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Transistor output;

] Low distortion 2.5 KW

| output transformer, PP
450 TH’s 18,500 ohms

C.T. to 24/6 ohms,

~

Electrostatically

r shielded, humbucking,

. +30 dbm level. With: |

o in .5 db 250 cycles
to 110 KC. 600/135:

| 600 centertapped to
1% Tlolerance.

-

SUBMINIATURE

Grade 3 with printed %
circuit leads for tran.
sistor application. 150

: (2 to 150 © at 10 dbm

* level, Size % x VYo x
Y2”; weight 5 grams,

- 8

MINIATURE
MIL TYPE

/

)

Metal case hermetical-

o\@ &o@‘

Provides equal volt-
ages to 5 loads. Pri-
mary inductance main-
tained to 5% with
20% change in DC
unbalance and 30%
change in AC voltages

HYBRID

Two transformers each
600 Q primary. 40K
Q C.T. secondary 250
cycles to 5 KC within
Ya db. 40 db isolation
over band.

BOLOMETER

Primary 10 ohms, sec-
ondary 530K ohms,
230:1 ratio, response
from Y2 cycle to 25 cy-
cles. 120 db magnetic
shielding, ptus full

electrostaticshielding. |

L‘ - . —

=

CHOPPER

Magnetic shielded plus &

AUDI0

TO

MICROMODULE

, Life tested per mi-
cromodule specs.: no
failures. 10K Q C.T. to |
10K €2, 100 mw from

- 400 — to 20KC.

Electrostatically &
magnetically shielded
output transformer %,
D. x Y4” H. Pri. 15K
CT, Sec. 8K CT; max.
level 50 mw; audio
range response. To |
MIL-T-278B, grade 4.

TETS

£ FEES

| matches any PP tran- ly sealed to MIL-T-27B. ¢ electrostatic shield for %
H sistor to 4, 8, 16 Gold Dumet leads voltage isolation of f
speaker. Primary 48, spaced on 0.1 radius, © 2x10. Primary 200K &%
! 36, 12 Q C.T.,; 20 — fue printed circuit ap- C.T. to within 0.1%. §F
t to 20 KC; 40 watts. plication. § Secondary 50K. ;
i = e "i_”“"““""""‘ B = 50
HIGH POWERED CATHODE ¢
[ awio ruowes | SPECIAL (CUSTOM BUILT)
TR OUTPUT 3

[RANaFORMERS

YOUR SPECIFICATIONS

" HI-FREQUENCY Exceptional quality and reliability is provided in all
C:I':II"TE;LO TRANSFORMER UTC designs. Over 30 years of engineering knowledge

and experience substantiated by extensive field per-
formance assure the highest quality and most re-
liable components in the industry. Complete en-
vironmental testing facilities are incorporated to
prove out new designs. Full analysis and evaluation
of materials are conducted in UTC’s Material and
Chemical Laboratories. Rigid quality control mea-
sures coordinated with exhaustive statistical find-
ings and latest production procedures results in
the industry’s highest degree of reliability. Range

ULTRA- covered in Audio Transformers is from 0.1 cycles
MOLDED TRANSFORMER MINIATURE to 400 MC . . . microwatts to 50 KW.
' TRANSFORMER P
 —

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

POWER TRANSFORMERS ¢ AUDIO TRANS-
FORMERS e INDUCTORS e PULSE TRANS-
FORMERS e ELECTRIC WAVE FILTERS o
LUMPED CONSTANT DELAY LINES e HIGH
Q COILS o MAGNETIC AMPLIFIERS o SAT-
URABLE REACTORS e REFERENCE UNITS

]

!

Write for catalog of over :

1,200 UTC HIGH RELIABILITY 1

E 150 VARICK STREET, NEW YORK 13, N.Y,

STOCK ITEMS {
IMMEDIATELY AVAILABLE | PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.
from your local distributor. Siyweeememe | EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE ; "ARLAB"
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Only with 175A Plug-ins:

the hp 1754 is your best 50 mec scope buy ! Unmatched
measuring performance and value are yours with the 175A
50 MC Oscilloscope. First, many of its performance capabilities
are exclusive and not available from any other scope manufac-
turer. Second, the 175A offers a dual plug-in versatility that
means it can do more tasks for you than single plug-in scopes.
Compare the 175A with other scopes, consider performance
and versatility versus cost. You'll find your best ali-around buy
in the hp scope.

For example, the high-performance 1755A Dual-channel Ver-
tical Amplifier, at only $575, offers these sensitivities: 1 mv/cm
at 20 mc bandwidth, 5 mv/cm at 40 mc or 10 mv/cm through
5 v/cm at 50 mc. Features include A 4 B operation, differential
A — B use for common mode rejection, a sync amplifier for
triggering on Channel B input. This unmatched performance for
the price of the 1755B, plus the 175A main frame, $1325.

Or for economy performance, the 1750B Dual-trace Amplifier,
$325, offers 50 mv/cm to 20 v/cm sensitivity, dc to 50 mc
(7 nsec rise time). It lets you trigger on Channel B input, too.

Now compare the horizontal plug-in flexibility of the 175A: The
1784A Recorder plug-in permits permanent records of wave-
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1 mv/cm at 20 mc, dual channel

50 mc bandwidth at 10 mv/cm

forms. It's easy to operate. Simply push a button to record. And
it's economical, too. You can make 20 recordings for the cost of
one photograph. Other horizontal plug-ins include a scanner for
large trace recordings on an external recorder, sweep-delay oper-
ation, and time markers.

Other vertical plug-ins include a 50 mc single-channel unit, a
5 mv/cm differential amplifier, a high-gain amplifier and a four-
channe! plug-in with 40 mc bandwidth.

Compare performance versus cost of the 175A with any other
available scope or combination of scopes. Then call your hp
field engineer for a demonstration of the scope and plug-ins.
Or write for complete information: Hewlett-Packard, Palo Alto,
California 94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva; Canada: 8270 Mayrand Street, Montreal.

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

HEWLETT
PACKARD

An extra measure of quality
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New Sanborn
Tape System

7 CHANNELS plus monitoring track

6 ELECTRICAL SPEEDS without
capstan change

40 db or better SIGNAL/NOISE RATIO
0.2% P-P FLUTTER
IRIG compatibility

for under $9, o000

Now you can have precision instrumentation
tape system performance at substantially
lower cost than ever before, with this com-
pletely new Sanborn 3900 Series incorporat-
ing a specially-designed Hewlett-Packard
transport. The primary objective was to
provide a highly flexible, reliably useful sys-
tem with stable tape motion, simple oper-
_ ation and no maintenance — at a signifi-

’ ~ cantly lower cosi. These objectives have
been successfully accomplished, in a system which has:

e Greatly reduced interchannel crosstalk with a new

SIGNAL/NOISE

magnetic head assembly design using improved shield- BANDWIDTH RESPONSE RATIO (RMS)
ing. e High signal/noise ratio, gentle tape handling and
reduced tape wear, through precisely controlled tape Direct
. o, . . (60 ips) 100-100,000 cps =3db 40 db
tension, driving and braking torques, and guide ele-
ment designs. e Plug-in solid-state electronics with .
record/reproduce amplifiers on the same cards, and (60 ips) 0-10,000 cps =0, —1db 44 db without
equalization plug-ins necessary only for speeds to be used. Udetand stemzyai B S
e No need for maintenance or lubrication, except for 20 KC FM) ' 48 db with ftl_utter
. . . ompensatio
cleaning tape path. e Built-in footage counter accurate N
to 99.:95%. e Quick, easy snap-on tape reel loading. P-P FLUTTER 0al K6, 01296 .
e Cabinet, rack or portable case mounting. (30 & 60 ips) 0-5 KC, 0.5% max.
Check the key specifications here, then call your local
H-.P Field E_ngineering Office for complete. deta.ils. fmd CONIROLS ,f:,““’;'r'd,s';‘;'cof'da;y'a,?e;’:;set;:?:f
prices. Or write Sanborn Company, Industrial Division, motely controlied

175 Wyman Street, Waltham, Massachusetts 02154.
PRICES (f.o.b. Waltham, Complete 7-channel system for FM

Mass.) (Systems represent recording and reproducing, with

two of many choices avail- filters for 3 speeds, extra (8th)

A - able. Prices are correspond- channel formonitoring, and console

SERIES 3907A (7-channel), 3914A (14-channel) ingly lower for fewer speed e $8900
SPEEDS 6, electrically controlled, pushbutton selected, 1% to filters, or where direct record
60 ips; other speed ranges optional. Max. start 2 sec., /reproduce electronics are
max.stop 1sec.; £0.25% max. variation in tape speed specified, and higher when

at nominal line frequency. filters for all six speeds are Same system, for 14-channels:
ordered.) $13,370

TAPE 7-channel 14"; 14-channel 17; 2400 feet 1.5 mil, 3600 feet
1.0 mil; 4800 feet 0.65 mil; 10';" reels.

RECORDING Direct, FM or Pulse Record/Reproduce via inter-
MODES changeable solid state plug-in electronics; 7-channels SA NB ORN
in 72" panel space. Single-ended inputs, push-pull
with optional coupler. Adjustable input/outputlevels. A DIVISION OF HEWLETT-PACKARD
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Readers Comment

Xlation

Since xmitter is a useful and fre-
quently used abbreviation for
transmitter, and xformer for trans-
former, I respectfully suggest that
we adopt xistor as a universal ab-
breviation for transistor.

Rudolf F. Graf
New Rochelle, N.Y.

= How about xducer, xfer, xform,
xient, xpose, xit and xom?

Games

Judging from the interest some
timc ago in number problems, I
thought your readers might enjoy
another problem on a little dif-
ferent scale. A friend of mine gave
me the problem and it took me
about an hour to work it out. Our
chief engineer did it in about half
the time.

(Ooddf)* = Wonderful. Or, the
square root of wonderful is ooddf.
Numbers 1 through 9 are used, but
not zero.

Good luck!

Gary Hoonsbeen
Nortronics Co., Inc.
Minneapolis, Minn.

® To get in shape for reader Hoons-
been’s problem, try this old one:
send -+ more = money.

Number prefixes

[ wish to suggest a possible sys-
tem for printing very large or very
small numbers without the use of
special typographical symbols or
awkward and confusing prefixes. I
have devised the following nota-
tion based on the vowel sequence
a, ¢, i, 0, u and the letters b and 1:

ab =103, eb = 10%, ib = 10, ctc.

abab = 10'8, abeb = 10*!, abib=
10*, ete.

al = 103, el = 10-6, il = 10—,
ete.

alal =108 alel = 1021, alil =
10— ete.

Thus 15 nanoseconds equals 15
ilscconds, and 105 megacycles
equals 105 ebeycles.

The advantages of this system,
which might easily replace many if

Electronics | November 16, 1964




New from Spraguve!
D U ET* 50.voLT DUAL-EMITTER
CHOPPER TRANSISTORS

E, B e 122
OXIDE
|
PASSIVATION

COLLECTOR

{170-18 CASE

FOUR-LEAD ||| T0-18 CASE
R

| for maximum protection...
3 times the emitter voltage previously available!

Iy

Sprague DUET* low level dual-emitter chop-

COMPARE THESE PARAMETERS pers are fully passivated PNP silicon planar

epitaxial transistors. They feature guaranteed

WITH THOSE OF emitter voltage of up to 50 volts, three times the

emitter voltage previously available.

