full scale per
sec of recording time. Time to
record a complete hysteresis loop is
typically between 10 and 30 sec.
The input circuit of the instru-
ment is formed by a series loop
which includes the sample coil, the
galvanometer, the secondary of the
mutual inductance and an adjust-
able voltage network. A d-¢ poten-

Output of instrument is fed to X-Y re-
corder to obtoin mognetic chorocteristics

tial of 1 mv in this input loop will
be integrated causing the amplifier
output current to drift at a rate
of 2 ma per second. Therefore,
thermal potentials must not only
be constant but must be effectively
cancelled to eliminate drift. The
battery and potentiometer network
in the input develops a potential
difference across two 1-ohm resis-
tors and is adjusted to cancel exist-
ing thermal potentials. Input circuit
loop connections are made on an in-
sulated copper block which has a
thermal time constant compatible
with the integrating time constant.

The instrument performs satis-
factorily with X-Y recorders having
full scale sensitivity of 5 or 10 mv.
Full scale pen speeds of 1 to 2 sec
are desirable.

The magnetization current source
must be smoothly variable through-
out a range including both positive
and negative currents. If the max-
imum current requirement is less
than 10 amp, simple power tran-
gistor circuits‘ are applicable,

Three units have been con-
structed having identical character-
istics. Shakedown time has been
negligible and 100 percent reliabil-
ity has been realized.
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Solving Noise Problems in

Computer reading and writing should occur when the signal-to-noise ratio is

highest. Strobing pulses define these times. Instead of using a strobe pulse

that is derived from the computer’s clock, this system uses a drive-sampling

core to generate precisely-defined strobes

By A. H. ASHLEY, Advanced Development Engineer, E. U. COHLER, Dept. Manager,
Computer Advanced Development Dept., Sylvania Electric Products, Inc., Needham, Mass.

OINCIDENT-CURRENT memories
C sometimes encounter a low
peak-signal-to-peak-noise ratio. The
standard method for getting around
such situations is by strobing, that
is, using the output at the time of
peak signal-to-noise ratio. In the
transistorized memory for the Mo-
bile Digital Computer (MOBIDIC),
the optimum strobe time was not
well defined, since the computer had
to perform over a temperature
range of —30 C to +55 C. Normal
variations in circuit delays for such
environmental extremes make any
choice of fixed strobe time ques-
tionable. For this reason, the new
system obtains its strobing pulses
directly from driven cores, rather
than being tied to an arbitrary tim-
ing scale fixed by the computer
clock. Such a system overcomes
the problems of variations in driv-
ing circuits, temperature varia-
tions in peaking time, and wave-
form variations due to load changes.

The Noise Problem

Coincident - current memories,
widely used in modern computers,
are limited in size and speed by
stray noise occurring during the
read-out operation.!

In an array of n x = cores, the
sense winding threads n° cores, one
of which is fully selected by the
coincidence of two half-current
drives, and 2n —1 of which are
half-selected by a half drive. Free-
man has shown that the noise volt-
age contributed by the 2n —1 half-
selected cores of an array appears
on the sense winding before the
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peak ONE output from the fully-
selected core.” The noise voltage
(ZERO) can be even greater than
the voltage due to a sensed ONE.
Thus, the signal-to-noise ratio is
less than one, and amplitude dis-
crimination alone is inadequate to
distinguish between ZERO and ONE.

Figure 1 shows typical wave-
forms. Here the peak noise voltage
is less than, but of the same order
as, the peak signal voltage. Noise
voltage may have the same polarity
as signal voltage, although this is
not indicated in Fig. 1.

Conventional Solution

The usual approach in overcom-
ing the noise problem is to apply a
narrow pulse to a gate input of the
sense amplifier at the time of opti-
mum signal-to-noise ratio. This
time occurs after the noise has died
down and is close to the peak of
the ONE signal. The strobe pulse is
usually generated by the system
clock, either by delaying the clock
pulse which initiates the READ se-
quence or by selecting a particular
clock pulse in a multiphase system
therefore the strobe pulse is fixed
in time relative to the clock.

In a large memory system em-
ploying many driver circuits it is
inevitable that there will be varia-
tions in the delay between the time
the clock starts the READ sequence
and the time the READ current actu-
ally reaches the drive line. This
variation in circuit delay is espe-
cially noticeable in transistorized
memories due to marked variations
in transistor gain, cutoff frequency

and storage charge. In addition to
various delays, there are variations
in drive-current waveform, caused
by changing load impedances; these
change as addresses are changed
between word registers containing
mostly ONE’s or mostly ZERO’s.

Thus, even if we are free to ad-
just the strobe time, adjustment is
at best a compromise among the
delays observed in the completed
system. As the machine ages, other
factors effect changes in peaking
times, and may well increase the
variance among various addresses.
Thus, the strobe time may have to
be readjusted and the margins may
well worsen despite all adjustments.

The waveforms in Fig, 2 show
the variation in read-out time due
to drive current waveform varia-
tions alone; there is a fixed circuit
delay from the initiating pulse to
the start of the drive current. Nor-
mal drive current has a rise time of
about 0.36 usec. Early and late
drive currents, which cause worst-
circuit conditions, are indicated by
broken-line waveshapes in Fig, 2B.
The normal drive produces a core
output (Fig. 2C) to drive the sense
winding, which in turn, drives the
unstrobed sense amplifier. Normal
sense-amplifier output (Fig. 2D)
begins 0.94 usec after the start of
drive current.

For a slow-rise-time drive cur-
rent, sense-amplifier output starts
1.04 usec after the start of current
drive; for a fast-rise-time drive
ourrent, output lag is about 0.8 psec.
If a particularly noisy zERO were
read out (Fig. 2E) by the slower
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Digital Computer Memories
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(and lower) drive current, it could
cause a sensed output (Fig. 2F)
lasting until 1 usec from drive-cur-
rent start; this time is only about
0.1 usec before the end of the early
ONE read out by a faster, higher
amplitude, drive. To permit error-
less readout under the conditions
shown in Fig. 2, the strobe should
start at 1 usec, early enough to
get an early oNE and late enough to
reject a late ZErRo. The operating
margin would be very narrow,
Because of the circuit delays be-
tween the initiation of the READ
pulse and the start of the drive cur-
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rent, a marginal situation is cer-
tain. It is difficult if not impossible
to hold the delay down to less than
#+0.15 usec in a transistorized com-
puter, especially when the circuits
are subject to wide ranges of am-
bient temperature. Therefore, the
conventional strobe is inadequate
for transistorized drive circuits op-
erating over a wide range of en-
vironments.

Current-Derived Strobe

With a strobe pulse derived from
the drive current, the effects of cir-
cuit delay variations are avoided
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REGISTER
DRIVER

INVERTER

o
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38 sense-winding lines

and the system is marginally satis-
factory. However, the operation of
the system is still dependent upon
maintaining tight ccatrol over the
drive-current waveform. Overshoot
on drive current could still read out
the ONE’S so early that the strobe
pulse would miss entirely.

Core Derived Strobe

This method produces a strobe
pulse sensitive not only to the time
at which current starts, but also to
the waveform of the current. The
ONE output of a memory core which
has the same drive as the selected
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memory word provides the desired
strobe pulse.

Figure 3 shows the basic method.
The strobe core receives the coin-
cident currents from the 2 and ¥
coordinates of the memory. The
strobe-core ONE output drives a
sense amplifier which is gated open
by its gating stage. This sense amp-
lifier amplifies the ONE input,
shapes the portion above the dis-
crimination level, and supplies an
input to a register driver. The de-
layed output of the register driver
opens the gating stages of 38 sens-
ing amplifiers which receive inputs
from the 38 sense windings thread-
ing the 38 matrices of MOBIDIC’s
memory.

In Fig. 4, the inputs and outputs
which are not enclosed by paren-
theses are the strobe-line connec-
tions indicated in Fig. 3; inputs
and outputs enclosed by parentheses
are the sense-winding-line conneec-
tions indicated in Fig. 3.

The circuit delay may be ad-
justed so that the leading edge of
the strobe pulse arrives at the sense
amplifiers at the optimum strobe
time. Once set, the strobe will move
back and forth in time as driving
conditions change. Figure 5 shows
the same set of conditions as caused
marginal operation in Fig. 2, but
with a core-derived strobe. The
strobe is now flexible, with no pos-
gibility of error; the late ZERO,
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(Fig. 5B), previously marginal,
now has a full 0.12 usec after its
end before the strobe starts. A
ONE read out by the same drive
would arrive at the sense amplifier
gate 0.1 usec or more before the
strobe starts. Driver circuit de-
lays occurring before the start of
the drive current have no effect on
the relative time between strobe
and output. With the fixed strobe
of Fig. 2, a variation in delay of
=+0.1 psec would be excessive; with
the core derived strobe, delay varia-
tions of over 1 usec would be tol-
erable by the memory section, and
only system timing would dictate
the limits.

Test Results

In a test of a core-derived-strobe
gystem, one driver had a 1.8-Mc
transistor where the specification
required an 8-Mc unit. Whenever
that driver was used, an extra de-
lay of 0.8 psec was observed, but no
errors resulted. No fixed strobe
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FIG. 5—Timo relotion of strobes to early
(A) and late (B) waveforms

could work reliably with such wide
variations.

Modes of Operation

Another advantage of this sys-
tem arises in single-pulse opera-
tion, required in all large scale sys-
tems. A fixed strobe would have to
be derived from the initial clock
pulse and delayed by a delay line of
at least 1.3 psec.

While it may be thought at first
that the strobe pulse could be sup-
plied from a single core, as shown
in Fig. 3, this is usually not true.
For instance, in a memory which
is driven from a switch-core mat-
rix, one core inserted in the ground
return of both the 2 and ¥ coordi-
nates would receive the coincident
2 and y drives in addition to the
saturation noise current of 2*\/n—2
switch cores; with typical switch
core material of 90-percent square-
ness the amount of overdrive to the
gsingle strobe core would be 140-
percent, resulting in an early strobe
with very little sensitivity to wave-
form variations. This formula and
the percent of overdrive are func-
tions of the winding configuration.

A matrix of memory cores may
be employed with selective wiring
such that the noise currents are
spread out where they do not affect
operation.

For the 64 X 64 memory in com-
mon use, an 8 X 8 matrix of strobe
cores insures against any noise
current in the selected strobe core.
A compromise 4 X 4 matrix may
be chosen for wiring simplicity;
in this configuration only one half-
selected switch core supplies cur-
rent to each coordinate of the
strobe core matrix and this amount
of overshoot on the driving pulse
causes negligible timing variation.

If space allows, a complete
64 X 64 strobe plane may be pre-
ferable; the wiring complexity of
the smaller strobe matrices prob-
ably costs more than the extra
64 X 64 strobe plane at today’s
prices. Moreover, in certain cases
the larger matrix may be indis-
pensable.

REFERENCES
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-Memory, ELECTRONICB, p 194, Mer 1955.
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Ferrite Memory Oores. Proc of WESCON
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Boosting Function Generator

Output With |

Transistors

By D. R. CHICK,

Associate Engineer, Texas Instruments

Incorporated, Dallas, Texas

-'Ei—

Engineer checks performance of function generator

Function generators using diodes are normally followed by d-c amplifier

to compensate for reduction of output. Since circuit described uses transistors

no further amplification is needed

N COMPUTERS and in other de-

vices, it often becomes desirable
to use a circuit whose output is a
specific function of its input volt-
age. Such circuits are termed func-
tion generators. A diode function
generator, which is common in com-
puter circuits, will be reviewed first
so that a comparison may be made
between it and the transistor func-
tion generator which is described
later. Diode function generators
produce a curve by approximating
it with a number of straight lines.

Figure 1A shows a basic circuit.
The diodes are biased by series
batteries, but voltage divider re-
sistors mayv be used. Zener diodes
could alternatively be substituted,
but they are often undesirable
owing to certain inherent disadvan-
tages. Reasons for avoiding Zeners
in this application are that most
types have wide variations of volt-
age with extreme temperature
changes and they require consider-
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able current (8 ma) to establish
their breakdown voltage.

Operating Principles

Referring to Fig. 1A the current
through diode D, is V.y/R, and is

Vin =

{A)

Vour

A
(B)

FIG. 1—Function generator uses battery-
biased diodes

represented in Fig. 1B by line AB.
Since there is no bias on this diode,
the line AB passes through the
origin. (The small, but finite for-
ward voltage is neglected). Battery
B, in series with diode D. biases
this diode off until the input voltage
reaches a level corresponding to
point B’. Current through D. is
represented by line B’C’, and the
bias delays the start of this line
to B’

Current through diode D, corre-
sponds to line C”D”, with battery
B, biasing D, off until the input
voltage corresponding to point C”
has been reached. Currents through
D,, D., D, add in R, to give the out-
put voltage. Since R, is much
smaller than R,, R,, and R,, the out-
put voltage will be much smaller
than the input voltage.

Usually the output from a diode-
type function generator is between
ten and one hundred times smaller
than the input, so further ampli-
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FIG. 2—Analog voltage of required function is developed across Rc and inverted by Q.

fication of the output is generally
necessary. Because a stable d-c am-
plifier adds expense and complexity,
it is desirable to use a function
generator whose output does not
need to be amplified. Using tran-
sistors instead of diodes, a func-
tion generator whose output voltage
is several times greater than the
input can be designed, thereby
obviating the need for a d-c am-
plifier.

Transistor Circuit

In the transistor function gen-
erator of Fig. 2 the currents in each
transistor are represented by the
slopes of the line segments of Fig. 1.
The magnitudes of these currents
are determined by the input volt-
age V,x, Ve, and the values of each
emitter resistance. The transistors
are biased off by making their
emitters positive with respect to
their bases. The output signal is
developed across common collector
resistor R, and is referred back to
ground by an inverter amplifier Q,.

Emitter resistors are chosen to
give the proper current through
each transistor. The common col-
lector resistor is small enough so
that with maximum input voltage
none of the transistors have a col-
lector-emitter voltage near the sat-
uration value. (Vez = Ve — Viw —
I..... R.). The mathematical func-
tion to be generated can be more
accurately approximated by increas-
ing the number of transistors and
letting each one represent a smaller
line segment of the ideal curve.

Inverter

The last transistor (Q.) is the
inverter amplifier, whose emitter
resistor is chosen to give the de-
sired operating current at max-
imum input voltage. Its collector
resistor is chosen to give the de-
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FIG. 3—Output of function generator

sired output voltage, without caus-
ing the transistor to approach sat-
uration voltage.

One application of this circuit
is to compute the ground range of
a radar target when the slant range
is given. A solution of the equation
is a curve whose slope decreases
as the independent variable in-
creases. The normal output of the
transistor function generator of
Fig. 2 is a curve whose slope in-
creases with the independent vari-
able. If the slant range equation
is subtracted from a constant volt-
age a new curve will result. This
curve will have the proper slope
(Fig. 3). Subtraction can be per-
formed by this circuit if the output
is taken between the common col-

lector resistor and ground.

This circuit is used normally to
generate a curve whose slope has a
positive derivative.

Temperature Stability

To give this circuit temperature
stability, it was necessary to put
two silicon diodes in series with R.
(see Fig. 4). The forward voltage
across these diodes changes with
temperature in approximately the
same manner as V;; of the inverter
amplifier transistor, and causes the
input to that stage to decrease with
temperature. This decrease in in-
put voltage compensates for the
increase in gain at high tempera-
tures which is caused by the de-
crease of V¢ at high temperatures.

Output of this amplifier across
R, was about ten times as large as
the output of a trial diode function
generator. The output could be
made larger by increasing R..
To allow for this increase in voltage
across K., Ve must be increased.
The factors that limit the magni-
tude of the output are Icm., Vo
(which is limited by Ves), Vet
and R..

If it is desirable that the output
function be changed from time to
time, ease of adjustment can be
improved by making the emitter re-
sistors larger than required to bias
each transistor. In Fig. 4, R”; is
selected as the smallest value of R,
expected to be used and is deter-
mined by the desired maximum
current through the transistor
being biased. R’. is added to give
desired adjustments. The total re-
sistance is now R’. plus R”.. The
value R,,.. is selected to give the
proper bias point for the transistor.
Because the bias current does not
flow thru R’ it does not effect the
turn-on point of the transistor.

DIODES FOR ¥
TEMPERATURE
COMPENSATION

e

Vee

Vin

Vour

FIG. 4—Silicon diodes have reduced forward-voltage at high temperatures; they stabilize

overall gain
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This model of the binary symmetric channel symbolizes the probability of error, p. How can a one received in the zero slot be caught and corrected?

Group codes for prescribed error patterns

“Information signals, representing zeros and
ones, are transmitted through a binary sym-
metric channel at such high speeds that they
are subject to channel noise. Through group
codes it is possible to detect and correct
automatically large classes of errors that
may arise from such disturbances.

Usually, in optimizing these codes all
possibilities are classified and samples of
each are evaluated. But this task can be-
come enormously complex. For large infor-
mation blocks, such as a 70-place code,
ithere may be billions of possibilities to

evaluate. To reduce the need for these ex-
haustive methods, IBM scientists have
evolved a preliminary theory for construct-
ing group codes through a correlation anal-
vsis of error patterns.

Correlated patterns of errors are organ-
ized into equivalent classes and a code is
formulated to overcome the error-producing
characteristics of the communications chan-
nel. A code for one pattern of errors may
be transformed mathematically into codes
for other patterns of the same class. By pre-
scribing which error patterns can be cor-

rected, codes with a minimum number of
checking signals may be formulated.

This optimizing process can have prac-
tical significance since everv checking sig-
nal for a given number of information signals
in a group code increases the cost and delay
in information processing. In addition to the
work described here, other approaches to
the problem of code simplification are being
made at IBM through linear programming
and computer simulation.

IBM.RESEARCH

Investigate the many career opportunities available in exciting new fields at IBM,
International Business Machines Corporation, Dept. 55404, 590 Madison Avenue, New York 22, New York



Table I—Characteristics of Paper and Plastic Capacitors

Voltage Capacitance Max. Diss. Factor Volumetric Min. Insutati C itance Change Remarks
Capacitor Style Rating (25C) Rating  Temp Range Limit (25C) Efficiency Res (Ohms X F)
Voits d-c »F Degrees C Percent uF/in3 25C 85C 125C ~55C 8C 125C
Subminiature 100-1,000  0.001-1 — 55 1 0.03-2 2,000 20 10 =10 +5 +10  Mil. Spec. MIL-C-25,
Paper Dielectric + 85 Styles CP04, 05, 08, 09, 10 and 11
+1252
High-Reliability 200--600 0.001-1 -~ 55 i 0.03-1 15X10¢ 20 HR"  Seerw 4 7.5 Mil Spec. MIL-C-14157,
Paper Dielectric +125 to to to ~3  Styles CPM08, 09
25X 102 250 -7.5
Mylar® Dielectric  200-1,000 0.001-1 — 55 0.8 0.1-2 5X10¢0 5,000 100 -5 +5 +12  MIL-C-19978 (Navy)
+ 85 MIL-C-26086 (USAFY
+125
Polystyrene 50--600 0.001-1 - B8 0.01-0.7 108 100 ... + 1.5 -1.5 MIL-C-19978 (Navy)
Dielectric 85 0.1 MIL-C-26088 (I'8AF)
. . Dielectric absorption 0.1 pereent
Teflon® Dielectric  200-800 0.001-0 ™ - 58 0.1 0.03-0.3 100 ... 2000 2 ... — 4¢ Dielectric absorption 0.1 percent /
+200
Metallized Paper 50~-600 0.01 -6 — 58 1-1.5 0.2 -9 500 20 10 10 =5 410 For 50 vde units, use Sig Corps
+ 85 to to 8CL-6412, as a guide, For others,
. +125 6,000 250 . MIL-C-18312 (Navy}
Metallizsed Mylar®  200-600 0.01 -12 — 5§ 1-1.5 0.2 4.6 2,000 250 50 -~10 +5 +15  MIL-C-18312 (Navy) can be used
+ 85 as a guide
+125
Metallized Difilme  200-600 0.01 -12 —- 85 1-1.6 0.2 -8 2,000 10 —-10 =2 410 Dual dielectric ecombination of
+125 to netallized paper and plastic fitm
40
Stripped Lacquerd 50 01-586 55 2 517 600 100 e 42 47 Under Signa! Corps and Western
+ 85 —-10 -3 Electric production-development
Deposited Teflon® 50 0.1 -15 — 55 0.5 50 2X100 . ... 1,00 =2 ..., @ 2 Current Signal Corps develop-
+125 ment
@ Characteristic E-85C, characteristic K X 125C: ® Dupont: < Sprague Electric Co.: ¢ cellulose acetate: ¢ limits are for high temperature of 200 C: 7 MIL-C-19978 (Navy!

and MIL-C-26086 (USAF)

Paper and

Plastic Film Capacitors

Characteristics of semi-precision capacitors currently used in military

equipment are listed with pertinent parameters

By ALBERT LUNCHICK,
U. S. Army Signal Research and Development Lab., Fort Monmouth, N. J.

PAPER AND PLASTIC film capacitors comprise a major
portion of the overall capacitor field. These capacitor
types generally fall between the low-capacitance pre-
cision r-f types, such as mica and ceramic, and the
general-purpose ceramics and high-capacitance elec-
trolytics.

In this respect, they can be classified as semi-
precision capacitors suitable for filter, blocking
and bypass applications. Premium polystyrene and
Teflon capacitors are actually precision capacitors
with exceptionally high insulation resistance, low
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losses and low dielectric absorption, and are relatively
temperature stable.

Table I lists only those parameters necessary to
compare the different types and limits the listing to
hermetically-sealed, metal-encased axial-lead tubular
designs that form the bulk of military purchases of
capacitors using paper and plastic film dielectries. It
is not possible, nor is it intended that the chart be
all inclusive with respect to other military film types
or the ever increasing variety of commercial types
being offered.
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Allen-Bradley =
Resistors and Capacitors

...your assurance of the Quality and Reliability
of Potter Instrument Co.’s high-speed digital printer!

\.\‘“ . ~-*!-.4’;f ‘fl lf 'r! .".'y,-'- /'-/'.‘ 1/ /I‘/ f" i
* S804

When the duty is severe and the circuits are critical—such as missile and
aircraft checkout systems—you can obtain the necessary reliability with
Allen-Bradley quality electronic components. For example, Allen-Bradley
composition fixed resistors—made by A-B’s exclusive hot molding process
—are so consistently uniform in electrical properties that their perform-
ance can be accurately predicted for periods up to 100 years.* And you
can depend on these predictions because A-B resistors are complétely free
from catastrophic failures.

Another “exclusive” is Allen-Bradley’s Type A ceramic disc capacitor,
in one physical size for most values. Employing a unique “Auto-Coat”
process, the Type A capacitors are given a smooth, tough insulating coat-
ing of uniform thickness. Also, the ‘“Auto-Coat” process prevents run-
down on the leads-—costly wire cleaning and crimping to prevent solder
failures are unnecessary. Send for Technical Bulletin 5401, today.

*From Power Nomographs in Technical Bulletin 5000E, available on request.

New Allen-Bradley Type A
Ceramic Disc Capacitors

Made in one physical size—
0.55” diameter—for most popu-
lar types and capacitance values,

A-B Molded Composition Resistors
=S s

v —

9 T e

P — Q—"- ... g
r—a

Available in Y0, %, 15, 1, and 2
watt sizes. Standard E.lLA, resist-
ance values to 22 megohms.

Quality
Electronic Components

ALLEN-BRADLEY

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wisconsin ® In Canada: Allen-Bradley Canada Ltd., Galt, Ont.
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RESEARCH AND DEVELOPMENT

Ground-Based Missile Roll Control

By R. LOWRIE, The Meartin Co., Orlando, Fla.

MISSILE roll can be controlled with
photosensitive or infrared detectors
in a ground-based system. The
usual reference gyro and command
commutator are not required in the
missile, reducing cost, weight and
complexity of expendable hardware.
In their place, only two colored
flares are needed.

The optical tracker is effective to
several miles, permitting continu-
ous, unambiguous, automatic con-
trol of roll angle within a few de-
grees. Temporary loss of visibility
(from small clouds, for example)
need not interrupt control because
the system maintains a roll refer-
ence for a short time. The unit can
be housed in a 6-inch diameter
cylinder 18 inches long.

Data acquired by the system can
also provide a continuous counter
readout of missile range.

System Operation

The system in Fig. 1 is aimed at
the missile during flight with an
angular tolerance of =10 degrees or
more. Manual or automatic angle
tracking can be used. Two flares,
one red and one blue, are mounted
on opposite tail fins of the missile.

A lens system with color filters
passes light from the flares through
a slitted rotating disk to two photo
detectors. Circuits use the detector
outputs to control a motor that
drives the rotating lens assembly to
track the missile in roll. A com-
mutator attached to the lens assem-

COMMU- TRANS—
FLARES [ o COMMU- Ll TRANS-
|
RED, IBLUE
gy
ROLTSJ'S"G - DRIVE RANGE
ASSEMBLY [*=1 MOTOR INDICATOR
L—_l ]
i
SCANNER |« = oes = » evem as ~p~{ DETECTORS

FIG. 1—Red and blue flares on missile
enable roll tracking system to generate
roll control signals for tr ission to
missile

80

bly encodes directional commands
for transmission to the missile.

Four identical lenses in the ro-
tating lens system would produce
images of the flares like those in
Fig. 2A without color filters. Images
B and C are inverted by prisms.
Two red and two blue color filters
in the lens assembly produce two
images of each missile flare at the
focal plane, as in Fig. 2B.

The scanning disk behind the lens
assembly rotates constantly at
about 600 rpm. It has two slits 180
degrees apart, one covered with a
red filter and the other with a blue
filter. Each slit passes light from
the two images of the same color.