ANY OTHER DUAl- EM'TTER! The Sprague DUET* is ideally suited for appli-

cations such as low-level chopping, multiplexing,

comutating, etc., where low leakage current, low
Type No.| BVeo feeo Vo safuraﬁong resistance, and close matching are
required. The DUET* is a product of Sprague’s
3N93 50V T1nA 50nY extensive research effort in silicon planar epi-
taxial and silicon based microcircuit technology.
3N94 50V TnA 100V The high emitter voltage ratings mean circuit
3N95 50V 1nA 200.V design simplification, improved circuit reliability,
and reduction in the number of components re-
3N90 30V 1nA 50V quired. When designing chopping circuits where
maximum voltage is required, do it with DUET*,
3N91 30V 1nA 100V e o o

For complete information, write to Technical
3N92 30V 1nA 2004Y Literature Service, Sprague Electric Company,

35 Marshall Street, North Adams, Mass. 01248

*Trademark

SPRAGUE COMPONENTS

CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

158419 “Sprague’ and ' (@) are registered trademarks of the Sprague Electric Co.
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VecTrol’
SILICONTROL
OPEN-CARD
SCR
GATE DRIVES

® Meet triggering requirements for com-
pletely balanced SCR firing in 3-phase
applications,

® Particularly useful in control of d-c
motors, 3-phase a-c motors, high-slip
or solid rotor 3-phase induction motors,
polyphase rectifier circuits, and similar
applications.

e Gate firing characteristics are bal-
anced to within 5° over full 180° excur-
sion in all pulse patterns.

e Each gate signal output is a constant
amplitude pulse which provides a full
range of control at all phase angles
without SCR damage.

* During anode negative periods, gate
signal is suppressed to prevent thermal
runaway.

® Pulse amplitude is 3.5 volts minimum
into a 32 ohm load—never exceeds 10
volts at 10% above rated line voltage.

e Components terminal-mounted on
fiberglass cards, assembled in tiers for
easy installation in minimum space.

For complete technical data,
write for Engineering Bulletin 85520
to the Technical Literature Service,
Sprague Eleciric Co., 35 Marshall St.,
North Adams, Mass. 01248

43V.4130R2

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and *(D* are registered trademarks of the Sprague Electric Co.
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not all those now in use, may be
briefly stated as:

1. Mnemonic value; “b” stands
for “big,” “1” stands for “little,”
and the vowel sequence is well
known.

2. The prefixes themselves are
short, even for extremely large or
small values.

3. The scquence can easily and
logically be expanded to any sci-
entifically meaningful number.

As for pronunciation, I would
suggest the short sounds of the
vowels for aesthetic reasons, but
this is not a crucial matter.

Randall Taubenheim
Bell & Farrell, Inc.
Madison, Wis.

Laser welders

Your otherwise comprehensive laser
welder article of Oct. 19 [“Laser
welders: out of the lab and into the
factory,” p. 96] failed to mention the
Lear Siegler, Inc., laser systems
center at Ann Arbor, Mich.

This laser team is also producing
welders and was in fact the first to
picrce metal with a laser—the
famous razor-blade experiment—in
1961.

Ed Bruening
Lascr Systems Center
Lear Siegler, Inc.
Amn Arbor, Mich.

= Was this the feat that launched a
thousand imitators, and led to the
coining of that splendid name for
the unit that measures a laser’s out-
put power, the gillette?

The article was not intended as a
detailed survey, but rather as news
of some of the more recent develop-
mnents,

Long-pulse welding

[ rcad with interest your article in
the Oct. 19 issue regarding laser
welders and I do not agree with
what you implicd the state of the
art to be. We have two companies
that are involved in welding, both
clectron-beam  (Applied Encrgy
Co.) and laser welders (Applied
Laser, Inc.). We prescntly are bas-
ing our lascr-welding cfforts on
long pulses and high repetition
rates. We found that welds ap-
proaching 10 pulses per second
have a completely different charac-
teristic than those in single-shot,

one-pulse-per-second systems.

We have made extensive studies
in schemes of making deeper pene-
trations and, with 20 joules, have
been able to weld materials up to
thicknesses of 0.070 inch and
achicve  complete  penetration.
These results are completely de-
pendent upon the flash Lamp wave-
form and the focusing of the laser
beam. Using these techniques, we
have been able to actually run a
bead and raise the metal up from
the surface, rather than crater the
metal.

Our model 1010c¢2 laser system
can be used for welding at 10
joules per pulse, four pulses per
second, and the whole system is
priced at less than $13,000.

We presently are developing a
laser system which we feel to be
within the present state of the art
and capable of 20 pulses per second
with 10 joules per pulse and priced
about $45,000. We expect to make
butt welds up to one-quarter-inch
thickness with this type of device.

Clenn A. Hardway
Applied Lasers, Inc
Stoncham, Mass.

Wrong rating

I realize metal-oxide-semiconductor
field-effect transistors are good, but
I was surprised to read on page 18
of your Oct. 19 issue that a com-
petitor has a 23-volt, 300-ampere
unit. And in a TO-18 package, too.
Dick Lee
Siliconix Inc.
Sunnyvale, Calif.

= Sharp-eyed reader Lee is right; it
should be 300 milliamperes.

Colored-light organ

[Lajos de] Bodroghy’s letter about
his colored-light organ [June 15,
p. 6] shows ignorance about the
three diffcrent  and  measurable
quantitics of color; luminouns flux,
purity and dominant wavelength
corresponding to the color sensa-
tions of brightness, saturation and
hue, respectively. e lacks knowl-
cdge of the curves of response (sen-
sitivity) of the cve to the three
primary colors, of broadband ver-
sus frequency filters, of the wave-
length of visible light. . . .

S.A. Russo
Belo Horizonte, Brazil
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WORLD’S
HIGHEST POWER
TETRODE

The New Vapor-Cooled ML-8545

Another Machlett innovation. The ML-8545 is a general-purpose tetrode
capable of 300 kW continuous output as a Class C amplifier or oscillator at
frequencies to 50 Mc. Maximum plate input is 420 kW, and is substantially
higher during momentary overloads or intermittent operation.

Applications include:

« High-power broadcast and
communications
« All-purpose rf generation
« Particle acceleration
For further data on the ML-8545 and the ML-8546, water-cooled version,
write: The Machlett Laboratories, Inc., Springdale, Conn. An affiliate of

Raytheon Company.

ELECTRON TUBE SPECIALIST
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People

Sylvania Electric Products, Inc., has
selected Eugene J. Vigneron to
spearhead its drive for conversion
from  defense
to commercial
products.  Vig-
ncron sees his
job—vice presi-
dent and gen-
eral manager of
the Commercial
Electronics divi-
sion—as one of
“using the defense resources of the
company—both  personnel  and
technologv—and applying them to
the commercial and industrial elec-
tronics business.”

The division was created by
splitting the former Home and
Commercial Electronics division
into two branches.

Vigneron, 47 years old, has been
with the company, a subsidiary of
the General Telephone & Elec-
tronics Corp., since 1936. He’s had
management experience in both de-
fense and commercial products.

Eugene H. Miller could claim most
of the credit for the tryout that
electron-beam techniques will soon
be getting in
the Microcircuit
Processor  sys-
tem (see p. 82).
But he won’t.
It's difficult to
get him to talk
about his role in
this project or in
other microcir-
cuit manufacturing development
programs. As a senior project en-
gineer in the Materials Laboratory
at Wright-Patterson Air Force Base,
Ohio, he’s responsible for super-
vising government-sponsored work
on a number of advanced materials
and processing contracts. Miller’s
government career parallels the ad-
vance of microelectronics. The ink
was hardly dry on his bachelor’s
degree in physics (John Carroll
University) in 1953 when he began
working on some of this country’s
first thin-film-component programs.
Around 1938, he began to focus on
thin-film and integrated circuits.
He began to propose electron-
beam techniques in 1960.

Electronics | November 16, 1964



Ray Colucci is the man who improves our DAP germanium line.
He's just about worked himself out of a job.

Over the years he’s refined, improved, tested, proven
reliability and generally made our Diffused Alloy
Power transistor line the best available. But he’s
getting a little concerned about what he can do for
you (and us) next.

He’s broadened the line so we have a 3, 10, 25 and
50 amp series (with Pc from 5 to 170 watts and
collector voltages up to 200 volts), with DC current
gain (hgg) running as high as 140. And, for high
current switching, they’ll handle 330, 1200, 3000 or
4500 watts (3, 10, 25 & 50 A) in microseconds. Ray
has complete reliability data on all types (we have
33 different 2N types in the JEDEC TO-3, TO-5,
T0-37 and TO-41 packages). He can meet military
specifications on the 25 amp DAP, and he’s even

lot in ignition systems, core drivers, hi-fi amplifiers,
ultrasonics and power converters, too.)

And Ray helped us work out our SOAR (Safe
Operating ARea) method of specifying switching
transistors. As long as our units are operated within
the SOAR envelope, secondary breakdown is avoided.
The 2N type number listing shows the appropriate
SOAR envelope values for these germanium transis-
tors, in all cases for switching times smaller than 50
usec from saturation to cutoff, T; < 110°C, and
2 turn-on and turn-off base current smaller or equal
to one-tenth of the maximum specified collector
current.

But after all of this, Ray hasn’t given up. He’s busy
working on more DAP improvements. So next time

you're talking to

wol kgd out some - o T N i —— :

special features | . [sare orcrarin avea NUMBER | A V|V w = e your Bendix sales

that make the Rt Tens ¢ | anazes, oN2e69 | 3 70| 110 %-/./ ‘ &;ﬁ: office, ask what

L] -5t b

DAP very attrac- ¢ Solm ;:ﬂ;:B'Z”m“ ig ;3 ;;g ¢ Ray has done
o € 005 ma€C _ ol o e o 0

tive for TV deflec- N lately. It might be
) g . X IN1653, 2N2287 25 | 60100 m

tion circuits. . U S | (s 25 |80 120 | < a money maker

(They’re used a ' B wh Ll L) L5 . for you.

Bendix Semiconductor Division
HOLMDEL, NEW JERSEY

eﬂo’l/'/

CORPORATION

THE

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N. J.

—(201) 747-5400; Los Angeles—(213) 776-4100; Miami Springs,
(415) LYtell 3-7845; Syracuse, N. Y.—(315) 474-7531; Waltham,

Third Avenue, New York; Ottawa, Ont.—Computing Devices of Canada, P.O. Box 508—(613) TAlbot 8-2711.
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Fla.—(305) 887-5521; Minneapolis—(612) 926-4633; San Carlos, Calif.—
Mass.—(617) 899-0770; Export—(212) 973-2121, Cable: “Bendixint," 605
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New from Sprague!

A Molded

Solid Tantalum Capacitor

That Makes Sense!

1]

CONSTANT
HEIGHT

CONSTANT

I ONLY THE OEPTH CHANGES) I

WIDTH

]

TYPE 190D
RECTANGULAR

TANTALEX®
CAPACITORS

i

Especially qualified for
applications such as printed cir-

cuits, where space is at a pre-
mium and must be fully utilized.

® Only the depth changes from case

to case — face area remains constant.
Well-suited for automatic insertion.

® Carefully selected height (0.350") cor-

responds with most acceptable maximum
height in normal printed board spacing.

® Uniform width permits neat, space-
saving alignment on wiring board. Lead
spacing based on popular 0.100” grid.

® Tough molded case with excellent di-
electric properties.

® Stand-off feet permit air circulation,
preventing moisture and solvent traps.

4

For complete technical data,
write for Engineering Bulletin 3531
to the Technical Literature Service,

Sprague Electric Co.,

North Adams, Mass. 01248.

4SC.aty

35 Marshall St.,

SPRAGUE

THE MARK OF RELIABILITY

*Sprague” and * (D" are registered trademarhs of the Sprague Electric Co.
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Meetings

Annual Science Conference, Belfer
Graduate School of Yeshiva University;
Hotel Astor, New York, Nov. 16-17.

Bioastronautics and the Exploration
of Space International Symposium,
Aerospace Medical Div., Southwest
Research Institute; Granada Hotel,
San Antonio, Tex., Nov. 16-18.

Engineering in Medicine and
Biology Annual Conference,
BME/IEEE, ISA; Cleveland-Sheraton
Hotel, Cleveland, Nov. 16-18.

Machine Tools Industry Annual
Conference, MTI-TC, IEEE;
Statler Hilton Hotel,

Hartford, Conn., Nov. 16-18.

Space Simulation Testing
Conference, AIAA, PTGAS/IEEE;
Pasadena, Calif., Nov. 16-18.

Magnetism and Magnetic Materials
Conference, IEEE, AIP; Radisson Hotel,
Minneapolis, Nov. 16-19.