If the optical system is tracking
the missile in roll, images A and C
are aligned on a radial of the focal
plane and the rotating disk crosses
them simultaneously. However,
when the missile rolls out of phase

RED BLUE

BLUE RED
(A) (8)

would
produce flare images at (A) while two red
and two blue color filters produce those
at (B)

FIG. 2—Four unfiltered lenses

with the optical system, the slits do
not cross the images simultaneously.
The time difference is proportional
to roll tracking error.

Detectors

Ags the slits pass the image spots,
light is focussed on both photo de-
tectors, which are also filtered so
that each responds to only one color.
Detector output pulses are amplified
and compared according to time.

Each detector produces two out-
put pulses. The first pulses from
each detector (from images A and
C) control the lens assembly mo-
tor, which is driven faster or
slower depending on which detector

BLUE

c 0 c 0

MRS | W
(A) (B)

FIG. 3—Missile position at top of (A) is
being correctly tracked in roll so that first
two detector pulses coincide in time. With
incorrect tracking at (B), they do not

sees its flare first. If rotation rate
corresponds exactly with that of the
missile, coincidence of the detector
signals keeps motor speed constant.
Two conditions of missile and lens
assembly position and the relative
outputs from the red and blue photo
detectors are shown in Fig. 3.

A time difference between pulses
A and C can control the lens assem-
bly motor with a circuit like that
in Fig. 4. The two relays have fast
close and slow dropout characteris-
tics because of the large capacitors.
The first pulse from a detector
closes its relay for about 50 milli-
seconds, locking out the other re-
lay. This action continues at the
repetition rate of the scan disk as
long as one photo detector produces
a pulse before the other.

The relays directly control direc-
tion of rotation of the lens assembly
motor. Relay actuation time could
be made proportional to time differ-
ence between pulses into the photo
detectors.

Time order of the second two
pulses (from images B and D) is
used to avoid 180-degree ambiguity.
The time between these pulses is
also proportional to range. If flare
separation is known and the missile

MARCH 25, 1960 - ELECTRONICS



3

R B B B e B e B e e e o e o e o e SR o ey S B e Mo e i s
PROFESSOR MIZZLE VON BOMB presents

fireat Moments In Blectronics
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I NOW DEMONSTRATE

DER VORLDS FIRST
TELEGRAPH!

DIS ISS AN ACTUAL
MESSAGE FROM ACROSS
DER OCEAN ! ...

OOOO

VON BOMB HAF
MADE HISTORY

_i [y P\

“Zhame on you!”, Professor. You'll please people Acceleration 0.1 — 1000 g
(and EE’s too) when you demonstrate SIE’s T-1A Velocity 0.01 — 100 in/sec.
Vibration Meter. It’s transistorized and portable for Displacement 0.001 — 10 in.
measurement and analysis of vibration velocity, ac- Accuracy Better than 5%
celeration, and displacement. Frequency range 5-10,000 cps

Don’t get ridden out of town on a rail over your choice of test instruments.
Velcome” the SIE representative when he calls.

Write today for prices and specifications.

A SOUTHWESTERN INDUSTRIAL ELECTRONICS CO.
3 A DIVISION OF DRESSER INDUSTRIES, INC.

10201 Westheimer < P. 0. Box 22187 - Houston 27, Texos + HO mesteod 5-3471
CABLE: SIECO HOUSTON TWX: HO-118S
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INCREASE

Component Inserting

up to 8 times with
DYNASERT MACHINE

o Improved reliability
e Low or high volume runs

If you are inserting components into PW boards
by hand, you can step up your production and cut
costs. DYNASERT Component Inserting Machines
are adaptable to practically any type of production,
will help reduce your costs.

You get precise trimming, bending, inserting,
and clinching of components without damaging
component leads or body. Boards are more uniform
and leads are put in positive position which allows
better soldered joints and fewer repairs. Change-
over from one component location to another can
be made quickly.

Complete line of highly engineered, dependable
production Dynasert machines are available, either
as single bench mounted units or multiple unit con-
veyors. Send coupon today for more information

New Model C Bench Mochine for

assembling oxiol leod components
including smoll % -wott resistors ond
diodes ond components vp to 1%”
in length with body diometers up to

about cutting costs with DYNASERT equipment. 375%.
I United Shoe Machinery Corporation l
- I 140 Federal Street, Boston 7, Massachusetts I
I Gentlemen: l
| O Please send me your illustrated booklet “Dynasert I
l Production Equipment for Electronics.” I
UNITED SHOE MACHINERY | L) Please have representative call to tell us how we may |
CORPORATION |
= Name....ocoosesssssoccosccss Title.oooseaoooaonne I
140 Federal Street, Boston, Mass. COMPANY «eevevenroocesesscsosssonasssnsnsssassss
Liberty 2-9100 ] Street |
l CUY.coteersoscssocsssossssse State..coeeieeecescnss l
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FIG. 4—First detector pulse actuates its
relay and locks out the other relay

is being properly tracked in roll,
this time difference can be used to
operate a missile range indicator.

Electronics Advances
In Ignition Systems

HIGH-VOLTAGE transistorized auto-
mobile ignition system may soon be
marketed by Electric Autolite. It
has been under development for sev-
eral years (ELECTRONICS, p 20, June
27, 1958 and p 78, Nov. 21, 1958).
The same company has been de-
veloping a low-voltage, capacitor-
discharge, transistorized ignition
system designed around the char-
acteristics of a special surface-gap
spark plug.

Through use of a high-voltage
transistor - switched transformer,
the system switches more current
and faster than conventional sys-
tems, but does it without erosion
or bluing of distributor contacts.
Thus, the ceiling on ignition system
voltage is lifted making it practical
to put significantly more current
into the system thereby getting
more voltage out. The system also
provides a solution to the problem
of voltage falloff at high speeds.

The distributor contacts function
only to trigger a transistor and
time the firing sequence of spark-
plugs. This technique eliminaies
poor and erratic firing of spark
plugs caused by arcing which steals
energy from system and delays fir-
ing. Current through contacts is
1/15th that of conventional system
while higher system current, result-
ing in higher rate of energy
buildup, is provided.

The transistorized units will be
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made available for 12- and 6-v nega-
tive ground battery systems as well
as stationary systems operating
off a-c power.

Surface-Gap Plugs

The surface-gap plug consists of
center and ground electrodes made
of a high-melting point precious
metal, a gap of ceramic semicon-
ductor material and a conventional
spark plug shield. (}Materials used
have not been revealed.) Internal
arcing is prevented by an enlarged
tapering of the gap below the sur-
face. Required operating voltage is
under 1,000 v for a new plug; aging
increases needed operating potential
to about 5,000 v.

Cost will prohibit use of this sys-
tem for the commercial auto market
in the foreseeable future except as
optional equipment.

Advantage of the new plug is its
ability to fire under fouled condi-
tion—in fact, operation improves
as the atmosphere becomes more
foul. The plugs will fire underwater
or when immersed in oil.

Evaluation tests for the Army
are currently being conducted by
the Research Division of the
Detroit Tank Arsenal. Under nor-
mal engine operating conditions,
the plugs last slightly longer than
ordinary plugs; however, when
fouling or other engine troubles oc-
cur, the new plug gives 10 to 1,000
times the life of the older types.
Life runs up to 117,000 miles on
high speed turnpike driving have
been recorded.

Autolite’s surface gap spark plug consists
of center electrode (A), semiconductor gap
(B), ground electrode (C) and shell (D)
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The honeybee,
Apis mellifera,
uses the seven
outer segments
of its antennas
for distinguishing
thousands of
different smells,

DORNE & MARGOLIN,Inc.

i

vs. CERTAINTY

The honeybee’s sensitive antennas are 100 times
as efficient as man’s unsure sense of smell. This
certainty enables bees to locate pollen and nectar.
Yet temperatures below 43°F immobilize them and
they may starve to death even though food is
nearby.

Dorne & Margolin iFF Antennas and RF Com-
ponents are sure and positive in operation — even
under widely varying environmental conditions.

For example, a missileborne antenna must stand
the blasting shock of take-off, the intense heat of
acceleration to supersonic speeds, and the black
chill of outer space...and still be sensitive to
signals from earth.

Such performance requirements are everyday
routine at D & M, where advanced antennas have
been developed for aircraft and missiles for the last
decade. This wealth of experience often enables
D & M engineers to work out a solution to new
problems by redesigning an existing antenna de-
veloped for a similar purpose. Such shortcuts save
time and money . . . while making no compromise
with quality and performance standards.

Perhaps the answer to YOUR antenna problem
has already been found—at Dorne & Margolin.

Send for the new Antenna Catalog . . .

Excellent positions in a growing organization affording
opportunities for stock participation, as well as man
other benefits, are offered to engineers, Contact R.
Anderson, Chief Engineer.

WEST COAST:
1434 Westwood Boulevard
Los Angeles 24, California

EAST COAST:
29 New York Avenue
Westbury, L. L., N. Y.
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COMPONENTS AND MATERIALS

Microwave Amplifier Uses Tunnel Diodes

Laboratory model of a new traveling wave solid-state amplifier (arrow) is inspected

by W. W. Anderson and M. E. Hines.

resistance of tunnel diod in bi

'’

The amplifier makes use of the negative
tion with nonreciprocal ferrite atienuation, to

achieve a high amplification ratio without self-oscillation

A NEW broad-band microwave am-
plifier, described by M. E. Hines
and W. W. Anderson of the Bell
Telephone Laboratories, makes use
of the negative resistance of the
tunnel diode in combination with
non-reciprocal ferrite attenuation.
A high amplification ratio is
achieved without self-oscillation.

Signal Strength

The amplifier increases the
strength of radio signals over a
broad range of frequencies in the
microwave range above 1,000 Mc
and will have applications in radar,
microwave radio relay, satellite
communications, and waveguide
transmission systems. Power re-
quirements are low and the device
costs less and has great reliability
for signal amplification.

The device is built on a traveling-
wave concept with a row of Esaki
diodes along the center of a strip-
line waveguide. The negative re-
gistance of the diodes causes the
power in a signal wave to increase
progressively as it travels along the
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waveguide. By including non-re-
ciprocal ferrite attenuation in the
structure, the device is made to ab-
sorb waves traveling in the unde-
sired reverse direction and to am-
plify waves traveling in the desired
direction. This feature allows a
large total amplification to be ob-
tained with complete stability by
eliminating internal feedback which
has previously caused oscillations
and other difficulties.

The new amplifier opens a large
field of useful applications for the
Esaki diode by eliminating one of
the major difficulties in applying it
as a signal amplifier. The model de-
scribed recently operated most effi-
ciently at 1,000 Mc, according to
M. E. Hines. It is expected that the
frequency of operation of future
models can be extended to above
4,000 Me, still using germanium di-
odes. Much higher frequencies, per-
haps into the millimeter wavelength
range, should be possible with di-
odes of indium antimonide which
have been made by R. L. Batdorf,
also of Bell Laboratories.

At present, the device is in an
early research stage.

REFERENCE
(1) M. E. Hines and W. W. Anderson,
High-Frequency Negative-Resistance Cir-
cuit Principles for Esaki-Diode Applica-
tions, Solid State Circuit Conf., Digest of
Technical Papers, Feb. 1960, Lewis Win-
ner, N. Y. C.

Spiral Magnetics for
Computer Memory

EARLY WORK by A. H. Bobeck of
Bell Laboratories showed that a
copper wire wrapped with a spiral
winding of magnetic tape produces
a spiral magnetic path when a cur-
rent is passed along the tape and
the copper wire.

If such wires were then woven
into a grid, with copper wires run-
ning perpendicular to the spiral
magnetic paths—and if tiny perma-
nent magnets are placed at these in-
tersections—the intersections could
be used to store bits of information
in a temporary computer memory.

The concept is based on the in-
hibiting action of the permanent

Basic components of the Twistor module
are discussed by H. L. Stadler and D. G.

Clemons of Bell Labaratories. Readiness
for mass production was accomplished
through the closely coordinated research-
engineering work of Bell and Western
Electric. A partiolly assembled module is
in the foreground, with o pleted unit
behind it
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CBS Indium-bonded
Diodes Give You
Missile Reliability

|| SURVIVAL
{ BETTER THAN
99.985%!

Near perfection is demanded of computer’
diodes used in missiles. CBS Reliable
Indium-bonded Diodes meet this challenge
with an Acceptable Quality Level of 0.015%,
... a degree of quality never before achieved.
in semiconductor mass production. Only
one diode out of 6500 can fail!

This dependability is available for your
computer applications in a wide line of new
CBS Reliable Indium-bonded Diodes.
Exceptionally rugged design, advanced

oot ¢ —

-~

TYPICAL SEVERE TESTS
New CBS Reliable indium-bonded Diodes

Environmentai

« Temperature cycling, —65° to 85°C processing techniques, severe mechanical
o Hermetic seal, 100 psi tests, and automatic electrical tests make
e Moisture resistance exceeding MIL-STD-202A the difference. Ask_your Manufacturers
« Shock, 1000 G for 1 millisecond Warehousing Distributor or your local saleg)
« Centrifuge, 20,000 G office about these CBS Reliable Indium-
« Vibration, 15 G at 50-2000 cps bonded Diodes today. Get technical
* Salt spray and lead fatigue bulletin E-314R.