Microelectronics and Large Systems
Symposium, Information Systems
Branch of ONR, Univac div. of

Sperry Rand Corp.; Dept. of the Interior
Building, Washington, Nov. 17-18.

Tri-Service Conference on
Electromagnetic Compatibility,
U.S. Army, Navy and Air Force;
Museum of Science and Industry,
Chicago, Nov. 17-19.

American Astronautical

Society National Meeting,

AAS; Kresge Auditorium,
Massachusetts Institute of Technology,
Cambridge, Mass., Nov. 18-19.

Definition and Measurement of
Short Term Frequency Stability
Symposium, NASA, IEEE,
Goddard Space Flight Center,
Greenbelt, Md., Nov. 23-24.

Mid-America Electronics Conference
(MAECON), Kansas State University,
Hotel Continental,

Kansas City, Mo., Nov. 23-24.

1964 Winter Annual Meeting, Nuclear
Engineering Div. of ASME; Statler-Hilton
Hotel, New York, Nov. 29-Dec. 4.

New Horizons in Solid State
Electronics, Rochester Institute of
Technology; Schraffts Motor Inn,
Rochester, N.Y., Nov. 30-Dec. 2.

The Road to Commercial Electronics:
A Conference on Converting Military
Capabilities to Civilian Markets,
Electronics Magazine, |IT Research
Institute; Grover M. Hermann Hall,
Chicago, Dec. 1-2.

Professional Technical Group on
Vehicular Communications Annual
Conference, IEEE; Sheraton Hotel,
Cleveland, Dec. 3-4.

General Systems Knowledge
Symposium, Society for General
Systems Research, IEEE; American
Association for the Advancement of
Science, Montreal, Dec. 26-31.

Reliability and Quality Control
National Symposium, ASQC, IEEE,
IES, SNT; Hotel Fontainebleau,
Miami Beach, Jan. 12-14.

Fundamental Phenomena in the
Material Sciences Annual Symposium,
llikon Corp.; Sheraton Plaza Hotel,
Boston, Jan. 25-26.

Winter Power Meeting,
PEEC/IEEE; Statler Hilton Hotel,
New York, Jan. 31-Feb. 5.

Winter Convention on Military
Electronics, PTGMIL & L.A. Section
of IEEE; Ambassador Hotel,

Los Angeles, Feb. 3-5.

Electrical/Electronic Trade Show,
Electrical Representatives Club,
Electronic Representatives Assn.;
Denver Auditorium Arena,
Denver, Feb. 15-17.

Solid-State Circuits International
Conference, University of
Pennsylvania, IEEE; University

of Pennsylvania and Sheraton Hotel,
Philadelphia, Feb. 17-19.

Particle Accelerator Conference, AIP
NSG/IEEE, NBS, USAEC; Shoreham
Hotel, Washington, March 10-12,

Call for papers
National Aerospace Electronics
Conference (NAECON), IEEE;

Dayton, Ohio, May 10-12. Dec. 15
is deadline for submitting both a
250 to 300 word abstract and a bio-
graphical sketch in triplicate to
Francis J. Catanzarite, NAECON
Papers Chairman, 493 Darnell
Drive, Dayton, Ohio 45431.

P.1.B. International Symposium on
System Theory, Polytechnic Insti-
tute of Brooklyn, AFOSR, ONR,
ARO; New York, April 20-22. Jan.
15 is deadline for submitting pa-
pers to Jerome Fox, Secretary,
Symposium Committce, Polytcch-
nic Institute of Brooklyn, 333 Jay
St., Brooklyn, N. Y. 11201.
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ADVANCED SOLID STATE AMPLIFIERS FOR YOUR
CONTROL AND INSTRUMENTATION APPLICATIONS

b.c
ASPLIFIER
MODEL mas

Mode! 885-135 Differential Amplifier
to drive multiplexers, tape recorders
and A to D converters.

GAIN RANGE: 1 to 3000
INPUT RESISTANCE:
100 megohms

BANDWIDTH: dc to
10 ke

QUTPUT: =5 voits at
*=10 ma

DRIFT: =1 uV for
40 hours

TEMP. COEFF:
20.2 uV/°F

NOISE: 2 uV rms

Model 126-101 Charge Amplifier. All
solid-state unit with internal dynamic

ealibration.
<
X

£ 34

ARGE
e
e

an
e s

o Vg
”

INPUT RESISTANCE: Y
10,000 megohms o

INPUT RANGE: 1 to "‘"
10,000 psi, g ibs |

GAGE FACTOR RANGE: =
1to 11 or 10 to —

110 pcmb per psi, ‘.:k

g or Ib, continu-
‘u
S

G 3

ously adjustable
FREQUENCY RESPONSE:
0.3 cps to 150 ke
STATIC CALIBRATE
MODE: Extends
response virtually
to dc for dead
weight testing. O

4

“>
asteceata

Contact your Astfodata engineering
representative for a demonstration...
or write today for technical literature
giving complete specifications.

16b
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ASTRODATA advanced design instrumentation amplifiers raise state-of-the-art standards to
higher levels for measurement ... conditioning ... monitoring . . . indicating . . . control.

For custom designs, Astrodata’s extensive experience provides a well-qualified capability for
satisfying your specific performance needs.

Model 884 Wideband (dc to 100 kc) Fioating, Guarded Amplifier...
Model 885 Wideband (dc to 10 kc) Differential, Isolated Amplifier...

high-gain/performance amplifiers for low-level, wideband systems at lowest cost. Completely
transistorized, these state-of-the-art amplifiers use field-effect transistors in place of mechan-
ical choppers to achieve lowest drift rate, freedom from microphonics and maximum reli-
ability. Gain range to 3000 and a continuously adjustable 10-turn vernier control are provided
as standard features. Two differential models with =10 ma or =100 ma output current from
a low impedance can drive long lines, A to D converters, multiplexers, galvanometers or tape
recorders. Transfer characteristic is optimized to provide wide frequency response with
minimum overshoot, fastest settling and overload recovery times, and minimum phase shift.
Common mode rejection is greater than 120 db with up to 300 volts dc or peak ac common
mode voltage.

All models have built-in power supplies, feature drift less than 1 uV per week, wideband
noise less than 4 xV rms, linearity better than 0.02%. Can be used either separately or in
the same rack module with Model 1155 Universal Signa! Conditioning Unit or Model 890
Electronic Filter to form complete, isolated signal conditioning channels.

Model 885-235 Differential Amplifier Model 1155 Universal Signal Conditioning
to drive data systems, long lines and Unit
galvanometers.

GAIN RANGE: 3 to 3000 g

INPUT RESISTANCE: - |-
100 megohms =%

BANDWIDTH: dc to
1

0 ke y -

QUTPUT: +10 volts |

at =100 ma |
DRIFT: =1 uV for .

40 hours
TEMP. COEFF:

+0.2 uV. °F
NOISE: 2 uV rms

Model 120 Nanovolt Amplifier gives
you high-gain/low-noise amplification
for seismic transducer signals, cryo-
genic studies, thermocouple or strain
gage signals.

GAIN RANGE: 200 to
1,000,000

BANDWIDTH: dc to
100 cps

NOISE: 0.05 aV rms

INPUT RESISTANCE:
1 megohm

OQUTPUT LEVEL: 0 to
=5 volts at =5 ma

——

o

ASTEROIDATA
P.0. Box 3003 - 240 E. Palais Koad, Anaheim, Californio -

Uses plug-in circuit 890 Filter to provide
cards to supply excita- complete conditioning,
tion or bias, attenua- calibration and normal-
tion, circuitcompletion, izing of transducer
balancing, filtering and signals.
calibration. Used with
low-level or high level
signals from thermo- &
coupies, strain gages, »
resistance temperature
sensors, thermistors,
potentiometers and 9
> ]

1

voltage sources. Can
function separately or
in same rack module .
with Models 884 or 885 %
Amplitiers or Model

_ad

Model 121Z Nanovoltmeter provides
0.1 aV full scale bridge balance de-
tector or thermocouple indicator for
standards and calibration work, in
the field and in laboratories.

FULL SCALE RANGES:
=0.1 aV to

=100 mv

INPUT RESISTANCE:
1 megohm

ZERO SUPPRESSION:
“0.5 uV to *5 mv

AMPLIFIER OUTPUT:
Gain 30 to 3 million,
delivers =5 volts
at =5 ma

Overload Indicator

ITINWC.

92803

TEL. (714) 772-1000 ¢« TWX 714-776-3760 « FAX + TELEX 06-78828 + CABLE ADDRESS - ASTRODATA. Anaheim

Circle 11 on reader service card
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EVERY SCOPE EXCEPT FAIRCHILD HAS NOW DEPRECIATED A BIT

New all solid state dual trace plug-in gives Fairchild scopes
100 mc bandwidth and 10 mv/cm sensitivity.

Fairchild has just extended the capabilities of Series 765 oscilloscopes to new ground. Now these
scopes —alone —meet the higher bandwidth and sensitivity demands of so many present-day appli-
cations. Every Series 765 scope, old or new, becomes an even more versatile instrument than ever.
And all solid state design affords size, weight and reliability advantages no tube scope can match.
Another first from Fairchild...a solid state scope that fully outperforms tube scopes in all specifications.
A new dual trace plug-in—Type 79-02A—provides full 100 mc bandwidth with sensitivity of 10 mv/
cm. This combination of bandwidth and sensitivity is unique; no other direct-reading scope available
today can approach it.

If the gap is widening between your oscillo- See it demonstrated in your plant. A
scopes and your measurement needs, you are  limited number of Type 79-02A plug-ins
losing money. Update scope equipment today have been allocated to Fairchild field
with the most advanced, most versatile /p- engineers for in-plant demonstrations.
strument you can buy—the fully transistorized  T"°"® O Write toarrange for a showing

- ) L . to your staff. Your request will be tele-
Fairchild 765 Series with its choice of 20 graphed to the Fairchild field engineer

p/(/g-//)S—/)OW /ﬁC/Ud/ﬁy the 7-}/,06' /9-02A  in your area, and he will call you to set
dual trace, 100 me unit. a date.

12 * Electronics | November 16, 1964



BEFORE YOU BUY ANY
HIGH FREQUENCY SCOPE,
KNOW HOW FAIRCHILD
CAN HELP WITH YOUR
TEST AND MEASUREMENT
PROBLEMS

Fairchild’s new Type 79-02A dual trace 100 mc
plug-in for Series 765 oscilloscopes meets a
need for higher speed and sensitivity in com-
puter, radar and communications work, or for
solid-state investigations. The Series 765 with
its other available plug-ins is not only the most
versatile of present-day scopes; its capabilities
can always be updated because all functional cir-
cuitry is in the plug-ins—the main frame serves
only as a power supply and indicator. While the
Series 765 is in every sense a quality laboratory
instrument, its transistorized circuitry, rugged
construction, light weight and complete relia-
bility make it preferred for use in the field.

Compare these features of the Type 79-02A plug-in with the capabilities of any wide band dual trace scope.

BANDWIDTH

Direct coupled: 0.1V/cm DC to 100 mc down 3 db; 0.01 V/em
DC to 90 mc down 3 db. Capacitively coupled: Down 3 db at
16 cycles. Rise time: 3.5 nanoseconds.

SENSITIVITY

Calibrated Operation Provided by frequency-compensated at-
tenuator in 8 steps of 1, 2 and 5 sequence from 10 mv/cm to
20 v/em when Variable Gain Control is set to CAL. Attenu.
ator accuracy is 3%.

Uncalibrated Operation Continuously variable from 10 mv/
division to 50 v/division. Variable Gain Control permits 2%z
to 1 continuous sensitivity adjustments between VOLTS/DIV
steps, extends the 20 v/div. range to 50 v/div.

Cascaded Amplifier Operation 1 mv/cm down 3 db at 50 mc.

Output Range Full 6 cm of vertical output scan. Overshoot and
preswing each less than 3% at 4 cm scan.

INPUT DATA
Input Coupling Channel 1 has 4-position lever switch for AC,
DC, Off, and Channel 2 cascaded input.

Channel 2 has 3-position lever switch for AC, DC and Off.
Polarity Inversion Provided in both channels.
Input Impedance 1 megohm shunted by 14 pf.