Electrical
» Automatic, both forward and reverse
* Pulse recovery time, JAN 256 circuit
s Electromechanical stability and noise
» Storage, 1000 hours at 85°C
« Over-all quality exceeds MIL-S-195008

semiconductors
®

More Reliable Products through Advanced Engineering

CBS ELECTRONICS, semiconductor Operations « A Division of Columbia Broadcasting System, Inc.

Sales Offices: Lowell, Mass., 900 Chelmsford St., GLenview 4-0446 + Newark, N. J., 231 Johnson Ave, TAlbert 4-2450 « Melrose Park, Ill., 1990 N. Mannheim

Rd., EStebrook 9-2100 « Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 « Atlanta, Ga., Cary Chapman & Co., 672 Whitehall St., JAckson 4-7388
Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457 o Toronto, Onl., Canadian General Electric Co., Ltd., LEnnox 4-6311
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atlee
clips
increase
their
grip
under

VIBRATION

and

SHOCK

TESTS PROVE IT . . . tests conducted independently by some of the nation’s
most critical users of component holders.*

the TESTS: o vibration at 500 cps with 90 g peak acceleration, and at
2,000 cps with 65 g peak acceleration, for one minute

® 1,750 impact shocks at 200 g, at right angles to and also
along the axis of the holder

® 100 complete cycles of component insertion and withdrawal
¢ all tests repeated after 15 minutes exposure to 500° F.

the RESULTS: no visible shifting of the component in the holder
no resonant frequencies developing under vibration
dynamic holding power unchanged by heat
dynamic holding power unchanged by use

force needed to dislodge component increased during tests
the REASONS: © severe vibration and shock cause the material of the holder

to flex slightly, producing a closer “set’” of the holder sur-
faces to the actual contours of the held component

atlee component holders szart out with a tighter-than-usual grip,
because of proper contours, construction and materials. As environ-
mental stresses increase, this holding power automatically increases to
meet the greater demand . . . because the holders actually mold them-
selves to the components. Here is an equipment designer’s dream come
true: the greater the stress, the greater the security.

DESIGN FOR RELIABILITY WITH atlee — a complete line of
superior heat-dissipating holders and shields of all types, plus the expe-
rience and skill to help you solve unusual problems of holding and
cooling electronic components. *Names on request

atlee corporation

(Formerly Atlas E-E Corporation)
47 PROSPECT STREET, WOBURN, MASSACHUSETTS
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magnets on the current.

Recently (ELECTRONICS, p 11,
Jan. 29) Bell announced that this
technique is now used in an actual
computer memory array built by in-
ter-weaving the twisted magnetic
tape, the copper word coils and pro-
gram cards that contain tiny perma-
nent magnets located at specific
positions on the plastic card. When
a magnet memory card is read by a
computer, an electric pulse is trans-
mitted if there is no magnet at the
wire intersections, or the electric
pulse is blocked if there is a magnet
present (see Fig. 1).

BIASED CORE SWITCH

I

I,AB'AS /

! 0N\

INZEN S

/YN N

P D NS R,
-I‘ DN ot p T &‘.

X

. ~\BAR
\\5"/ MAGNET
26 WRAPPED WIRES-

32 COPPER STRIPS, 0.060" WIDE
BONDED TO MOUNTING BOARD——=

>

FIG. T—A section of a Twistor-magnet
memory frame. Three cores of the biased
core switch or transformer and their word
coils or solenocids are shown, with eight
intersecting Twistors. The bar magnets
are shown as tiny blocks on the word
coils. For simplicity, the plastic tapes sup-
porting the Twistor wires and the word
coils have been eliminated, as has the
plastic card carrying the bar magnets

The first step in the manufacture
of the Twistor Magnetic-Memory
Frame is the preparation of the
magnetic tape used in wrapping the
copper carrier wire. Moly permal-
loy wire is drawn to a diameter of
about 0.001 in thick, then roll
flattened to a tape 0.0035 in. wide by
0.0003 in. thick. A specially de-
signed test set continuously checks
the magnetic quality of the wire,
allowing identification of that part
of the product which could cause
faulty operation of the memory.

Wrapping the Tape

The wrapping process required a
development program of its own. A
machine was designed which could
wrap the tape about 3 mil (40 AWG)
carrier wire quickly with a high de-
gree of uniformity. High uniform-
ity is necessary to minimize varia-
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tion in the magnetic characteristic
of the final assembly. An output of
300 feet of Twistor per hour is pos-
sible with the machines now in use.
With a 45 deg helix, this requires
1,140 turns of tape per foot of car-
rier wire of a speed of 5,700 rpm
for the wrapping head. Drawing
permalloy tape to these small di-
mensions and then applying it in
helical form were significant firsts
in this development.

Memory Module

Twenty-six pairs of Twistor-re-
turn wires are then laminated be-
tween sheets of Mylar tape. These
wires are positioned on 0.100-in.
centers across the width of the tape.
The separation between a Twistor
and its associated return wire is
0.020 in.

The memory module is built up
of arrays of tiny permanent bar
magnets located on plastic cards
which are superimposed on the grid
sensing element. The bar magnets
are formed by first bonding a 0.001-
in. thick sheet of vicaLLoy I, a
magnetic material, to a plastic card.
The card is then photoetched to
eliminate all magnetic material ex-
cept the small bars left at specifi-
cally desired locations.

An array of tiny transformers is
made, one connected to each word
coil of the module. A registration
mechanism insures that the mag-
nets on any program card are prop-
erly aligned over the bit position.
The unit is assembled into a com-
pact, mechanically rigged, reliable
memory package.

The signal from the Twistor is
about 6 millivolts at an impedance
level of 10 ohms and is about 1
microsecond long.

X-Ray Detector

INVESTIGATIONS into causes of mal-
function of the cathode spot in
high-voltage mercury-arc tubes are
being made by Ferranti Ltd, Lon-
don, England. They report the pos-
sibility that X-rays may be gener-
ated inside the tube causing the
emission of photoelectrons which in
turn may affect normal functioning.

A suitably sensitive X-ray de-
tector is being constructed to check
this malfunction.
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FREE ANALYSIS

OF YOUR DIFFICULT
MACHINING PROBLEMS

N

Chops time from 20 hours to 30 minutes drilling and
notching Silicon Carbide waveguide inserts

PROBLEM: Drill two .062" + .001 holes to a depth of .187 + .002, and
produce a notch .375 + .001 wide x .250 =+ .001 deep x 1" long with no
internal radius allowed on the end of silicon carbide sticks. The pieces
are for use as dummy loads in high frequency waveguides. Previously, the
holes were cut with carbide drills and the notch produced with diamond
wheels.

SOLUTION: A Raytheon Impact Grinding Analyst recommended drilling
and notching with a Raytheon Impact Grinder using mild steel tools for
both applications.

RESULT: Time dramatically reduced by 19% hours per piece. Expendable
tool costs virtually eliminated.

HOW YOU CAN BENEFIT: Whatever your difficult
cutting, slicing, drilling or shaping problem—in
hard or brittle material, your Raytheon Impact
Grinding Analyst can help you solve it. For full
details, fill out the enclosed coupon and send it in.

No cost or obligation. Excellence in Electronics

1 TO: RAYTHEON COMPANY

[ PRODUCTION EQUIPMENT OPERATIONS

1 MANCHESTER, NEW HAMPSHIRE

{0 Please send me literature on Raytheon
Impact Grinders.

{J Please have a Raytheon Impact Grinding Analyst
contact me.

My problem is: (describe metals or non-metals involved,
tolerances, etc.)

MAIL THIS
COUPON

FOR FREE
ANALYSIS

—without
cost or
obligation.

NAME

COMPANY.

ADDRESS

CITY. STATE

i
1
|
L

CIRCLE 87 ON READER SERVICE CARD

r----------------------1

L---------

87

I



PRODUCTION TECHNIQUES

Trays with numbered cavities provide each assembler with a parts
kit for a specific assembly or subassembly

Modular assembly station has trays on swing-out fixture, flotation
vise, iron stand, picture and model af assembly

Sequential Trays Speed Assembly

SPECIALLY-DESIGNED part trays and
tote boxes are reducing the costs of
producing electronic equipment at
Eclipse-Pioneer Division, Bendix
Corp., Teterboro, N. J. Trays pre-
sent components to assemblers in
assembly sequence. Tote boxes form
a protective enclosure to minimize
handling damage.

One type of parts tray is injec-
tion molded of linear polyethylene
to provide a series of numbered
cavities. The trays are loaded in the
stockroom and delivered to assem-
blers in cases containing enough
trays for a complete assembly. The
case fronts are clear plastic remov-
able dust shields. If more than 1
tray is needed, they are lettered
alphabetically.

In preparing the trays, assem-
blies are first analyzed to determine
the proper method and sequence of
assembling the components. Parts

stockroom and

loaded in
delivered in closed case

Trays are

COST REDUCTION

These methods were demonstrated
during a cost reduction symposium
Eclipse-Pioneer sponsored in February
for its suppliers on the F-105D air data
computer and flight instruments. Per-
sonnel interviewed estimated the meth-
ods described reduced assembly costs
12 to 55 per cent, depending on the
assembly. The official estimate of sav-
ings during the past 12 months from
these and other improvements in pro-
duction techniques and personnel train-
ing is $3.1 million. Vendors were urged
to institute similar cost reduction pro-
grams. Bendix supplies Republic Avia-
tion, which reported that in cooperation
with its vendors it is reducing the cost
of each aircraft from $3 million to $2
million. Republic said the savings would
permit it to supply the Air Force with
additional aircraft

numbers are written on Ozalid mas-
ters which diagram the location of
the numbered cavities, acting as
templates. Reproductions of the
masters are used to load the trays
and instruct assemblers. The mas-
ters are kept up-to-date for fur-
ther use.

The trays speed up assembly by
eliminating parts hunting and pre-
venting error. Plastic is used be-
cause it does not create dust or
particles and, when light-colored or
left a natural white, it prompts
cleanliness. One of the materials
handling objectives is the complete

elimination of cardboard or wood
packaging for precision parts.

Another type of sequential parts
tray also has numbered -cavities,
but is mounted on an upright metal
fixture which swings the trays in
front of the assembler. Both types
of trays permit work to be divided
among a number of assemblers by
merely limiting the number of trays
delivered each station.

Tote boxes for odd-shaped or
delicate assemblies are provided
with clear plastic dust covers and
separators or protective inserts to
cradle the assemblies. Some provide
a temporary housing of metal or
plastic.

Assembly stations are generally
provided with detailed pictorial
process sheets and a model assem-
bly cased in clear plastic. Flotation
vises of the type made by Flotron
Corp., Englewood, Calif., are used.
These have a ball and socket hase
for easy positioning and will accept
a variety of fixtures. The roll of

Tote boxes are designed to minimize
handling damage
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Wit was ¥ inevitable

DIFFUSED SILICON DIODES FROM FAIRCHILD

THE FIRST — An ultra-fast computer diode:
Four millimicrosecond maximum reverse recovery
time of this new FD 100 overcomes the diode-
caused speed limitations in computer circuits. Ca-
pacitance is only 2uuf at zero volts bias.

THE REASON —A need and the technology
to serve it: Fairchiid's diffused silicon transistors
- have achieved heretofore unattainable performance.
! Application of these transistors has in turn created
the need for silicon diodes of similarly outstanding
performance.

THE FOLLOW UP —A broad line of high re-
liability diodes: This Fairchild FD 100 diode is
- being followed by others providing industry-leading
standards in reliability and uniformity — backed by
a continuing accumulation of statistical data on a
large scale.

4300 REDWOOD HIGHWAY .

New York Area: Ploneer 1-4770 - Syracuse:
Washington, D.C.:

ELECTRONICS - MARCH 25, 1960

SAN RAFAEL, CALIFORNIA

GRanite 2-3391 « Philadelphia Area:

NAtional 8-7770 » Chicago: BRowning 9-5680 « Los Angeles:

TENTATIVE SPECIFICATIONS ~ FAIRCHILD FD 100
25°C Except As Noted

Symbol Characteristic Min. Max. Conditions

BY Breakdown Voltage 40 voits @ |g =100 uA

ir Reverse Current .100 zA @ Vg =30v, 25°C

Vg Forward Voltage Drop lv @ lf=10mA

C Capacitance 2 put @ VR =0v

tyr Reverse Recovery 9
Time To ir=1 ma 4mus @ lf=l==10ma
Maximum Power 200 mw.

Dissipation
Temp. Range Operating —65°C to 175°C
Storage —65°C to 200°C

For full specifications, write Dept. A-3.

— Laircwip

SEMICONDUC TOR CORPORATION

GLENWOOD 6-1130 « TWX SRF 26

TUrner 6-6623
OLeander 5-6058
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EECo CAPABILITY:

A MINUTE

WHICH OF THESE DATA PROBLEMS IS LIKE YOURS?

A million facts a minute can be processed by a single EECo system
in daily use at Edwards AFB. It collects data. Furnishes time

correlation, quick-look presentation. Search and location of data.

Digitization. It converts for tabulation, point plotting, and digital
computer input.

A quick look at telemetered data tells the test story at the Douglas

Aircraft-Sacramento facility where Thor rocket engines are tested.

This EECo system handles both PDM and FM/FM inputs. Patch
units select tape track, telemetering demodulation channel, visual

recorder channel. Choice of slow or fast recording of analog data.

Conversion of analog or PDM data to magnetic tape in the IBM 704
computer format. That’s the job done for Martin-Denver, home of
Titan ICBM, by an EECo-designed and EECo-built Digital Data
Processing System. Can also convert from computer magnetic tape
to punched cards.

May we put our experience to work on your problem? A call, letter or
Twx to EECo brings dependable help on the easiest or hardest data

processing assignment. Write for Digital Data Processing File 201.

EE 0-4

MISSILE AND AIRCRAFT RANGE INSTRUMENTATION * DIGITAL DATA PROCESSING SYSTEMS

COMPUTER LANGUAGE TRANSLATORS ¢ SPECIAL ELECTRONIC EQUIPMENT

CIRCLE 90 ON READER SERVICE CARD

Electronic Engineering Company of California

1601 E. Chestnut Ave., Santa Ana, Calif. « KImberly 7-5501 « TWX: S ANA 5263

MHarness wire dispensers are stacks of
tubes

solder is mounted under the bench
and solder is pulled up by hand as
required through a hole drilled near
the vise. The soldering iron holder
is mounted on a heavy aluminum
base equipped with wells for a wip-
ing sponge and a bottle of flux or
cleaner.

Wires for harnessing are kept in
tubes stacked in a frame. These dis-
pensers are made in modular sizes
80 they can be piled up for assem-
bly at a single station or divided
to break up works Tubes are open
at both ends for front or back load-
ing, at the assembly station or in a
stockroom.

Bench Setup Assembles
Potentiometer Dials

S
-

Assembler holds parts during machining

POTENTIOMETER dials and knobs are
drilled, tapped and assembled at a
single setup with a 6-spindle turret
drill made by Burgmaster Corp.,
Gardena, Calif. An instrument
manufacturer added an air cylin-
der-operated fixture which presses
the parts together and holds them
during drilling, tapping and fasten-
ing by a socket set screw. The tur-
ret is double-tooled, performing the
operations twice in each rotafion.
Spindle speeds shift as the turret
indexes. Tapmatic heads provide
torque adjustment for the taps and
hex wrenches.
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Tubing Completes
Hermetic Seals

UMBILICAL TUBING provides a con-
venient method of closing a her-
metically sealed container. At New-
ark Controls Co., Bloomfield, N. J.,
swage-closed tubing is used rou-
tinely for temporary seals at pres-
sures of 80 psi and has been found
adequate at pressures as high as
1,200 psi.

Nippers swage and clip tubing when
desired pressure is reached

Permanent seal is made with solder

The firm uses the tube method
to seal pressure and gas density
switches on a fixture valved to per-
mit evacuation, gas filling and pres-
sure measurement.

Copper tubing is soldered into the
switch body and is connected by
another length of tubing to a ma-
nometer. Gas or dry air is fed into
the switch after evacuation. At the
desired pressure, nippers are used
to close the tube and clip it close
to the switch body. The tube end
is bent close to the body and the
seal made permanent with a cover-
ing of solder.

Switch bellows are evacuated and
sealed by similar methods and
stored after evacuation. Umbilical
tubes connected to instrumentation
outside the test chamber is used for
high temperature testing. Gas den-
sity -pressure-temperature graphs
are used as references.

ELECTRONICS - MARCH 25, 1960
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DIRECT
READING

2

WATTMETERS

MODEL 612 These popular direct

reading instruments
Models 61 and 611 measure and absorb
are identical in power in 50 ohm
appedrance 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
requirements.

WRITE FOR BULLETIN TW606

SPECIFICATIONS

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 .
VS‘WR: Standard specification full scale. :ITI:H: !3|rdl standard gray
l;in;oanng!:rlmum over oper- INPUT CONNECTOR:, aked enamel.

i Female “'N'’. WEIGHT: 7 pounds.
URACY: 5% of f .

ACCURACY: 5% of full scale. ¢ 1ernaL cootLING OPERATING POSITION:
INTERNAL COOLANT: Oil. METHOD: Air Convection. Horizontal,

OTHER BIRD PRODUCTS

Q

A
] B
Thruline’’ “Termaline’’ Coaxial Coaxial
Directional RF Load Resistor RF Filters RF Switches

RF Wattmeters

CHurchill 8-1200 (Cleveland}
30303 Avurora Road, Solon, Ohio
Western Representative:
VAN GROOS COMPANY, Waodland Hills, Calif.

BI ELECTRONIC CORP.
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On The Market

Square Wave Filter
two models

CoNTROL ELECTRONICS Co., INC,
10 Stepar Place, Huntington Sta-
tion, L. I, N. Y. LF-125 square
wave filter maintains a constant in-
sertion loss to within 0.1 db over an
input signal range of 0-20 v rms.
It was designed to convert a 30

cycle, 60 v peak-to-peak square
wave input into a sine wave output
with less than 1 percent distortion.
One model has an input impedance
of 50 K ohms; the other, 100 K
ohms. Both have been designed for
an output to the grid and attenua-
tion of 40 db or more at the third
and higher harmonics.

CIRCLE 301 ON READER SERVICE CARD

Sampling Switch
motor-driven

INSTRUMENT DEVELOPMENT LAB-
ORATORIES, INC., 67 Mechanic St.,
Attleboro, Mass., has produced a
2-pole, 60-position, low-level sam-
pling switch which has run continu-
ously at 60 rps for more than 200
hr without contact bounce or sig-
nal contamination. Switch has per-
formed satisfactorily while under-

going missile vibration testing of
20 to 3,000 cps at 35 g’s for 35
minutes per axis. Designed for ap-
plication to an area defense missile
guidance radar system, the switch
samples Doppler velocity data for
range-rating purposes. It uccupies
only 43.7 cu in., weighs less than
2.5 1b and consumes only 7 w of
power at 100 v, 400 cycles single
phase.

CIRCLE 302 ON READER SERVICE CARD

Low Capacity Bridge
self-contained

MARCONI INSTRUMENTS, INC., 111
Cedar Lane, Englewood, N. J.
Three terminal capacity measure-
ments from 0.002 ppf to 1,000 ppf
can be made with the model 1342
bridge. Accuracy is +0.2 percent.
Instrument is valuable for measur-
ing tube interelectrode capacity,

circuit strays, r-f network com-
ponents, ete. Extreme resolution
makes temperature coefficients and
small capacity changes easy to
measure. Operation is based on a
transformer ratio-arm bridge oper-
ation at 1 Ke. This technique uses
only one capacitive and resistive
standard which can be selected for
extreme accuracy and stability.
CIRCLE 303 ON READER SERVICE CARD

Metal Nameplates
adhesive backings

HALLMARK NAMEPLATE, INcC., 19
Gazza Blvd.,, Farmingdale, L. I,
N. Y. Perf-i-Kal metal nameplates
are announced. Company uses new
production techniques to enable

small manufacturers and producers
of prototype equipment to obtain
nameplates in 1 to 100 piece quan-
tities with fast delivery. Material
ranges from 0.003 to 0.125 thick
aluminum, with adhesive backings
to conform to MIL-N-25076-1, and
-2 as well as pressure sensitive

types. Holes are provided in mate-
rial over 0.0055 thick where screws
or ping are required. Anodized, en-
amelled, or lithographed finishes
available with or without fungus
resistant coating as per government
specifications.
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Transponder
for C-band

AERO GEO ASTRO CORP., 1200 Duke
St., Alexandria, Va. Application of
this transistorized unit permits se-
cure long range tracking compat-
ible with present day instrumenta-

tion radars. PWC Ratio (pounds-
watts per cu in.) of only 1.67 has
been achieved in the design, as op-
posed to ratios on the order of 5
to 6 for earlier equipments. Elec-
trical characteristics represent
superheterodyne-sensitivity, single
or three pulse interrogation, and a
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OPERATION

A complete line of low power
and space-saving tubes...
available in practically

any size you specify

FEATURES

Low-powered enough to operate directly
% Designed for transistor operation from transistor outputs, small enough for any
%* Low grid drive space-hungry application, yet provides extra-
%* Low heater voltage high light output for use in high altitudes or any
%* High light output high-ambient light level. The low grid-drive and
%* Excellent for high altitudes heater requirements of these tubes economize on
* Eliminates bulky power equipment space and weight by eliminating bulky accessory
%* Compact and rugged power equipment. Potted bases and high-voltage
% Potted base for operation in all environments connectors, plus rugged construction, permit the
* Resistant to thermal shock utmost performance over wide temperature
% Available in virtually all standard sizes ranges and in the toughest of environmental con-

ditions. Infinite in available sizes, shapes and
ratings, infinite in capabilities.

Write for complete technical details

'0

‘.

L

N .

: . precision electronics is our business

e, 9,20 0 ¢ 00 ¢ s 000000 :000 00000 0

ELECTRONIC TUBES ANDUSTRIAL TV MILITARY ELECTRONICS MOBILE COMMUNICATIONS ACIENTIFIC INSTRUMENTS AUTOMOTIVE TEST EQUIPMENT

ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N.J., U. S. A.
INTERNATIONALDIVISION™#'515 MADISON AVENUE, NEW YORK 22, N. Y. « CABLES: ALBEEDU, NEW YORK

ELECTRONICS * MARCH 25, 1960 CIRCLE 93 ON READER SERVICE CARD 93



400 w transmitter output. Internal
duplexing for single antenna opera-
tion in the d-c to d-c converter are
incorporated. Overall dissipation
at a nominal repetition rate is un-
der 30 w. Unit is 128 cu in. in vol-
ume and weighs 7 1b 2 oz.
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Klystron Supply
adjustable voltages

N. V. PHILIPS’ GLOEILAMPENFAB-
RIEKEN, EMA Dept., Eindhoven,
Holland. Type PP4485 Kklystron
power supply has been fully
adapted to the requirements of kly-
strons operating in the millimicro-
wave range. Adjustable voltages
available are: 4+ 1,000 up to +
2,250 v d-¢ (50 ma max.; ripple less
than 10 mv) for the resonator; 0
up to — 600 v d-¢c (1 ma max.; rip-
ple less than 10 mv) for the repeller
plate; 0 up to — 300 v d-c (ripple
less than 10 mv) grid bias; 6 up to
7 v a-¢c (3 amperes max.) heater
voltage. Four meters for indication
of the repeller-, the resonator- and
the heater-voltage, as well as the
resonator-current are mounted on
the front panel. Safety devices to
protect the klystron and to prevent
mishandling during operation are
part of the circuitry.

CIRCLE 306 ON READER SERVICE CARD

Noise Figure Meter
high sensitivity

HEWLETT-PACKARD Co., 275 Page
Mill Road, Palo Alto, Calif. Model
344 A, specifically designed to meas-
ure the noise figure of operating
radar sets, operates automatically
and has a simple front panel cali-
bration. It provides a continuous
noise figure presentation on most
radar receivers. The meter’s ex-
tremely high sensitivity permits
decoupling noise source up to 20 db

94

from the main transmitter line to
minimize system degradation.
CIRCLE 307 ON READER SERVICE CARD

V-T Voltmeter
3 to 600 Kc

SiERRA ELECTRONIC CoORP., 3885
Bohannon Drive, Menlo Park, Calif.
Model 125A compact frequency se-
lective voltmeter covers the range
of 3 to 600 Kc. It has both narrow
and wide selectivity settings plus a
flat voltmeter position. This triple
mode measurement capability makes
it a versatile instrument for carrier
measurements, wave analysis and
general laboratory use. Its measure-
ment range (tunable mode) is —
90 dbm to + 32 dbm; flat mode,
— 30 dbm to + 32 dbm.
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Mixer-Preamplifier
has a 15 db gain

LEL, INc., 380 Oak St., Copiague,
N. Y. Model MMX-5 matched mi-
crowave-mixer assembly covers the
8,500-9,600 Mc range and provides
an i-f output bandwidth of 100 Mec.
It has an i-f center frequency of
250 Mc, and an overall noise figure
of 10 db. MMX-5 provides the de-
sign engineer with a microwave re-
ceiver front end capable of handling
the short pulses required for high
resolution radar systems.
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Shift Registers
miniaturized

AMP InNc., Harrisburg, Pa. New
line of shift registers permits non-
destructive output—both dynamic
and static—plus any serial/parallel
input/output combination. Design
permits a minimum number of com-
ponents and a minimum number of

®
PACIFIC

ARE YOU DECIDING WHAT ROUTE TO GO
IN PLANNING AN AUTOMATED FACILITY?