CALIBRATION
Attenuator includes CAL position which applies line-frequency
square wave signal directly to input amplifier. Calibration is

Let the Fairchild field engineer show you how you can update your
precision instruments with new generation Fairchild scopes. Call
your local Fairchild field engineer for a demonstration in your fab-
oratory or ask him for application assistance and detailed specifica-
tions. Write Fairchild Scientific Instrument Dept., 750 Bloomfield

Ave., Clifton, N. J.
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accomplished with 4 divisions of vertical deflection.

OPERATING MODES

5-position switch enables selection of following displays:
(1) Channel 1 only; (2) Channel 2 only; (3) Channels 1 and 2
switched alternately; (4) Channels 1 and 2 in chopped opera-
tion. Two chopping rates are provided, selected by internal
slide switch. Chopping rates are 100 Kc and 1 Mc. Switching
transients on CRT are automatically blanked; (5) Channel 1
plus Channel 2. Use of polarity inversion switches give
Channel 1 minus Channel 2 or Channel 2 minus Channel 1
presentation.

SIGNAL DELAY

230-nsec balanced distributed bifilar helical delay line is suffi-
cient to view base line and leading edge of the signal trigger-
ing the time base.

INTERNAL TRIGGER SELECTION
Two-position switch provides trigger take-off after the switch
stage (Ch. 1 and Ch. 2) or take-off from Channel 2 only.

CASCADED AMPLIFIER OPERATION

An internal connection from Channel 2 OUT connector to
Channel 1 input connector can provide series connection of
Channel 1 and Channel 2 amplifier. Channel 2 OUT BNC pro-
vides output of 0.5v.

ENVIRONMENTAL SPECIFICATIONS (OPERATING)
0°C to 50°C; 30 g shock; 2 g vibration from 10 to 55 cps;
altitude to 15,000 ft.

N ———————— S —
FAIRCHILD

e |
DU MONT LABORATORIES
SCIENTIFIC INSTRUMENT DEPARTMENT
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F/P-2564-A

NOW PLANAR Il in a HI-REL
INSULATED GATE M-0-S FET

SILICON DIOXIDE
DRAIN r

GATE SOURCE

PLANAR I
STABILITY DO 6

Cross-section shows insulated gate structure of Fairchild’s The PLANAR II process eliminates channel ‘development and focks
new FI-100 - a voltage-controlled, self-biasing, hole- the surface charge by prohibiting ion movement even under intense
conducting, Metal-Oxide-Silicon field effect transistor with fields (over 1,000,000 volts/cm) at temperatures up to 200°C. The
enhancement mode operation — with new high reliability result is an improvement in stability by at least three orders of
because of Fairchild’s PLANAR II process. magnitude — and unprecedented reliability for M-0-S devices.

New FI-100 P-Channel M-0-S FET features 10" ohms DC input resistance and is guaran-
teed from —55°C to 175°C operatmg temperature, —55°C to 200°C storage temperature,

® High Voltage: BVyss=50V

oRAW ® Extremely low and extremely stable
leakage: lpss=50 pA
SUBSTRATE. 5 ® Low input and output capacities:
C..=2.5 pf; C.,=0.4 pf; C,.=1.9 pf
souAcE. 5 ‘ ® Proven stability under both positive

and negative gate bias
® Enhancement mode operation

Photomicrograph and diagram for FI-100.

4 BASIC APPLICATIONS: (1) The FI-100 makesa  |MMEDIATELY AVAILABLE FROM DISTRIBUTOR STOCKS
highly efficient digital switch with almost infinite

fan-out and low power drain. (2) In linear amplifiers,
it eliminates the need for large by-pass or coupling —
capacitors. (3) For chopper or multiplex switch use,
it features a high ratio of “‘off”’ to “on” impedance and FA l R c H I L D
no offset voltage. (4) It features high input imped- _
ance in amplifiers. Write for data sheet containing

complete specifications. S E M | C D N D U CTD R

FRANCHISED DISTRIBUTORS

AVNET Chicago, 1I.. 678-8160; Toronto, Canada. 789:2621 « BOHMAN Orlando, Fla.. 425.8611 » CRAMER ELECTRONICS Newton. Mass.. WO 9-7700: Hamden. Conn., 288:7771  CRESCENT ELECYRONIC SALES
Orlando, Fla., 423-8586 » DART SALES Syracuse, N.Y.. GL 4.9257; Buffalo, N.Y., 684.6250 » DENNY.-HAMILTON, San Diego. Cal.. 279-2421 » DURBIN-HAMILTON. St. Louss. Mo., -966:3003 o EASTERN SEMI.
CONDUCTOR Syracuse, N.Y., 454.9247 « E. C. ELECTRONIC SALES Minneapolis, Minn.. 888.0102 » HAMILTON Phoenix. Ariz.. 272-2601; Los Angeles. Cal., 870-0236; Palo Alte, Cal . 321.7541; Seattle, Wash.,
2823836 » HYER Oenver, Colo., 761.0754; Albuquerque. N.Mex., 268.6744; Salt Lake City. Utah, 322.5849 s MARSHALL Scottsdale, Aniz , 946-4276: San Marino. Cal.. MU 1.3292; San Diego. Cal.. BR 8.6350:
Redwood City, Cal.. EM 6-8214 » NORVELL Oallas, Tex.. FL 7-6451; Houston, Tex.. MO 5-0558 » POWELL Beitsville. Md., 474-1030: Philadeiphia, Pa., 724-1900 « SCHLEY Watertown, Mass.. WA 6-0235 « SCHWEBER
Westbury, L.I., N.Y., ED 4.7474 « SEMICONOUCTOR SPECIALISTS Chicago, 11!.. 622-8860; Minneapolis, Minn., UN 6-3435; Dearborn, Mich., LU 4.5901 « SHERIOAN Cincinnati. Ohio. 761.5432; Cleveland. Ohio.
884-2001: Dayton, Ohio, 277-8911 e SOLID STATE Chicago. }II.. 889.8033 « STANDARD Buffalo. N.Y.. TT 3.5000 s SUMMIT DISTRIBUTORS Buffalo. N.Y.. 884.3450 s TAYLOR Baldwwin, L.1., N.Y.. BA 3.8000
TEC-SEL Huntsville, Ala., 837.454]1 o VALLEY Winter Park. Fla., G47.1216; Baltimore. Md.. NO 8-4900; Cherry Hill. N.J., NO 2.9337.

FAIRCHILD SEMICONDUCTOR/A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION/313 FAIRCHILD DR., MOUNTAIN VIEW, CALIF./962.5011/TWX: 910.372.56435
FAIRCHILD'S M-0-S FET IS MFRD. UNDER U.S. PAT. NOS. 3025589, 3064167, 3108359,
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Editorial

Science
VS.
politics

While the political campaign thundered to a noisy
end, a congressional subcommittee sounded a warning
that was nearly lost on an election-minded \Washing-
ton. The House Subcommittee on Science and Re-
search cautioned against awarding federal research
and development funds on any basis other than tech-
nical and scientific merit.

To many a supplier in space electronics, the sug-
gestion struck a responsive chord. A suspicion has
been growing that the National Aeronautics and
Space Administration has been playing politics with
some of its contracts. A frequent complaint from
contractors is that NASA sometimes puts contracts
into suppliers’ hands on the basis of screams from a
congressman or senator rather than on technical or
scientific merit.

The subcommittee also confirmed what a lot of
people already knew: that a few states and a relatively
small number of recipients get a major portion of
federal R&D expenditures.

Now that the election is over, the problem is likely
to get tackier. Candidates of both parties have made
liberal promises of contracts to the defense-blighted
areas of California, New York, Massachusetts and the
South. The worry is that the winners of the local
elections will pay off on their promises on some basis
other than ability to do the work.

Even before the election, 100 congressmen told
President Johnson they would oppose all his legisla-
tion if their districts did not receive some contract
help. Since the President seems solidly committed
to holding military expenditures at the present level
and retaining the strict criteria for using them,
NASA’s $5-billion-a-year budget looks like the easy
answer.

To keep the congressmen happy, NASA may fall
back on political expediency as a basis for awarding
contracts.

Almost every government agency is accused at
some time of awarding contracts for political reasons.

Often the charge is false. But in NASA’s case, there
has already been enough smoke to warrant some-
body’s looking for the fire.

In 1963, when the Defense Department decided
to end several projects prematurely, legislators in
some states complained bitterly about the resultant
economic decline and local unemployment. Shortly
afterward, NASA contracts were awarded to some of
the affected suppliers.

For example, insiders charged that NASA huad se-
lected the Hughes Aircraft Co. to be the contractor
for a lunar orbiter photographic project and that an
announcement was pending. But the agency abruptly
awarded the contract to the Boeing Co. after congress-
men from the state of Washington protested the
Pentagon’s folding of the Dynasoar program. The
same experts say Hughes would have received the
project it Dynasoar had lasted only two more weeks.

When NASA decided it wanted its own electronics
research center, selection of a site became a political
football. Everv congressman with a political prob-
lem in his state wanted the research center there.
Cloakroom gossip savs Sen. Edward Kennedy of
\Massachusetts, who had run for office on the slogan
“Y have a voice that will be listened to in Washing-
ton,” had the most political influence.

On the surface, Boston did indeed have a problem.
Defense cutbacks had seriously hurt many of the
companies that had made Massachusetts’ Route 128
famous. Apologists for NASA rationalized the choice
by pointing out that the Boston area did have a sur-
plus of electronics engineers and technical facilities
to support such a center.

Now NASA says it will have to go out recruiting
because Boston has all the wrong kinds of engineers.
And last month in Chicago, NASA Administrator
James Webb said that proximity to the center would
be no guarantee of contracts, and that the center
would search out suppliers all over the country.

NASA exploded almost overnight from a tiny
agency operating a few wind tunnels to a $5-billion-
a-vear organization probing the universe. With such
spectacular growth, incfficiencies were inevitable.
Many of NASA’s contract awards have been ques-
tionable [story on p. 103]. But there’s no excuse for
turning the nation’s space program into a political
grab bag.

There is much at stake here. National reputation
and prestige are among the less important factors.
NASA has the resources to remake electronics tech-
nology, to make possible consumer, medical and in-
dustrial products not even imagined today, and to
resolve some of man's most nagging worries about his
universe,

Ward politics should not interfere.
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“S-SERIES

“WJS-SERIES

* ALL WELDED
SERIES

A
*“ WKJ-SERIES

NEW erom ALLIED

SMALLEST 6PDT RELAY

GOMPARE

ALL WELDED
CONSTRUCTION

T

The WMR Series represents
a unique combination of
advanced design technol-
ogy and miniaturization,
it is suitable for upgrading
existing equipment, and
particularly recommended
for dependable centralized
switching in new systems.
IJCTUAL S|Z;l PAT. PENDING

Compact ............ 1”7 dia. X 1" high
Welded Construction

.. No solder flux

Reliable ............. Bifurcated, gold plated contacts

Versatile ............ Low level to 3 amperes, to 6PDT
Rugged ............. 30G, 2000 CPS vibration; 100G Shock
Stable .............. Low friction, ball bearing armature

...... Conforms to MIL-R-5757/1 and /7

SEND FOR WMR CATALOG SHEET

ALLIED CONTROL COMPANY, INC.
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2 EAST END AVENUE, NEW YORK, N.Y. 10021 AL-284
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Townes bolsters
Tyco laser claim

Pay-tv firm files
suit in California

Microcircuits hurt
connector sales

Electronics Newsletter

November 16, 1964

Tyco Laboratories, Inc., has acquired an influential supporter of its claim
to having achieved laser action in silicon carbide. He’s Nobel laureate
Charles H. Townes.

In answer to a question at the Northeast Electronics Research & Engi-
neering Meeting’s session on quantum electronics, Townes said, “The
Tyco people recently showed me their results, and I am convinced they
have a working laser unless I completely misunderstand the nature of the
experiments they have done.”