Most automated plants, be they military
or industrial, involve extensive use of elec-
tronic equipment. In “Operation Turn-key;’
PAP provides the optimum combination of
A-E skills, advanced electronic engineering
and manufacturing. The result—superior per-
formance at low cost...a managed project
—anywhere in the world.

Here are the departments of PAP which
comprise ‘‘Operation Turn-key:"

® ARCHITECT-ENGINEER SERVICES

The A-E staff is made up of architects,
engineers, designers—specialists in structures,
materials handling, processes——=Their tasks
may include feasibility studics, economic
analyses, site selection, master planning, pre-
liminary and final design, specification and
procurement of equipment and services, con-
struction supervision, project management.

M ELECTRONIC SYSTEMS ENGINEERING

This is a group of top electronics men—
many with advanced degrees—all with solid
experience in diverse fields. Their contribu-
tion to the automated facility is to design the
complete electronics system, specify cquip-~
ment, and engineer the installation.

% SPECIAL ELECTRONIC PRODUCTS

True automation often involves special
equipment that is unique to your require-
ments. PAP, and its subsidiary, Space
Electronics Corporation, offer top capability
in design and manufacture of electronic
products from black boxes to the most
sophisticated systems.

B CUSTOM CABLE COMPONENTS

Cables are thé lifeline of an electronic
complex. PAP designs and manufactures
cable assemblies for all environments. Its
reputation for reliability has made Pacific
Automation the most respected name in the
cable systems industry.

M FIELD INSTALLATION

This technically competent and im-
mensely practical group of people installs all
electronic and mechanical equipment, checks
it out, and turns over to you complete draw-
ings, instructions..,and THE KEY TO THE
FRONT DOOR.

ENGINEERS: Make your future with this dynamic
growing company. Send your resume today.
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AUTOMATION PRODUCTS, INC. presents “OPERATION

\\'~.

and Activation of automated Military and Industrial Facilities.

?or cor;p[erﬁnjornzalion, write, wire, or phone:
PACIFIC AUTOMATION PRODUGCTS, ING.
1000 Air Way, Glendale 1, California « Phone: CHapman 5-8661



Now you can record test data on-the-spot. In both lab and field you
get accuracies equal to or better than big, rack mounted units. Just pick
up and move a multi-channel (up to 14) PI recorder/reproducer as
you would any other item of test equipment.

Instead of 1,000-lb. cabinets, requiring 1000 watts, you're working
with recorders 10 times smaller and lighter, using 250 watts or less.

In the field, you get laboratory performance under the most difficult
environments. PI fits many places where 19-inch racks won’t go. One

man can carry a rugged PI recorder to virtually any test site.

How did PI put precision in a small package? By combining transistor-
ized electronics with unique stacked reel tape magazines. PI recorders
use standard tapes and heads, are compatible in every way with standard

recording practices and other recording equipment.

KEY SPECIFICATIONS (Model PS-207 Series unit)

FM SYSTEM: Frequency response +1/2 db 0-10 kc, S/N ratio 43 db, bett.er than
1.59% total harmonic distortion, less than 2% drift 40° to 120°F,, linearity 1%.

DIRECT SYSTEM: Response =+3 db 50-100,000 cps.

POWER: 115 vac, 48-62 cps or 24 vdc.

FLUTTER: Less than 0.1% rms dc to 300 cps or .5% peak-to-peak at 30 ips.
PS-207 shown contains electronics for 7 record/reproduce channels.

After you note these key specs, may we suggest you call your PI
representative to arrange a demonstration? If you are uncertain who

he is, please write direct. Address Dept. 18-3
Precision Is Portable

PRECISION

INSTRUMENT COMPANY

1011 COMMERCIAL STREET o SAN CARLOS, CALIFORNIA o PHONE: LYTELL 1-4441
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bit to bit interconnections. The
AMP-MAD shift register uses only
copper wire and toroidal ferrite
cores. No other parts are necessary.
Unit has a temperature range from
— 40 C to + 75 C without com-
pensatory equipment; each minor
aperture offers an output level up
to 100 mw at several volts. Shift
register is immune to nuclear radia-
tion.
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Twin-Jacks
long frame type

SWITCHCRAFT, INC., 5555 N. Elston
Ave., Chicago 30, Ill. Frame of the
“Twin-Jax” is double width with
two mounting ears on 13 in.
centers; bushings (sleeves) are on
§ in. centers. Available in two
types: MT-388 (Military type JJ-
088) has a new circuit “shorting”
feature that is “broken” when a
two-conductor plug is inserted into
either sleeve, individually or simul-
taneously; MT-389 has three-con-
ductor jacks interconnected, so that
the circuit is broken when a plug
such as No. 482 (PJ-051) is in-
serted in one of the jacks.
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Transducer

variable reluctance
TaAvis ENGINEERING, 1711 S. Moun-
tain, Monrovia, Calif. Model 4-100

DeCeducer is a rugged and com-
pletely flexible d-c¢ input d-c output



IT'S
WHAT’S
IN
HERE
THAT
COUNTS

Do you know, for instance...which electronic stocks are
hottest? Who’s in the news and why? About “Three Ap-
proaches to Microminiaturization”? About the newest prod-
uct ideas hitting the market? What’s up in production?
Opportunities overseas? What’s going on in ‘Washington?

It pays to know more than the next man! The questions
above are just 6 reasons why you should subscribe to
electronics.

IF YOU’RE ON THE TAG END OF A ROUTING SLIP,
get your own subscription. Knowing what’s going on is the
first step to going up.

Fill in the coupon below right now...it will pay big
dividends,

FIND WHAT YOU NEEP IN...
electronics

Renew my subscription for 3 more years.
Enter my new subscription,
U.S. Subscription Rates: 3 years $12. 1 year $6
Canadian rates $10 for 1 year. Foreign rates $20 for 1 year.
Name___.

Street__

City. Zone____State

Company.

Street.

City. Zone___State__._
Your Title. Department__

Product Manufactured or Service Performed
Mail reply to: electronics, 330 West 42nd Street, New York 36, N. Y.
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TRANSISTORS

DIODES

RECTIFIERS

SWITCHES

REGULATORS

REFERENCES

ENCAPSULATIONS

NEW SEMICONDUCTOR BOOKLET

A new 12-page color booklet describing basic types of
semiconductors, with ratings and characteristics —
silicon transistors, silicon diodes, silicon- rectifiers,
silicon regulators and references, germanium diodes,
controlled rectifiers and switches

now available from:
TRANSITRON ELECTRONIC CORP.

Box CC, Wakefield, Massachuselts
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TAILOR THE
TERMINAL
TO THE
BOARD
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CAMBION Swaging Tools are designed to precisely seat
and securely stake all CAMBION Terminals. For each type of
terminal there’s a CAMBION punch-and-anvil combination.
Precision-machined from fine steel for long wear, standard sets
are available for only $5.00 each to match the following
CAMBION Swaging Machines:

HAND SWAGERS for small volume staking. Can be used
manually, in a kick press, or in a riveting machine. PRESSURE
SWAGERS for normal production. These sturdy, hand-operated,
cam-action rolling tools are easily adjustable for a wide range
of board thickness. HOPPER STAKERS for high production.
These semiautomatic stakers faultlessly feed and stake
thousands of terminals without interruption at a rate of ap-
proximately 100 a minute. Write Cambridge Thermionic
Corporation, 437 Concord Avenue, Cambridge 38, Mass. for
full details on these and other products in the wide line of

COMBION:

The guaranteed electronic components
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Maximum reliability is
built into every foot of
“Foamax” — Royal’s
new Foam Dielectric

weee——==1. Cable, manufactured
’:r.é mw to meet highest qual-
\-:-?-._ —— ity and performance
2~ - =% standards. Write for a
:_ 5 sample length and
g = . -:| " technical data.
g it

ROYAL ELECTRIC CORPORATION
301 Saratoga Avenue
PAWTUCKET -

RO

RHODE 1SLAND

«ece@n ossociarte of Z
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pressure transducer specifically de-
signed for aircraft, missile and test
applications. Instrument features
extreme output stability over a
wide range—24 to 32 v d-c of input
voltages. Only 12 oz in weight, unit
covers a range of pressures from
0-5 psi to 0-5,000 psi and is avail-
able in differential, absolute or
gage pressure types. Outputs are
virtually unaffected by tempera-
ture, vibration shock and a wide
variance of input voltages.
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X &

Pulse Generator
shaft-driven

W. & L. E. GURLEY, Troy, N. Y.,
has available a shaft-driven device
that delivers electrical pulses at its
output terminals. Model 8601 photo-
electric pulse generator may be
used either as a rate generator or
as an angle measuring unit. When
used as a rate generator, the out-
put frequency is read in terms of
shaft speed. When used to measure
angles, the total angle is determined
by totalizing individual pulses.
Typically the output voltage of the
unit is 0.1 to 0.25 v at 50 K load
impedance. Several standard disk
patterns provide up to 500 pulses
per revolution.
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Coil Form
one-piece

AMERICAN MoLpED Probpucts Co.,
2727 West Chicago Ave., Chicago

22, 111, introduces a one-piece coil
form for printed circuit i-f and
oscillator coils. The integral con-
struction results in a big saving of
time and material. Tube and base
cannot come apart. Coil form has
a constant core torque and is ex-
pressly designed to prevent wire
breakage.
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Alumina Abrasives
semiconductor grade

GEOSCIENCE INSTRUMENTS CORP.,
425 Park Ave., New York 22, N. Y,,
announces two new electronic-semi-
conductor grades of levigated
alumina abrasives known as Co-
runda (liquid sapphire & liquid
ruby). These abrasive -crystals
meet the critical requirements of
the industry and will produce the
ultra high polished surfaces neces-
sary for advanced device fabrica-
tion.
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Signal Generator
high power

DyMEC, 395 Page Mill Road, Palo
Alto, Calif. DY-5381 signal gener-
ator delivers a minimum power out-
put of 250 mw over the range from
8,500 to 10,000 Mc, with outputs
up to 400 mw in the vicinity of
9,500 Mc. It features a continu-
ously-operating power monitor
which permits power setting re-
peatability within = 0.5 db over a
wide ambient temperature range.
Instrument includes a 100 db ro-
tary-vane attenuator; output power
accuracy is = 1 db = 2 percent of
attenuator setting. Types of modu-
lation provided internally are pulse
and f-m, separately or simultane-
ously, and square-wave. Pulse
length is variable from 0.5 to 25
psec; repetition rate is adjustable
from 35 to 3,500 pps. Internal f-m
is at power line frequency with a
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EXCELLENCE
IN ELECTRONICS
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Appointment:
Countermeasures

SANTA BARBARA is Raytheon’s California operation, and is devoted
to the Engineering, Marketing, and Production of active and passive ECM
and ECCM equipment for aircraft, missiles, and satellites; infrared systems
and devices; guidance, mapping, and fire control components.

Countermeasures appointments range from junior to department manager
levels. Technical areas are: advanced systems design, microwave components
design and application, circuit- theory applying backward wave oscillators and
traveling wave tubes. Infrared appointments open in reconnaissance and com-
munications systems, circuitry and filter theory, components and servo systems.

Location is excellent. The city of Santa Barbara is a quiet community of
56,000. It has no smog, no million-car traffic. Nearby mountains and offshore
islands keep mean temperature 57° — 70° all year. A Spanish setting plays host
to theatres, museums, universities and a growing electronics center.

For information on programs coincident with their professional
interests, engineers and scientists may write: Mr. Donald H. Sweet,
Manager, Management & Professional Recruiting, Raytheon Com-
pany, 624 Y Worcester Road, Framingham, Massachusetts.

SANTA BARBARA OPERATION
EQUIPMENT DIVISION



maximum deviation of = 7.5 Mec.