Townes said he has not seen any Tyco experiments in progress; he
based his judgment on “data and pictures.” He referred to a 1963 paper
by A. I. Mlavsky of Tyco in which laser action was claimed, and to an
attempted refutation by Robert N. Hall of the General Electric Co., a
semiconductor expert. [Electronics, Nov. 15, 1963, p. 19]. “I don’t think
either paper was convincing,” Townes said, adding that he based this
opinion on subsequent data.

“We are not prepared to discuss this subsequent data,” Tyco president
Arthur J. Rosenberg said. “I do not think it would be proper to discuss
the results of an experiment without also discussing the way it was done.
In this instance, we are not prepared to tell the how of it.”

Silicon carbide is the first compound of its class for which laser action
has been claimed. Tyco reported continuous operation at room tempera-
ture, with emission in the blue region of the spectrum, at 4560 angstroms.

Pay television received a setback when California voters approved a
proposition that prohibits pay tv. As a result, Sylvester Weaver, president
of Subscription Television, Inc., said-the company is suspending its oper-
ations immediately and removing equipment from 6,000 subscribers’
homes in Los Angeles and San Francisco. At the same time, however,
Weaver vowed an all-out legal battle against the proposition. His lawyers
have filed suit in State Supreme Court asking a writ to prevent Frank
Jordan, California Secretary of State, from ordering that the proposition
take effect as law. Weaver said the company would shift its operations
to other states until the constitutionality of the ban is determined. Sub-
scription Television has been talking to officials in Philadelphia, Boston,
New York, Chicago and Minneapolis.

A barometer of the microcircuit storm sweeping the electronics industry
is the way some manufacturers of printed-circuit-card connectors are
slashing sales estimates. One predicts a 75% slump in 18 months, another
a 75% drop in two or three years—it depends on how fast commercial
electronic systems, as well as military, go micro. Sales of card connectors
are estimated at $45 million this year.

Microcircuit systems need only a few cards at the subsystem level. A
card that contained a few conventional circuits can carry dozens of pack-
aged microcircuits.

The use of cards will be reduced further when equipment manufactur-
ers perfect ways to use unpackaged microcircuit chips, interconnected en
masse in single packages. That goal was a major theme at a round-table
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Air Force to buy
attack-proof net

Radar for blind
may use a laser

Integrated circuits
in RCA computers

Service stations
for satellites

18
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discussion Oct. 27 of the Society of Automotive Engineers’ committee on
welded electronic packaging. A subcommittee was formed to study
advanced joining methods.

Representatives of the Elco Corp. and AMP, Inc., took part in the con-
ference. These companies, and other leading connector manufacturers,
are pressing to get mass-interconnection systems ready in time to meet
the anticipated demand. Conventional connectors won’t be small enough
for mass interconnections. They've been microminiaturized to the point
where spacing between contacts is 20 or 25 mils, but that’s their limit.

The Air Force is completing procurement of a low-frequency commu-
nication system that might survive a nuclear attack. It would link the
Joint Chiefs of Staff and the Strategic Air Command. Planned as a SAC
communications back-up, the system, called 487L, will consist of high-
power low-frequency ground-transmission stations, ground receive-only
sites for low-frequencies and very-low frequencies, and airborne transmit-
receive equipment for low and very-low frequencies. Selected to submit
bids are the Space General Corp., and the Westinghouse Electric Corp.
The Space General group includes the Philco Corp. and Sylvania Elec-
tronic Systems, a subsidiary of the General Telephone & Electronics
Corp. Westinghouse’s associates include DECO Electronics, Inc., and
National Company, Inc.

The blind may receive help from the laser if work at the Massachusetts
Institute of Technology’s Lincoln Laboratory turns out successful. Dr.
Robert Rediker of Lincoln, speaking at an electron-devices meeting in
Washington, said a prototype has been built of a radar using a solid-state
diode laser.

It's about the size of a flashlight, operates at room temperature, puts
out 6 watts in 10-microsecond pulses, and uses a half-inch-long gallium-
arsenide diode laser. It's powered by a silicon controlled rectifier circuit.
The radar would be one of the first practical applications of a solid-state
diode laser at room temperature.

The Radio Corp. of America is following the International Business
Machine Corp.’s example with a line of integrated-circuit computers
comparable to IBM’s 360 series. The stress is on low cost and high circuit
speeds, using monolithic integrated circuits in the central processor.
By the end of the year, RCA is expected to introduce five models, the
first a little smaller than the model 30 in the 360 line, the largest some-
what bigger than the model 50. The smaller computers in the line will
use hybrid circuits.

Within the next few weeks the Communications Satellite Corp. is expected
to select the company that will work on the design of ground stations to
service communications satellites. Six companies are in the running:
American Telephone & Telegraph Corp.; ARCS Industries, Inc.; Daniel,
Mann, Johnson & Mendenhall; Hughes Aircraft Corp.; Page Communica-
tions Engineers, Inc., and Westinghouse Electric Corp.
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If you ship from
5 to 50 pounds anywhere in the U.S.
you’re missing a bet

...unless you check Air Express.

There are many reasons why.

For example, you can actually ship
a 20 pound package from New
York to Chicago by Air Express for

less than motor carrier ($6.20 vs.

$6.82)...and at asizable saving in
time.

Among air cargo services, Air
Express is often cheapest and
quickest too.

Another point. Air Express rates
are figured door-to-door. You only

Electronics | November 16, 1964

have one call, one waybill.

And there’s more. Air Express
can deliver by sunset tomorrow to
any one of 21,000 U.S. cities.

Pickup is made within 2 hours
of your call. Your packages get top
priority on every scheduled airline
after air mail.

On the ground, 10,500 delivery
trucks speed deliveries between
you, the airports and your custom-
ers. Compare this with any other

service available.

There is only one Air Express...
it's a joint venture of all 39 sched-
uled airlines and R E A Express. No
wonder it gives you the best serv-
ice in the air and on the ground.

Next time you ship from 5 to 50
pounds, try Air Express. Simply call
your local R E A Express office for
detailed information.

Air Express outdelivers them all
...anywhere in the U.S.A,

Air Express

Division of REA Express °
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.+ AT LAST — THE FIRST TRUE HYBRID COMPUTER

A completely new kind of signal processor, the Adage

AMBILOG™ 200 computer is designed from the ground up to

exploit the best of both analog and digital technigues. It combines
parallel hybrid arithmetic with stored-program sequential operation.

High processing speeds (often ten times faster than comparably-
priced conventional machines) and extensive input/output for both
analog and digital data make AMBILOG 200 ideal for data
acquisition, simulation, and information display.

PARALLEL
HYBRID ARITHMETIC

AMBILOG 200 achieves high
processing speeds through
parallel organization of hybrid
computing elements all
operating simultaneously on
analog and digital operands.
Word length of digital operands
is 15 bits; analog accuracy is
.019%. A fast 30-bit digital
accumulator augments the
15-bit hybrid arithmetic.

A typical configuration
performs 12 additions, 2 multi-
plications and 1 division in ten
microseconds.

Hybrid arithmetic, A /D and

D /A conversion, comparison,
and signal routing and
conditioning are all carried out
under direct control of the
stored program.

SEQUENTIAL STORED-
PROGRAM OPERATION

Fifteen and 30-bit data words
are transferred at high speeds
to and from memory and all
other parts of the AMBILOG 200
under flexible stored-program
control. Core memory word
tength is 30 bits; cycle time is

2 microseconds. Memory sizes
up to 32,768 words are available,
all directly addressable. Digital
1/O devices include punched
tape, typewriter, magnetic tape,
and direct data channels. A
unique multiple priority
interrupt system permits com-
plete servicing of interrupts in
as little as 3 microseconds, and
facilitates interconnection for
multi-processor installations,

PROGRAMMING

Instruction word length is

30 bits, permitting simultaneous
control of memory, source and
destination selection, word
rotation, and Boolean logical
operations. The order structure
includes provision for recursive
indirect addressing and
indexing, a number of condi-
tional and unconditional jumps,
and program traps.

The AMBILOG 200 Symbolic
Translator permits program-
ming in symbolic source
language and iseasily extended
to accept any problem-oriented
source language.

Software support includes
programmer and maintenance
training, installation and
maintenance services, system
programs, standard sub-
routines, and complete
documentation.

Adage, Inc. welcomes employment inquiries from professional engineers.

BROAD APPLICATION

Flexibility, economy, and real-
time processing power make
AMBILOG 200 a ‘‘natural" for

Biomedical monitoring
Seismic data processing
Sonar and radar signal
enhancement

Test stand instrumentation
Programmed automatic
checkout

Factory test and inspection
Communications research
Process control
Space-vehicle simulation
Simulator trainers
Telemetry receiving stations
Visual display systems

For more facts, contact
I. R. Schwartz, Vice President
617-UN 4-6620.

e g

Main Office and Factory
292 Main Street

Cambridge, Massachusetts 02142

West Coast Plant
1145 East Ash Avenue,
Fullerton, California 92631
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SOLID STATE POWER SUPPLIES
& STATIC FREQUENCY CHANGERS

That's all there is in power supplies and Chatham bhuilds them all

Some are standard production. Most are specially designed and custom built. Some meet the severe requirements of
MIL-E-4158, 8189 or 16400. Others are made to industrial or commercial standards. Some plug into laboratory equip-
ment. Others power computer input-output gear, telemetry and communications systems, avionics, or ground support
equipment. All have this in common: Chatham’s years of experience in translating advanced power supply concepts
into efficient, accurate, reproducible designs. Write for more detailed information and describe proposed application.

CHATHAM ELECTRONICS

LIVINGSTON, N.J. TWX: 201-992-7350
DIVISION OF TUNG-SOL ELECTRIC INC.
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New products from TI to help you

Figure 2. 2N2944 series chopper Figure 3. Interdigitated geometry of TISO5 P-channel
transistors field-effect choppers

*Trademark, Texas Instruments Incorporated
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New one-amp glass rectifiers
offer high power, small size

Small size, high powcr capability and high
reliability are three good rcasons why you
should consider TI's new series of one-amp
glass-encapsulated rectifiers. This combination
of features makes them idcal for both industrial
and military applications.

As you can see in Figure 1, they are up to
10 times smaller than top-hat, flangeless and
epoxy types. A fully-insulated cylindrical pack-
age, weldable leads, and the absence of pro-
truding flanges simplify assembly and permit
high-density packaging for added space savings.

The new 1N4383-85 rectifiers provide high
current capability (1 amp continuous at 100° C,
50 amps surge) and high inverse voltage rating
(up to 600 volts) in a hermetically sealed glass
package only 0.360” long and 0.150” in diam-
eter. For detailed specifications, simply circle
187 on the reader service card.

Replace more than thirty older
chopper types with new
planar PNP choppers

More than thirty older types of alloy and
electro-chemical choppers can now be replaced
with the industry’s first planar, epitaxial-base
chopper transistors. Typed as the 2N2944-46
series, the new TI transistors offer circuit
designers the benefits of a true planar device,
with extreme ruggedness and improved electri-
cal characteristics.

Planar construction eliminates the mechani-
cal problems seen in older types of construction,
and is capable of withstanding over 30,000 G’s
stress in the centrifuge. Breakdown voltage is
40 volts, min.; collector cutoff current is 25
nanoamps, max, at 100° C; and offset voltage
is 0.8 millivolts, max, at 200 microamps. The
units (shown in Figure 2) arc packaged in the
TO-46 case.

The 2N2944-46 planar choppers are now
available from authorized TI distributors. Circle
188 on reader service card for data sheets.

For chopper applications requiring
very high input impedance: TIS05

The unique TI P-channel field-effect chopper,
the TIS05, offers low “‘on” resistance, improved
high-frequency performance, low capacitance,
and low leakage. It is especially suitable for
choppers, analog switches, high-gain amplifiers,
and other applications requiring high-input-
impedance chopping. “On” resistance is typ-
ically 90 ohms, and the units’ high Yy/Cis ratio
gives improved high frequency performance.
Offset error is minimized.

Circle 189 on reader service card for data
shect.