Internal square-wave frequency is

adjustable from 35 to 3,500 cps.
CIRCLE 316 ON READER SERVICE CARD

Ow & aﬂe"uat Metallized Inductors

compact devices

SRR uv::?.n_%% JFD ELECTRONICS CORP., 6101 Six-
WE ARE SPECIALLY ORGANIZED cn | 63 173 | .36 teenth Ave., Brooklyn 4, N. Y., an-
TO HANDLE DIREGT ORDERS OR c2 | 63 [ 171 44 nounces metallized inductors for

ENQUIRIES FROM OVERSEAS 5 e T : : d
SPOT DELIVERIES FOR U.S. S E ~ .64 mounting on either panels or p-c
BILLED IN DOLLARS— C33| 4.8 | 220 | 64 boards. Fused to stable, low-loss
SETTLEMENT BY YOUR CHECK Ca | 4.6 | 229 .03 glass dielectric cylinders, they pro-
CABLE OR AIRMAIL TODAY €44 4 252 [1.03 vide a low temperature coefficient
of inductance and frequency. In-
N E ‘M and SM’ SUBMINIATURE CONNECTORS ductive range extends from 2 xh to
Constant 50n-630-700n impedances 0.05 uh in steps of approximately
3 uh, with an overall length of
TRANSRADIO LTD, 1384 Cromwell Rd. London SW7 ENGLAND  castes: rnausnan, somson 119/32 in. to 9/16 in., depending on

the value of inductance required.
One of the outstanding characteris-
tics is the ability to maintain a
high Q over a broad frequency
range.
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VIBRATION Power Resistor
noninductive

. Iy | oo rioovers e, Gotumbus

Neb. New addition to the type NH
noninductive precision resistors is

Analysis problems on precision mechanisms used in stable rated up to 100 w. The NH-100 is
platforms have created staff openings with the outstanding housed in an aluminum radiator
Inertial Guidance group in the country. Address your letter finned housing which allows great

heat dissipation, particularly when
panel mounted. Resistance range is

LITTON INDUSTRIES Electronic Equipments Division from 5 ohms to 20 K ohms, depend-
Beverly Hills, California ing on tolerance. Tolerance range

is from 0.05 percent up to 3 per-
cent. Resistance element is sealed
“ in silicone and inserted into the
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to Mr. C. T. Petrie, Manager, Rescarch & Engineering Staff.




aluminum housing, offering great
protection from shock, vibration,
moisture and salt spray. All connec-
tions are welded. Temperature co-
efficient is 0.00002/deg C. Overall
length of the housing, not including
leads, is 31 in. Width, not including
mounting lugs, is 2} in.
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Silver Solder Pot
weighs 6 |b

DEe ELEcTRIC Co., 1101 N. Paulina
St., Chicago 22, I1l. Model 202 sil-
ver solder pot has a new design
heating element so made that it
protects the windings from con-
tamination by the fluxes used in
soldering. This new design has
quite uniform temperature distri-
bution along its depth, which gives
the pot an extensive operating life.
A replaceable ceramic crucible 7 in.
diameter is utilized. This operates
over a range of 1,200 to 1,700 F.
Operates directly off 110 v. Has
built-in regulatory rheostat. Size
6 in. metal cube, with metal hous-
ing containing pilot light.
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D-C Power Supply
transistor regulated

Oprap ELECTRIC Co., 43 Walker St.,
New York 13, N. Y. Model TR40
laboratory type supply is designed
to operate from 105-125 v a-c 50/60
cycles and furnish 4 to 32 v d-c at
0-15 amperes. Regulation is held to
within +} percent for the stated
line voltage and load current

ELECTRONICS - MARCH 25, 1960
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CARRIER DEVIATION
METER Model 791D

Crystal locking facilities in this new
deviation meler insure freedom from
microphony, and allow measurement
of FM hum and noise in VHF and
UHF communication and broadcast
lransmitters.

MEASURES DEVIATION : 200 cps to 125
ke in four ranges; extended down to 10 cps
using external readout. Indicates positive or
negative deviation at the turn of a switch.

IN-BUILT DEVIATION STANDARD,
crystal controlled, for sustained accuracy.

CARRIER FREQUENCY RANGE: 4 to
1,024 mc, directly calibrated.

MODULATION FREQUENCY RANGE:
50 cps to 35 ke.

o~

MARGONI FOR FM
EST GEAR

s
i*s have been
ears Marcon! 9 for FM systems.

two models our FM measuring Pro
9 for complete

]

ialists in pre-
pecie Here are
e range, design€
plems. Ask for

details.

FM/AM SIGNAL
GENERATOR Model 995A/4

Narrow-dqviation FM, siepped and
extra-fine incremental tuning. and a
high-stability low-noise oulpul make
this versatile VHF generalor particu-
larly suitable for mobile radio testing.
FREQUENCY RANGE: I'5 to 220 mc
with crystal check points above 13'5 me.
Less than 0°0029, short-term drift.
DIRECT - READING INCREMENTAL
TUNING : Stepped control up to ~ 40 ke,
extra-fine continuous control up to 15 ke.
OUTPUT RANGE: 01 pv to 100 mv at 52
and 75 ohms.

MODULATION : FM : deviation monitored
and variable from 0 to Sand Oto IS ke. AM:
monitored and variable up to 50°,. Mod-
ulation frequencies, 400 ¢ps. | and 1'5 ke.
SPURIOUS FM ON CW : Less than 25 cps
deviation.

/7

MARCONI
INSTRUMENTS

AM & FM SIGNAL GENERATORS
AUDIO & VIDEQ OSCILLATORS
FREQUENCY METERS
VOLTMETERS » POWER METERS
DISTORTION METERS

FIELD STRENGTH METERS
TRANSMISSION MONITORS
DEVIATION METERS
OSCILLOSCOPES, SPECTRUM &
RESPONSE ANALYZERS

Q METERS & BRIDGES

111l CEDAR LANE -

MARCONI INSTRUMENTS LTD

ENGLEWOOD -
Tel : LOwell 7-0607

CANADA : CANADIAN MARCONI CO * MARCONI BUILDING * 2442 TRENTON AVE * MONTREAL 16
ST. ALBANS

NEW JERSEY

HERTS ENGLAND
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As a result of research, develop-
ment and production of computers,
Eclipse-Pioneer can make available

ditions.

tude of the load.

ENGINEERING

ON BENDIX COMPONENTS

_ — A

LINEAR FUNCTION GENERATORS
FOR COMPUTER APPLICATIONS

THREE BASIC TYPES MEET SPECIFIC LOAD CONDITIONS

performance-proved components.
For example, these three basic types
of linear function generators:

e Linears that give optimum performance under no-load con-

e Linears that operate best under a specific load.
e Linears compensated to operate independently of the magni-

R
@
—
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sy

Andly - -

—
.

g

e S
|

l

|
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To achieve linearity at output Eg,
since K, a variable function of 6,
linear function generator L, must
be carefully chosen in conjunction
with other system components. In
the above application, either a fixed
load or a compensated linear func-
tion generator can be used for L,,
compensating for the loading due
to L. and the changes in K. with 6,.
L., may be a no-load linear. Both
fixed load and compensated linear

Teterboro, N. J.

104

Eo K16 K.0.E

Eclipse-Pioneer Division

TYPICAL APPLICATION

function generators will give lineari-
ties of 7 minutes for + 60° rotation.

Other generators are available for
tangent, versine and log functions,
in various frame sizes and with
accuracies to +7 minutes over range
of +15° Units are now being devel-
oped with ranges to +30° while
maintaining the same accuracies.
For design assistance, or for further
details on computer components,
write today.

?’Iidl/'l/

AVIATION CORPORATION

District Offices: Burbank and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Wo;hmgion, D.C.
Export Sales & Service: Bendix In!ornohonol 205 E. 42nd St., New York 17, N,
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changes. Maximum rms ripple does
not exceed 3 mv. Panel controls in-
clude a power switch, main voltage
control, vernier voltage control,
line and load fuses in indicating
type fuse holders and 2 percent
accurate d-c voltmeter and ammeter
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Transistor Index
for quick selection

ZEus ENGINEERING Co., 635 S. Ken-
more Ave.,, Los Angeles 5, Calif.
The index, used to facilitate selec-
tion of transistors, consists of a
deck of punched Keysort business
cards. Each card describes a par-
ticular transistor by means of both
sorting slots and data printed on
the card. Selection is accomplished
manually by means of a Keysort
needle. Sorting on all ten available
parameters is accomplished within
2 or 3 minutes. For unique require-
ments, approximately 40 unused
holes are available for insertion of
additional data. It contains data on
substantially all military and com-
mercial transistors manufactured
by 32 major companies.
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Alloying Furnace
continvous firing

SANDLAND To00L AND MACHINE Co.,
52 Duryee St., Newark, N. J. Model
20-D-2 continuous firing, inert at-
mosphere alloying furnace was de-
veloped for the producers of high
quality semiconductor devices. It
has provisions for precise control
of temperatures up to 1,875 F, pre-
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cision control of speeds from ¥ to
4 ipm, and can maintain an inert
atmosphere in the entire furnace.
Price is $2,995, less heat controls.
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Ceramic Capacitor
low-voltage

CORNELL-DUBILIER ELECTRIC CORP.,
South Plainfield, N. J. Type H Tiny
Mike capacitors are designed to
meet the limited space, low-voltage
requirements of transistorized
radios, portable wire and tape re-
corders, electronic timing devices
and a wide variety of other minia-
ture battery-powered and line-
powered equipment. They are ex-
cellent for bypass and coupling.
Operating temperature range is
410 C to +85 C; working voltage
is 50 v d-c. Three sizes are avail-
able: 0.350 in. diameter by % in.
thick, 0.500 in. diameter by % in.
thick, and 0.625 in. diameter by
3 in.
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Telemetry System
airborne, pem type

TEXAS INSTRUMENTS INc., 6000
Lemmon Ave., Dallas 9, Texas, has
developed a 25-1b, i-cu ft pem tele-
metry system for missiles and space
vehicles. System multiplexes and
encodes 64 analog channels; proc-
esses five 8-bit parallel digital
data channels plus a serial digital
data channel at a nominal bit rate
of 200 Kc. A key feature of the all
solid-state package is its high-speed
multiplexer which handles low- and
high-level data, or a combination of
both, with only a single low-level
amplifier. Overall accuracy of the
system is +0.25 percent—made pos-
sible by a unique bidirectional servo
loop that nulls out system drift.

ELECTRONICS + MARCH 25, 1960

System is designed in individual
modules so that the basic design can
be rapidly modified to meet the
needs of other missiles or space
vehicles.
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UHF Filter
defines bandpass

APPLIED RESEARCH, INC., 76 8.
Bayles Ave.,, Port Washington,
N. Y. Model HFF-T(B)-5 uhf
bandpass filter utilizes distributed
parameter multipole tuned elements
to achieve great selectivity and low
insertion loss. Center frequency
of the model shown is 1,010 Mec,
with passband of 870 to 1,150 Mec.
Attenuation at 575 and 1,740 Mc
is better than 40 db. Filter uses
five inductively coupled resonant
sections. Construction features in-
sure maximum reliability with
minimum size. The case, of brass
with rhodium plating and gold
flash, weighs 3} Ib. Dimensions are
7% in. long by 5% in. wide by 2%
in. high. Connectors are type C.
Mounting centers are 7% in. by 23
in. Units operate out of and into
a 50-ohm impedance.
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Insulation Coating
high temperature

CoLUMBIA TECHNICAL CORP., 61-02
31st Ave., Woodside 77, N. Y.
HumiSeal type 1H34 is a high tem-
perature, heavy-duty service, insu-
lation and protective coating. It is
extremely practical in many mili-
tary applications and particularly
in those where radioactive environ-
ment is involved. A one-component
system on silicone resin basis, it is
characterized by 6-month long pot
life and excellent electrical proper-
ties at temperatures above 400 F.
HumiSeal 1H34 may be applied by
spray, dip or brush.
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ENGINEERING
%l ¥ .

ON OTHER BENDIX
COMPONENT PACKAGES

:

OMNI-BEARING CONVERTER

Modular package permits smaller,
lighter navigation receiver design

Compass heading and VOR signals
are computed and converted by this
radio receiver component into signals
that position the displays in the Radio
Magnetic Indicator of an aireraft radio
navigation system. In a package
measuring only 354" x 24" x 115", the
module comprises a size 11 resolver,
differential, motor-generator, gear
train assembly and indicator dial.
Write today for complete information.

SYNCHRO SLIP RINGS

Autosyn® provides electrical
contact with both rotor and stator

— . s ot

In the compact Autosyn design, both
housing and shaft can be rotated,
permitting introduction of another
variable into the system. Electrical
contact with both elements is made
through external slip rings, which
replace the usual fixed leads or
terminals. Slip ring location and con-
figuration can be varied to meet
specific mechanical or electrical needs.
Precious metals are used in the rings
to minimize contact resistance and
insure maximum reliability. Write for
details. *REG. U.S. PAT. OFF.

Manufacturers of
GYROS * ROTATING COMPONENTS
RADAR DEVICES ¢ INSTRUMENTATION
PACKAGED COMPONENTS

Eclipse-Pioneer Division

?ﬂ/j/

AVIATION CORPORATION

Teterboro, N. J.
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WHAT’S
UP IN
WASHINGTON?
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Powerful individuals in Congress, The Pentagon,
the State Department and elsewhere can influence
the business plans of scores of electronics manufac-
turers.

electronics reports on policy makers who influ.
ence decisions on guided missiles, basic scientific
research, government communications policy and
many other sensitive subjects.

The highlights are summed up in 3 minutes
reading time. More detailed reports on particularly
important subjects are specially edited for quick
and easy reading.

electronics names names...tells the implications
of new developments. .. keeps you informed. See
“Washington Outlook’ — a regular, weekly report.
Act now! For a new subscription or a renewal, fill
in box on Reader Service Card. Easy to use. Post-
age free,

FIND WHAT

YOU NEED IN...
electronics

Literature of

FACILITIES BROCHURE. John
Gombos Co., Inc., Webro Road,
Clifton, N. J., has available a
brochure illustrating its facilities
for the design and manufacture of
microwave components and as-
semblies, electromechanical and
mechanical assemblies, electronic
subsystems, and for aluminum dip-
brazing.
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MEASUREMENT STANDARDS.
Weinschel Engineering, 10503
Metropolitan Ave., Kensington,
Md., has available a 6-page folder
containing a reprint of two articles
on modern electronic measurement
standards.
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STATIC TIME SEQUENCER.
Magnetic Amplifiers, Inc., 632 Tin-
ton Ave.,, New York 55, N. Y. A
4-page brochure on a solid state
static time sequencer includes
technical specifications, functional
block diagram, system operation,
photos and sequential time func-
tions.
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SALT BATH FURNACE. Lind-
berg Engineering Co., 2443 West
Hubbard St., Chicago 12, I1l. Bul-
letin No. 151 “Lindberg-Upton Salt
Bath Furnaces” is now available.
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DUAL POWER SUPPLY. George
A. Philbrick Researchers, Inc., 285
Columbus Ave., Boston 16, Mass.,
has released a specification sheet
on a compound regulated, dual
power supply, model R-100B.
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MEMORY CORES. Radio Corp. of
America, Somerville, N. J. Two
technical bulletins describe ferrite
cores which feature 1l-usec per-
formance with 25 percent less
power, 40 percent greater operat-
ing margin.
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MAGNETOSTRICTIVE DELAY
LINES. Control Electronics Co.,
Inc., 10 Stepar Place, Huntington
Station, L. I., N. Y. A comprehen-
give data sheet gives extensive in-
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the Week

formation on the theory of opera-
tion of fixed and variable mag-
netostrictive delay lines.
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CIRCUIT BREAKER. Airpax Elec-
tronics Ine., Cambridge Division,
Cambridge, Md. Bulletin B-07 de-
scribes the new series 500 hermeti-
cally sealed electromagnetic cir-
cuit breaker.
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RECORDING SYSTEM. South-
western Industrial Electronies Co.,
10201 Westheimer Road, Houston
27, Texas. The MS-15A magnetic-
seismic field recording and moni-
toring system is described in an
illustrated bulletin which includes
specifications.
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AMPLIFIERS & ACCESSORIES.
Hewlett-Packard Co., 275 Page
Mill Road, Palo Alto, Calif. A 4-
page reprint tells how to broaden
the utility of 150 A/AR oscillo-
scopes with a line of convenient
precision amplifiers and acces-
sories.
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SMALL TUBING DATA. Posen &
Kline Tube Co., Inc.,, Box 549,
Norristown, Pa., has available a
basic guide to the selection and
use of stainless steel tubing rang-
ing from 33-page hypodermic
needle sizes to heavy-wall high
pressure tubing up to § in. o-d.
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MILITARY SYSTEMS. Ford In-
strument Co., Division of Sperry
Rand Corp., 31-10 Thomson Ave.,
Long Island City 1, N. Y. An 8-
page well-illustrated brochure de-
scribes the company’s aero-space,
ground systems and naval systems
capabilities.
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PHOTOGRAPHIC EQUIPMENT.
Burke & James, Inc., 321 South
Wabash Ave., Chicago 4, Ill. A
130-page catalog (No. 459-S) illus-
trates and describes a wide line
of photographic equipment and in-
strumentation. Prices are in-
cluded.
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SPURS e HELICALS ®  WORM AND WORM GEARS @  STRAIGHT BEVELS
LEAD SCREWS @ RATCHETS @ CLUSTER GEARS @ RACKS o INTERNALS @ ODD SHAPES

b}

1021 PARMELE STREET, ROCKFORD, ILLINOIS
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METALS for ELECTRONIC APPLICATION
rolled ULTRA THIN

by OUR SPECIAL ROLLING
TECHNIQUE

TOLERANCES CLOSER THAN COMMERCIAL STANDARDS
Note: for highly engineered applications—strips of TUNGSTEN

and some other metals can be supplied
ro/&zl down to .0003 thickness

® Finish: Roll Finish—Black or Cleaned
® Ribbons may be supplied in Mg. weights if required
Developed and Manufactured by

H.CROSS CO.
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15 BEEKMAN ST, N. Y. 38, N. V.

WOrth 2-2044
COrtlandt 7-0470

TELEPHONE




electronics buyers’ guide and reference issue A McGRAW-HILL PUBLICATION
THE ELECTRONICS MAN'S BASIC BUYING BOOK 330 West 42nd St., New York 36, N. Y. @

People believe most completely in the
things that work best for them. That’s
why 52,000 readers of electronics pay
more than $300,000 each year to get
the information it gives them.

Use electronics to create interest and
acceptance for your products, materials
or services. The electronics BUYERS' GUIDE
gets you there when your customers are
making buying decisions. . . actually
sells for yau.

- Exclusive! There is clear evidence that

- the "“GUIDE" carries the most weight:
it has 42% more advertisers than any
other electronics directory.

PICK
THE ONE
THAT CARRIES

uljt "‘iﬁ]m' /
WEIGHT
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NEW BOOKS

Semiconductors

By R. A. SMITH

Cambridge University Press, Cam=
bridge, 494 p, $12.50.

Dr. Smith’s book represents a
reasonably complete treatment of
the basic physics of semiconductors.
Emphasis is definitely on the basic
fundamentals of semiconductor the-
ory with only a very short section
dealing with the application of
these materials. The application
section, and to a certain extent the
theory treatment, have been some-
what outdated by the developments
which have occurred in the last few
years (the book was apparently
completed in late 1957 or early
1958). For example, one should not
look for a discussion of the Esaki
effect in this book.

Numerous footnotes supplement
those sections of the book which,
for practical purposes, are of lim-
ited scope. Thus, the book would
serve well as a reference for the
engineer or physicist engaged in
semiconductor research. Of par-
ticular note is the fact the element
semiconductors, other than silicon
and germanium, and the compound
semiconductors are given more
space than is usual in a book of this
type. The book would also be a
good reference text for a graduate
electrical engineering or physics
course. However, its value to the
electrical engineer who is not en-
gaged in semiconductor research is
questionable—RENWICK W. BELL,
Sperry Gyroscope Company, Div. of
Sperry Rand, Great Neck, N. Y,

THUMBNAIL REVIEWS

Ten Founding Fathers of the Elec-
trical Science. By B. Dibner, Burndy
Library, Norwalk, Conn., 48 p,
$1.00 (Reprint). This monograph is
as noteworthy for the beauty of its
format and illustration as for the
information contained. Briefly and
lucidly, it traces the history and
significance of electrical discoveries
prior to the death of Maxwell in
1879. It makes a perfect student’s
keepsake—the main reason it has
been reprinted. Its essays describe
the work of Gilbert, von Guericke,
Franklin, Volta, Ampere, Ohm,
Gauss, Faraday, Henry and Max-
well.
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R-L-C Components Handbook. By D.
Mark, John F. Rider Publisher, Inc.,
New York, 146 p, $3.50. This
book presents the various important
factors in selecting a resistor, capac-
itor, inductor or transformer as well
as stipulating the various types of
available components and their spe-
cial features, including miniaturized
components. The book is intended
for use with texts on basic elec-
tricity and electronics and is of
particular value to students, ama-
teur radiomen and repairmen.

Electrical and Electronic Drawing.
By J. Baer, McGraw-Hill Book Co.,
Inc.,, New York, 1960, 218 p, $6.
This book is refreshing in that it
finally puts between two covers a
concise background of electronic
symbols that are being used in the
field. It also covers the preparation
and use of schematic diagrams,
block diagrams, graphs, pictorial
drawings and the like. However,
the selection of art used in the
illustrations could have been
brought more up to date and drawn
with a bit more snap.

Shorewave Propagation. By S. Lein-
woll, John F. Rider Publisher, Inc.,
New York, 151 p, $3.90. This
book presents basic principles of
shortwave radio propagation from a
theoretical as well as a practical
viewpoint. Although professional
communications  engineers may
profit from this book, it will be of
special interest to amateur radio-
men. Use of mathematics has been
avoided and difficult concepts ex-
plained with analogies. Also in-
cluded is a pulout chart for simple
conversion of global times.

German-English Science Dictionary
(Third Edition). By L. De Vries,
McGraw-Hill Book Co., Inc.,, New
York, 592 p, $7. This dictionary
aims at the technical language
of today’s science-oriented world
and hits the mark admirably. It
has been updated to include a num-
ber of terms not heretofore readily
available and includes a number of
tables and listings that should prove
of frequent value to the translators.
The section at the beginning con-
tains a sound review of the basics
of German that admirably points up
the sort of information that can so
easily slip from the memory of
readers not having frequent use for
their language studies.

Value Engineering, (1959). Engineer-
ing Publishers, Elizabeth, N. J., 165
p, $6.00. Value engineering can be
described as the art of getting the
desired function for the least money.
This book, consisting of papers
given at the 1959 EIA Conference
on Value Engineering, outlines the
philosophy and methods used by
leading practitioners. The amount of
savings made possible by respecify-
ing everyday parts is often dra-
matic.
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ZIPPERTUBING®
AUTOMATIC
CABLE-MAKING

EQUIPMENT

1-STEP Cable Jacketing

Using the Zippertubing® automatic cable-
jacketing machine, you can make cables in
your own plant for just a fraction of your
present cost. Inexperienced men can handie
this machine which is available on lease
only.

Wide choice of Zippertubing® materials
includes laminated copper, aluminum or co-
netic steel in combination with vinyl, Mylar
or fiberglass.
24-SQUARE FEET OF FLOOR SPACE TO
TURN OUT 90 FEET OF "'
CUSTOM CABLES PER HOUR', a7

_r;:" T’r& y

_?i;‘h |

Zippertubing® cable-making equipment includes
cable strander and jacketing machine compactly
designed to require a minimum of floor space.
Actual test records show almost unbelievable
savings of 90% in labor costs alone!

Write for free literature and name of hearest
field representative,
Pat. or Pat. App, For

tHe Zippertubing® co.

752 S. San Pedro St.. Los Angeles 14, Calif
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The D stands for Dorothy . . .

CORRESPONDENTS dealing with Colvin Laboratories, East Orange, N. J,,
often receive concise, spirited letters signed D. P. Vogel. More than one
letterwriter is surprised to discover that the D in this signature stands
for Dorothy, and that behind the correspondence is an attractive woman.

On the other hand, those who know Dorothy Vogel as a cordial human
being are sometimes surprised to discover that she has a mind to match
the fast pace of today’s electronic world, a well-indexed memory and a
healthy proportion of ability and ambition.

Colvin Labs, headed by aircraft expert Charles Colvin, specializes in
precision transducers. It was organized as a proprietorship in 1950 and
incorporated in 1953. Miss Vogel has been with the company since the
early days of its incorporation.

The 29-year-old Concordia (N. Y.) graduate went to Pace College in
New York at night to learn commercial matters from the academic side.
Then she served as secretary to the president of Fischer Chemical Co.
between 1950 and 1953, acquiring practical knowledge.

When she began working for Charles Colvin as his secretary, she
received her first lessons in electronics. “Mr. Colvin,” she says, “is an
excellent teacher,” which should come as a surprise to no one since Colvin,
at one time, was a faculty member at the Guggenheim School of Aero-
nautical Engineering.

After proving her value as a secretary, she took over the purchasing
agent functions for Colvin Labs., thereby gaining insight into still another
aspect of the company’s operation. Later she assisted Colvin in product
planning and was so useful in that capacity that he took what then
appeared to be a risk and made her plant manager. She is now general
manager of Colvin Labs.

“It gives me a wonderful challenge in using my brains,” she says, point-
ing out that the last five years have given her practically a baccalaureate
education in instrument engineering. The 100 or more employees of
Colvin—about 20 percent engineering—work well with their soft-spoken
brunette manager.

“I like managing because my first interest is in people,” she smiles.
“It’s not just a maiter of selecting bright pecple. It’s also necessary to
create the right atmosphere to allow them to do their best.”

She speaks of developing the corporate personality almost in a way one
might speak of developing a family—with the difference, she points out,
that the individual personality is the goal of family development, but the
shared personality of the corporation is her goal at work.

Married in 1955 to Long Island real estate broker Robert Morris, she
emphatically points out that she does not operate her home in the same
way she manages things at Colvin.
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Organize New
Company

FORMAL announcement was recently
made of the formation of a new
scientific organization named Pho-
tronics Corp. in Flushing, N. Y.

Company’s stated mission is to
design, develop and produce highly
specialized, sophisticated equipment
in the field of optics, electronics and
electromechanics.

Management consists of Hugh
McGovern, president, formerly vice-
president of J. W. Fecker, Inc., sub-
sidiary of American Optical Co.;
Ralph Wight, vice-president, for-
merly employed as chief physicist
and optical designer of J. W.
Fecker, Inc.; William C. Ebeling,
chief engineer, specialist in elec-
tronics systems design, and Paul
Fidelman, production engineering
specialist.

McGovern says that by virtue of
the background and engineering
experience of Photronics’ person-
nel, his company is particularl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>