New 50-amp germanium
power transistors combine
economy with high reliability

Y ou can simplify and reduce the cost of high-
power industrial power supplies by using new
TIGO05-TIG10 germanium power transistors.
You can also increase circuit efficiency, improve
reliability and reduce equipment size.
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improve performance and reduce costs

The new transistors offer you characteristics
in an advanced new TO-3 package (Figure 4)
which were formerly available only in signif-
icantly larger and more expensive TO-36
devices. These include high beta at high current
(20 to 80 at 30 amps), high dissipation (150
watts at 25° C casc tempcrature), low satura-
tion voltage (0.5 volts at Ic = 30 amps and
Ip = 3 amps), and exceptionally low thermal
resistance (85.c = 0.5 C° / watt).

Circle 190 on the reader service card for
information.

Forty standard diode types,
six new types now available
with planar construction

Three new series of planar diodes have becn
announced by Texas Instruments. The new lines,
which include zeners and high-conductance
switching diodes as well as general purpose
devices, offer many advantages unique to the
all-planar construction.

The planar general-purposc types include the
JAN IN645, 1N482-486 (including A and B
types), 1N456-459A, and the 1N461 serics.
Packaged in the Moly/G® diode package, these
units feature outstanding stability plus low
leakage currents at elevated temperatures.

Planar zener types are the 1N962B-973B.
Also in the proved Moly/G package, thesc
diodes give the circuit designer low-noise per-
formance, excellent regulation at low zencr
voltage levels and stable reverse characteristics
with life.

The new high-conductance planar switching
diodes are designated TID11-16. Electrical char-
acteristics include extremc stability, high con-
ductance and high breakdown voltage. They are
offered in the Uni/G* diode package.

Circle 19! on reader service card for data
sheets.

New Tl GCS switches 750
watts in 6 microseconds

High power-switching capability, fast switch-
ing times, and high turn-off gain are major
advantages offered by TI's new TIC11-TIC1S
gate controlled switches. These features allow
you to reduce capacitor size, cut drive-power
requirements, lower equipment costs, and
improve reliability.

These new GCS's are well suited for a wide
range of uses, such as high-frequency d-c switch-
ing applications, power inverters and converters,
high-spced relay and hammer drivers, power
flip-flops, and electronic circuit breakers. Other
applications: high-power pulsec modulators,
switching-mode power supplics and regulators,
fluorescent ballast replacecment and auto igni-
tion systems.

Characteristics include high current turn-off
gain (only 200 ma is required to turn off 5 amps
at 100 volts), high voltage capability (100 to
500 volts), high power switching (750 watts
up to 7.5 amps), and fast switching speed
(typically 6 psec).

Also contributing to reliable performance is
TI's new TO-3 cold-weld package shown in
Figure 6. The new design features an all-copper
header and can assembly for cooler operation.
(Sec Figure 4 also.)

Circle 192 on the reader service card for
full information.
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Alyminum T0-3
mounting flange
for ecanomy

Cold-weld sea! for
high reliabdlity
»

header and can
for high dissipation,
low thermal resistsnce

Figure 4. New TO-3 package for TIGOS-10 germanium
power transistors and TIC11-15 GCS's

Figure 5. Moly/G® and
Uni/G* packages for
new Tl planar diodes

SWITCH 750
WATTS IN
6 PUSEC

I, ANODE FORWARD CURRTNT

10 miec PULSE WIOTH 0% O

— L3 - S—

750 WATTS
/~ WAL RESISTIVE LOAD T 580°C

D GG EE—

100 200 300 400
Vas = ANDDE SUPPLY VOLTAGE — vaity

Figure 6. New TIC11-15 GCS's switch high power . .. fast! (See Figure 4 also.)

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND o NICE, FRANCE ¢ DALLAS, TEXAS

TEXAS INSTRUMENTS

INCORPORATED

13500 N. CENTRAL EXPRESSWAY
P. O. BOX 5012 » DALLAS 22. TEXAS

20926
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In studies of the structure of matter, mag-
FONER = netic properties have iong been of para-
mount importance in providing information

VIBRATING of a fundamental nature. This has been true

SAMPI_E ;n suchdyvidlely. di\égrsehfielqs ?s th(te studyt:f

T R 3 ree radicals in bio-chemical systems, the

MAGNETUMETER . study of the deHaas-Van Alphen effect in

/] metallic crystals at low temperatures and

. investigations of the nature of the bonds in

intermetallic compounds. The limitations

imposed by classical methods of magnetic

measurements, those of low sensitivity and

o i i ! of high field homogeneity, have however

}gﬁ oy | made precise meaningful measurements

":—«f} ‘% ] difficult and slow and hence have restricted
their ultimate useful employment.

The development by Foner of a versatile
and sensitive Vibrating Sample Magneto-
meter* and its commercial availability
through PAR now make possible the exten-
sion of magnetic measurement techniques
both to experiments requiring sensitivities
and resolutions heretofore unobtainable,
and to routine measurements which require
simple set up procedures and quick sample
changes. With this magnetometer, perma-
nent and/or induced magnetic moments may
be precisely measured in a uniform magnetic
field as a function of temperature, field,

crystallographic orientation, or time. This is

s =1 done by placing a small sample of the ma-

\ _— s, terial whose magnetic moment is to be

determined in a sample holder located at

the end of a vibrating rod and vibrating it
perpendicular to the magnetic field of the
th It' magnet. The resulting oscillating dipole field
e u Imate induces an AC voltage in a pair of stationary
pick-up coils mounted securely to the pole

instrument faces of the magnet. The induced voltage is

> measured electronically in a system whose
[ ] 3 o T ..

fur Investl atln signal-to-noise ratio is near the limit set by

the Johnson noise of the pick-up coils. From

the magnitude of this measured voltage, the

magnetic magnetic moment of the sample is deduced.

An extremely wide range of magnetic mo-

pmperties ments can be measured with high precision

and the instrument has a simple calibration
nf matter procedure, exhibits very high stability, and

minimizes most sources of error. Cryogenic
techniques may be used to measure mo-
ments over an extended range of tempera-
ture down to the liquid helium range. Mag-
netic moment measurements of Ferromag-
netic, Paramagnetic. Diamagnetic, Ferrimag-
netic, Antiferromagnetic, Metamagnetic and
Superconducting materials have been made
utilizing this system. Various versions of this
instrument have now replaced most of the
classical methods for magnetic moment
measurements in numerous laboratories
throughout the world. Price $12,500. Your
inquiries on specific magnetic measurement

problems are invited.

*Manufactured exclusively by PAR
under license in U.S. Patent No. 2,946,948,

Write for Bulletin No. 116 to:

PRINCETON APPLIED RESEARCH CORP.

5 Dept. D
. H (Kg) Box 565, Princeton, New Jersey
Typical deHaas-Van Alphen Effect

4
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People

Nobel Prize winners

One American and two Russians,
pioneers in the young science of
microwave spectroscopy, will re-
ceive the Nobel Prize for physics
on Dec. 10.

Charles H. Townes, 49 years old
and holder of the fundamental pat-
ent on the maser, will receive half
of the $53,000 prize. The other half
will be shared by Aleksander M.
Prokhorov and Nikolai G. Basov
of the Lebedev Physics Institute in
Moscow.

The prize comes 10 years after
Townes reported a new type of
amplifier, using a beam of ammonia
molecules fired into a resonant cav-
ity with a low loss of energy. He
called it “maser,” for microwave
amplification by stimulated emis-
sion of radiation.”

The Soviet physicists used a sim-
ilar ammonia-beam technique to
make the circuit losses less than
the gain supplied by the excited
molecules. But Townes and his
group at Columbia University built
the first successful maser, late in
1953.

Works on sound. Townes, pro-
fessor of physics and provost of
the Massachusetts Institute of

U. S, winner Charles H. Towne

3. e o

‘ets v‘m-‘i\ v‘:"-‘ow,_,
Mew )%% i

Soviet winners Nikolai G. Basov and Aleksander M. Prokhorov

Technology, is continuing his re-
search in quantum electronics,
heading an MIT research -project
on phonon masers. His group has
been bombarding crystals with
ruby laser beams to produce ex-
tremely  high-frequency  sound
waves. Thus far they have meas-
ured hypersonic vibrations up to
60 gigacycles.

Much of Townes” work in recent
vears has been aimed at examining
fundamental relations of length and
time as predicted by Einstein’s rela-
tivity theory. He believes that these
experiments can open the way to
more precise standards, and that
the wavelength of light may be-
come the ultimate standard of
length and time [Electronics,
March 22, 1963, p. 74].

Shared Lenin prize. Prokhorov
and Basov are accustomed to shar-
ing things. They shared the Lenin
Prize in 1959 for their laser work.
which is praised in the West as
being of high quality theoretically.
Unlike the United States, where
any high school science laboratory
can make or buy a laser, the Soviet
Union does not manufacture lasers

commercially. Almost all its the-
oretical work in lasers is done
at the Lebedev Institute.

The Russians have recently re-
ported a semiconductor laser whose
efficiency approaches 100%, com-
pared with 1% for gas or ruby
lasers. Basov, chicf designer of the
laser, claims that such a device
could be measured in tenths of a
millimeter, but that its output could
be hundreds of thousands of times
that of the most efficient ruby gener-
ator. He says it could ‘be 4used
for intermittent and continuous op-
eration in computers or high-den-
sity communications engineering.
as well as irf certain types of com-
mercial light sources,

Computers

Auto design

An auto designer can now exchange
information with a computer as
easily as he communicates with his
colleagues.

Systems to make this possible
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have been announced by the Gen-
eral Motors Co. and International
Business Machines Corp.

The new systems add flexibility
to existing methods of computer
graphics where an enginecr uses a
light-pen to talk to a computer.

GM system. GM’s is the first
completely electronic styling sys-
tem for automobiles. It has broad
implications for automobile draft-
ing, engineering and production.

It uses time-sharing of its central
processor for normal engineering
problems and for electronic design-
ing of cars. The system, called
DAC-1 for “design augmented by
computers,” is reported to be faster
and more flexible than the Ford
Motor Co.s use of numerically
controlled drafting machines to
turn out drawings [Electronics,
June 1, p. 64].

The difference. What’s new is
the drawing system built to GM’s
specifications by IBM. A camera
records manually drawn designs on
35-millimeter film that is developed
in 30 seconds. The film is placed
between a cathode ray tube and a
phototube. As the crt scans the
film, the light patterns are picked
up by the phototube and recorded
as digital information by the com-
puter.

A drawing to be worked on is
continnously regenerated, point by
point, on the display console. If, for

Electronic styling lets designer

at GM add or remove a line by
pressing the proper button and
running a light-pencil over the face
of the display. He can also enlarge
a view or change the perspective.
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instance, the designer wishes to
crase a line he pushes the erase
button and passes the light-pen (a
photodiode) over that line.

The photodiode senses the in-
stance when each point is regene-
rated. The computer then knows
the “address” of the line it should
crase from its memory. Similarly,
a line may be added.

When the design is finished, the
data can be used to punch tapes,
drive numerically controlled draft-
ing machines, or control tapes for
numerically controlled tools.

The GM system has been operat-
ing cight hours a day since early
1963 and is reported to have been
used for experimental drawings of
some 1966 and 1967 Buicks and
Oldsmobiles.

The IBM system won’t be avail-
able commercially until 1966. Until
then it will be difficult to tell how
it compares with other methods of
computer analysis of design proh-
lems. The system adds $12,300 a
month to the cost of the computer.

Use of the IBM equipment for
clectronic transient analysis was
demonstrated [photo below, left].

An cngineer drew an r-c circuit
on a cathode-ray tube, with variable
resistor and capacitor in the center,
axes for an input curve at the left,
and axes for an output curve at the
right. He then drew in an input
curve, and an output curve ap-
peared automatically on the graph
at the right.

Next he raised the value of the
variable resistor by pointing the
light pen to the head of the arrow;
this also changed the output curve.
Extending this technique to more
complicated circuits, an cngincer
could find out immediately what
the output of a circuit would he
with any input for any range of
component values, IBM says.

Wide potential. Irving Abzug,
manager of image-processing sys-
tems for IBM’s Data Systems divi-
sion, says any enginecring design
discipline can be programed into
the system.

IBM System. IBM’s image dis-
play allows for graphic problem
solving in any design situation.

An IBM 2250 display unit, intro-
duced as part of the System/360
computer is used with a 2282 film

BALETRORIC WE i IMAATION

TRARLENY Ml vETE

Engineer, light-pen in hand,
demonstrates the use of IBM'’s
graphic data-processing
system for transient analysis.

scanner and film recorder. The
scanner converts mircrofilm images
to digital form for computer stor-
age. With the recorder, an engineer
can get a microfilm record of any
piece of his calculations within 48
scconds, according to the company.

In addition to computer-aided
design, the IBM system can be
used to develop engineering draw-
ings and prepare statistical busi-
ness graphs. With the light-pen
and proper .programing, the oper-
ator can add or delete lines, modify
a curve, change a physical dimen-
sion or identify a piece of informa-
tion.

Business

Defense cuts still hurt

The recent leveling off of the
United States’ defense budget is
pinching the pocketbooks of many
electronics companies around the
nation.

Companies with a major share of
their output tuned to the military
were hardest hit. But even some
concerns with a relatively small
emphasis  on  defense  products
found business bleak. Many com-
panies that posted gains in their
commercial markets found that
these gains were insufficient to off-
set sharp declines in military busi-
ness.

Others, with a sharp eye on cost
cutting, were able to report gains
in profits despite a drop in military
sales.

Bucking the trend. However, a
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few companies bucked the trend of
the industry by reporting sales and
profit increases. Despite the general
wave of complaints that military
cutbacks are crushing the industry,
a handful of concerns say they see
a bright future in the defense busi-
ness because they are producing
the products that the military needs
instead of trving to adopt vester-
day’s military tools to today’s com-
plex warfare.

Generally, electronics companies
agrce: The health of the industry
depends on its ability to cut costs
and to diversify.

A brief look at several electronics
companies around the country pro-
vides a clue to the future for the
industry and an indication of the
causes of the current ills.

= The General Electric Co. re-
ported sales and operating profit
declined in the nine months ended
Sept. 30 from the like year-earlier
period. The dip in sales—to $3.48
billion from $3.58 billion—was reg-
istered despite record commercial
volume.

The culprit:
business.

The lag contributed in pulling
GE’s earnings down to $253.2 mil-
lion from $354.7 million.

What is GE doing to offset this
decline?

Aside from stepping up em-
phasis on its commercial products
in the U.S., the company is looking
overseas. GE will invest some $43
million in three companies formed
from the nondefense activities of
Compagnie des Machines Bull of
France. Also. GE will invest in
Olivetti & Co. of Italy.

= The Northrop Corp., which
posted sharp declines in both sales
and profit for the fiscal year ended
July 26, recognizes the industry’s
need for diversification, but also
recognizes the dangers.

Its fiscal 1964 profit fcll to $6.7
million from $9 million, while sales
skidded to $301.8 million from
$346.9 million.

Says Thomas V. Jones, president:
“As managers we are fully aware
of coming changes in the level and
composition of the defense pro-
gram. . . . But we are equally aware
of the hazards . . . of attempting to
conduct both defense and com-

lagging defense
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mercial business under the same
general roof.”

» The Raytheon Co., with 85%
of its business conducted with the
government, smarts under the de-
fense cutback. But cost cutting has
offset these declines. Although
sales in the nine months ended
Sept. 30 dropped to $323.8 million
from $364.4 million, profit soared
to $6.4 million from $5 million.

It plans to remain a major de-
fense supplier while continuing to
cut costs.

But Raytheon is hedging its bet.
It has recently acquired three com-
panies and it is “looking at dozens
more,” says a spokesman.

s The Narda Microwave Corp., a
relatively small company, registered
declines in sales and earnings in
the nine months to Sept. 30.
Narda’s nine month sales in the
quarter ended Sept. 30 fell to $634,-
251 from $704,239. Operating profit
slipped to $38,259 from $40,049.

John C. McGregor, chairman,
and William A. Bourke, president,
say they will continue to explore
acquisitions to boost sales and
profit, but because of the “general
decline in the military electronics
business, care is being taken in
such a move.”

= Litton Industries, Inc., as some
financial advisers put it, “has found
the formula.” In the year ended
July 31, net profit rose 28% to
$29.7 million and sales jumped 24%
to $686.1 million. Nearly 60% of
its business is military.

How, then, with such a heavy
dependence on military business,
has Litton shown such strong
gains? First, although Litton con-
cedes that the over-all military
budget is going to slip a bit in the
immediate future, over the long run
the amount spent for defense is
going to rise. Second, Litton hap-
pens to be in, and plans té remain
in, the areas that are and will be
on the rise. Roy L. Ash, president
of the diversified concern, lists
these areas of growth: command
and control systems to “manage”
military forces; telecommunica-
tions; inertial guidance systems;
nuclear submarines; submarine de-
tection; and also in aerospace tech-
nology.

= The Lockheed Aircraft Corp.,

a leader in the aerospace field, re-
ported a dip in earnings and sales
in the nine months to Sept. 27.
Sales totaled $1.17 billion, down
from $1.37 billion, and profit fell
to $32.2 million from $32.6 million.
Part of the decrease, explains the
company, was due to the govern-
ment’s increased use of fixed-price
rather than cost reinbursement con-
tracts. Four-fiftths of Lockheed’s
business is now under fixed-price
and incentive-type contracts in con-
trast to one-fourth in 1961. Al-
though sales and profit declined,
the ratio of sales to earnings
climbed to 2.75% in the third quar-
ter from only 2.37% a year carlier.
Lockheed says it has been able
to earn a higher profit rate by
accepting greater risks on con-
tracts.

Advanced technology

Seeing stars

One major advantage large reflect-
ing telescopes have over smaller
ones is that they are able to “sce”
and photograph fainter stars. But
since large telescopes—such as the
200-inch instrument at Mount Palo-
mar—are scarce, any way of in-
tensifying the image would be a
boon for astronomers.

Such an image intensifying tube
has been developed for telescopes.
The principle is used now for elec-
tron microscopes [Electronics, Oct.
5, p. 32]. The instrument was de-
signed in a joint effort by the Radio
Corp. of America, Mount Wilson,
Mount Palomar and Lowell Ob-
servatories, the U.S. Naval Observ-
atory and the National Bureau of
Standards.

The intensifier triples the amount
of light a telescope can record.
RCA notes that the device can’t
increase the capability of enormous
telescopes because of their optical
limits. However, Merle A. Tuve,
chairman of the joint committee
that developed the device, says:
“Now smaller telescopes could rival
the unaided capability of the
world’s largest instruments.” The
technique will be 10 times more
sensitive in practice than the best
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available photographic emulsions,
customarily used to record faint
stars.

Red and blue. Used with a tele-
scope, the three-inch diameter, five-
inch-long tube reccives the tele-
scope’s focused image on a
photocathode. The electrons that
are driven out of the photocathode
are accelerated by a magnetic field
and focused. on an intensifying
phosphor screen, where they are
multiplied and reimaged onto an
output screen. A second state of
intensification produces a still
brighter image on a screen, where
it can be viewed or photographed.

In addition to multiplying the
intensity of light in the blue region
of the spectrum—the most useful
portion to astronomers—the tubes
also have an cxtended sensitivity
in the red region.

Twenty of the 40-pound tubes
have been ordered from RCA for
delivery to various observatories.
The total price is $100,000.

Manufacturing

Sapphire-growers' harvest

While the thin-ilm experts have
been busily growing single-crystal
silicon on sapphire for field-effect
transistors [Electronics, Oct. 19,
p. 18], the sapphire experts have
not been idle. They’ve learned how
to grow the sapphire itself more
cheaply.

At least three laboratories have
grown sapphire rods from melted
aluminum oxide with the Czochral-
ski method, rather than the older
verneuil, or powder-and-flame,
process. The modern hydrothermal
approach produces high-quality,
though small, crystals. The verneuil
process generally grows crystals
with strains and inhomogeneities.

The Lincoln Laboratory of the
Massachusetts Institute of Tech-
nology and the Raytheon Co. are
using the Czochralski technique.
Although the Linde Co. division of
the Union Carbide Corp. will not
confirm it, Linde is reportedly us-
ing it to grow sapphire as well as
“superperfect” ruby rods for lasers.
Industry sources say that Linde is
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getting better sapphire than other
experimenters are producing.

A more plentiful supply of less
expensive and possibly, better qual-
ity sapphire may be in the offing.
Some researchers think that even-
tually sapphire will cost no more
than quartz.

From rod to web? Sapphire rods,
similar to semiconductor crystal
rods can be grown and substrates
could be sliced on semiconductor
machines.

There is speculation that sap-
phire might also be grown as den-
dritic web. This would provide flat
plates without slicing, polishing
and etching the gem. If a web of
silicon [Electronics, Sept. 21, p. 34]
could be grown on a web of sap-
phire, it would eliminate the depo-
sition processes required to grow
silicon crystals on sapphire.

Thomas B. Reed of MIT points
out that sapphire has a sharp melt-
ing point, unlike quartz which be-
comes plastic before it melts. Be-
cause of this, Reed explains, and
becausc sapphire is nearly dia-
mond-hard, the promise of den-
dritic sapphire is very attractive.

In the crucible. Sapphire growth
also represents an advance in high-
temperature crystal growing: from
1,600°C for calcium tungstate to
2,050° for sapphire.

At the October meeting of the
Electrochemical Society, Reed and
his colleague, R. E. Fahey, said the
size of their crystals was about 112
centimeters in diameter by 3 centi-
meters long. The crystal seed is
pulled about a half-inch per hour.

Molten Al.O; goes into an irid-
jum crucible. This is surrounded by
a heater, a tantalum cylinder split
in the middle. The crucible is
heated to between 2,100° and
2200°C. The furnace requires
about six kilowatts and uses 60-
cycle instead of radio-frequency
power.

“It’s cheaper and easier to con-
trol,” says Reed.

The current goes down one side
and back up the other of the split
cylinder. An argon atmospherc is
used to prevent oxidation of the
iridium crucible.

This kind of crucible costs about
$300. One made of molybdenum,
costing about $12, was tried but

the crystal was slightly gray, per-
haps because of interaction be-
tween crucible and melt. Reed and
Fahey plan to experiment soon with
crucibles of tantalum and tungsten.

Raytheon has grown crystals
nearly an inch in diameter with
few strains. The melt is heated in
a tungsten crucible, coupled to a
420-kc, 20-kw generator. Pulling
rate is % to 1% inches an hour.

Solid state

Designing filters

Designing thin-film, band-rejection
filters is a complex operation re-
quiring the use of a computer. Now
the Boeing Co.’s molecular elec-
tronics group has developed a tech-
nique to design such a filter using
simple analytic expressions.

They use the partitioned-capaci-
tance technique, which was dec-
veloped two years ago by Kenneth
\V. Heizer of Southern Methodist
University, to realize the desired
filter characteristics of active resist-
ance-capacitance networks. These
are significantly lighter and smaller
than the conventional resistance-
inductance-capacitance  networks
that are generally used and can be
mounted on printcd-circuit boards
with discrete resistors and capac-
itors.

Exit irrationality. Until recently,
it was impractical to use tapered
r-c networks to form r-c active net-
works because they have irrational
admittance functions (hyperbolic
functions of a complex variable).
As a result, they could not be in-
corporated into active r-c networks
because of the great difficulty in
calculating phase and amplitude
characteristics. Heizer’s distributed
network results in rational admit-
tance functions that permit the
realization of networks from simple
analytic functions of such charac-
teristics as capacitance and resis-
tance. From the resistivity and di-
electric constants of the material
used, one can determine the net-
work dimensions that give the
necessary capacitance and resist-
ance.

Dielectric sandwich. A parti-
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When highways need a shining light

©GENENAL pRAFTING GO.. TN

Airco argon helps mercury vapor glow

One of the more “'visible” uses for argon gas is helping
to create the bright glow in the mercury-vapor lamps
illuminating many of our highways. It also “shines” in
the role of current carrier for fluorescent luminous
tubes and filling agent for incandescent lamps.

The electronics industry also employs argon gas to
create a protective atmosphere for growing germanium
and silicon crystals used in transistors. In addition,
argon serves as a shielding gas during arc-welding
of electronic components. For these and many addi-
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tional uses, Airco supplies argon of extremely high
purity. Airco argon is available in cylinders, bulk sys-
tems, and by liquid delivery.

If your product or process requires the use of gase-
ous or liquid argon, Airco can serve you with depend-
able supplies and expert technical assistance. You can
also rely on Airco for oxygen, nitrogen, hydrogen and
helium, in both gaseous and liquid forms. For more
details, write to: Air Reduction Sales Company, 150
East 42nd Street, New York, N.Y. 10017.

AIR REDUCTION
="p

Circle 29 on reader service card
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tioned-capacitance network con-
sists of a dielectric layer between
a resistive layer and a highly con-
ductive layer. The conductive layer
is cut along a curve calculated to
give certain network character-
istics. Since this process is two
dimensional, shaping the network
is relatively simple.

Boeing’s engineers built an r-c
active band-rejection filter that
consists of two distributed net-
works, a fixed resistor, a fixed
capacitor and a negative-impe-
dance converter. The company says
that synthesizing the same net-
work with discrete r-c components
would have required four capaci-
tors and five resistors, in addition
to the negative-impedance con-
verter.

The filter was designed to have
a center frequency of 30 kilocycles,
with a rejection band about 30-
kilocycles wide at the —3 decibel
level. However, the measured
center frequency was 29 kilocycles
and the maximum attenuation was
28 decibels, close enough for a first
attempt, according to the Boeing
engineers.

Researchers from several other
companies are working on similar
hybrid-type networks. Still others,
along with those at Boeing, hope to
eliminate all the discrete com-
ponents.

Space electronics

Weather in 3-D

Wanted: A super cooler so satellites
can see the weather in 3-D.

The National Aeronautics and
Space Administration is seeking to
replace the television cameras on
its Nimbus satellites with infrared
cloud detectors, which provide a
three-dimensional “image.”

To detect clouds both in daylight
and at night, infrared detectors
must operate in the clear portion
of the 8- to 13-micron region of the
optical spectrum, from 10 to 12
microns. The detectors are avail-
able—doped germanium photo-
conductive detectors are best
suited for the 8- to 13-micron band.
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But the detectors must be cooled to
50° K. and the coolers don’t exist.

NASA needs coolers that must be
able to operate for a year or more.
They must consume less than five
watts of power, weigh less than 50
pounds and be able to withstand
the environment in space. This
rules out liquid-cycling systems.

Cool and compatible. The infra-
red sensors would be compatible
with all existing ground systems for
television reception, including those
for the automatic picture trans-
mission system and the advanced
vidicon camera system.

So far, NASA has only been able
to cool infrared detectors down to
200° K.—by radiation cooling on
Nimbus [—but those detectors were
restricted to the 3.4- to 4.2-micron
band. Engineers at the agency’s
Goddard Space Flight Center plan
to experiment with solid argon and
hydrogen to cool detectors of lead
selenide and indium antimonide to
about 77° K, although these detec-
tors are limited to 7 microns.

Instrumentation

Lightning watch

Scientists at Cape Kennedy are
using an electronic sky scanner to
alert them that a thunderstorm may
be brewing. The aim is to protect
both space vehicles and themselves
from lightning,

Bolts of lightning can cause
havoc in areas of scnsitive clec-
tronic missile equipment and ex-
plosive fuels. And thunderstorms
are common at the Cape.

Weathermen at the missile area
are experimenting with a set of
atmospheric interference detectors
(sferics) to monitor sudden build-
ups of electromagnetism. Such
buildups signal the possible birth
of a thunderstorm.

The detection system, called
Sparsa—for sferic pulse amplitude
rate spectrum—was developed by
D. A. Kohl of Litton Industries,
Inc’s Applied Sciences division
[Electronics, May 18, p. 27].

The instrument monitors the area
within 200 miles of the missile
center,

Batten down the hatches. A tip
that a storm is brewing alerts the
missile men to batten down the
hatches and tuck a poised missile
inside a hanger if there is time.

The instrument comprises three
stations. The main one is at Patrick
Air Force Base, some 15 miles
south of the Cape. Another is at
Bithlo, 25 miles to the west, and
the third is at Ponce de Leon Inlet,
about 45 miles up the coast.

Each station has four antennas
mounted on a single turntable.
With a bit of calculation, messages
from the three stations can pinpoint
an electromagnetic buildup and its
path can be traced.

The outputs of the four antennas
and their receivers are measured by
an automatic control circuit. If
there are no sferics signals present,
the turntable remains stationary. If
sferics signals are detected above
a preset level, the control circuit
causes the turntable to scan in steps
of 5.625 degrees per step. The turn-
table holds for 10 seconds after
each step, and then rapidly recycles
back to the initial position upon
completion of the eighth hold posi-
tion.

Scanning continues as long as the
omnidirectional sferics output ex-
ceeds the threshold.

Data remotely monitored. Data
from the two remote sites is fed
over phone lines to the main station
at Patrick. All the data is then fed
to a processor along with the read-
out from a weather radar, which is
used to provide direction, range
and hcight data on clouds.

At the main station, the output
from each Sparsa station is dis-
played on cathode-ray tubes that
are monitored by vidicon cameras.
The vidicon signals are mixed and
shown on a 2l-inch television
screen with a map overlay of the
area.

Only a warning. Weathermen are
hopeful of getting up to two hours’
warning of impending electrical
storms—plenty of time to remove
workmen from missile gantries, dis-
connect umbilicals and secure all
ground-support equipment.

But the two-hour warning isn’t
good enough. It takes three and a
half hours to move a Saturn V
moon rocket back to a vertical as-

Electronics | November 16, 1964



Regulate down to zero power factor
with Sorensen’s new silicon controlled
rectifier ACR Voltage Regulators

votr Ap)

Ideal for motor starting, lamp loads, tube filaments, x-ray applications, etc., 7 STABILITY (.05%/8 hours—after a 30-minute warm-up)
ACR Series regulators are designed to control the RMS voltage to a variety of
loads requiring precision regulation, fast response time, and low distortion. 8 UP TD 95% EFFICIENCY

1 5 MODELS AVAILABLE (500, 1000, 2000, 3000, 5000VA) 9 REGULATION ==0.1% RMS
2 LOW PRICES (starting at $290)

3 SMALL SIZE AND WEIGHT (about half the volume of competitive regulators)
4 FULL INPUT VOLTAGE RANGE 95-130 VAC; DUTPUT RANGE 110-120 VAC

5 FAST RESPONSE to line or load changes (30ms) 12 CONVECTION CODLED

6 LOW DISTORTION (3% max.) 13 EASY MAINTENANCE (removable “'plug-in’’ printed circuit)

10 PROGRAMMABLE
11 REMOTE SENSING

For complete data on the ACR Series and other Sorensen products, send for the new, 140-page hook, "Controlled Power
Catalog and Handbook.” Write to Sorensen, Richards Avenue, South Norwalk, Conn., or use Reader Service Card Number 200.

ACR ELECTRICAL AND MECHANICAL SPECIFICATIONS: ——

OUTPUT REGULATION TYPICAL TEMPERATURE DIMENSIONS (INCHES)

MODEL VA ACCURACY EFFICIENCY POWER  AMBIENT  COEFFICIENT RACK

NUMBER RANGE LINE LOAD  (FULLVA)  FACTOR (c) (°c) WIDTH  HEIGHT  DEPTH  HEIGHT  PRICE**
ACR500  0-500 *0.19% =0.1% 88% 75% 0-50 .015% 15 5 9 51,  $290
ACR1000 0-1000 *0.1% =0.1%  90% 75% 0-50 .015%, 19 51 11 514 340
ACR2000 0-2000 *0.1% =0.1%  92% 75% 0-50 .015%, 19 51/ 15 51/, 435
ACR3000 0-3000 =0.1% =0.1%  95% 75%, 0-50 .015% 19 7 15 7 555
ACR5000 05000 =*0.1% =0.1%  95% 75% 0-50 .015%, 19 7 20 7 715

*A 19 inch adapter (rack) panel is available.
<“QOptional Meter $22.

A UNIT OF RAYTHEON COMPANY
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sembly building from a launching
pad, so development of the warn-
ing system is continuing.

Man or mouse?

No heavy-footed gopher is going to
set off the intruder-detection sys-
tem being installed at 100 Atlas and
Titan missile launch sites across
the United States. An electronic
detective that can distinguish be-
tween man and beast will soon re-
place more than 1,300 airmen on
sentry duty.

The Area Security Surveillance
System uses doppler radar tech-
niques. It will report the presence
of nonhuman intruders to under-
ground command posts and alert
security forces. Each system con-
sists of a transmitter, receiver and
an annunciator with audible and
visual alarm. The number of trans-
mitters and receivers depends on
the site. The single annunciator in
the command post sounds an alarm
and lights up on a display panel
the sector that has been inveded.

A typical installation at an Atlas
F site includes three transmitters
and receivers and one annunciator.
The doppler radar works in the
S-band, between 1,700 and 1,800
megacycles, and uses a specially de-
veloped microwave tube with a
machined cavity for precise fre-
quency response.

Over the threshold. The transmit-
ters blanket a sensitive sector with
an electromagnetic field and, under
normal conditions, the receivers get
a constant signal. The entry of bird,
beast or object into the field causes
shifts in frequency and intensity as
the signal bounces off the intruder.
The differences in frequency and
intensity between direct and re-
flected waves are detected and
measured. If they exceed certain
thresholds built into the receiver-
processor, an alarm is triggered.

Thresholds are tuned to certain
“signatures” of a human being—
such as height, target density,
movement into the sensitive area
at a rate equal to or greater than
one 15-inch step per second. The
intruder would betray a human sig-
nature if he attempted to “do useful
work” like tampering with the
launch silo cover. Tests of the sys-

32

tem give a mean-time-between-
failure rating of 6,000 hours.

If the system is jammed, or if
certain crucial components fail, the
alarm goes off. Redundancy is built
into some parts. If a noncritical
component fails, the svstem
switches over to the standby com-
ponent. But the system cannot be
reset until the defective component
is replaced.

Air Force installations. Under a
program that has reached the
$15-million level to date, the Air
Force is installing the security sys-
tem at all Atlas F and Titan II
locations. The first installation, at
the Strategic Air Command Base,
Plattsburgh, N.Y,, is in limited op-
eration. Sylvania Electronic Sys-
tems division, a subsidiary of the
Gencral Telephone & Electronics
Corp., is scheduled to deliver the
last of the equipment by next
month. Installations are expected
to be completed in mid-1965. The
program, tagged the 410-L, is man-
aged by Major Hubbard L. Wood,
Jr., at the Air Force Electronic
Systems division, Hanscom Field,
Mass.

Under a separate program, Syl-
vania has received $32 million to
date for development of electronic
security systems for Minuteman
launch sites.

Medical electronics

Phosphor-video diagnosis

Researchers at the General Electric
Corp.’s x-ray division in Milwaukee
have used a characteristic of phos-
phor to develop a potential diag-
nostic aid for women suffering from
breast cancer. They believe it may
replace infrared technology in
thermographic identification of pos-
sible cancer sites.

The diagnostic method, used on
patients in Montreal last month, ex-
ploits the tendency of phosphors to
light up with temperature changes.
Dr. R.N. Lawson of the Royal Vic-
toria Hospital, who conducted the
tests, and L.L. Alt, the GE scientist
who searched out the application,
reported their findings to a Wash-
ington meeting on unconventional
photographic systems sponsored by

the Society of Photographic Sci-
entists and Engineers.

Lawson, a pioneer in thermal
identification of cancer sites, calls
the phosphor-video system the best
diagnostic tool of the eight to ten
thermographic systems he’s tried
in the last decade.

Heat picture. Films of zinc cad-
mium sulfite phosphors, Alt ex-
plains, sprayed on the skin of the
patient (or element) and exposed
to a constant excitation by long-
wave ultraviolet radiation, emit
light as an inverse function of the
temperature of the body. The light
output, picked up by 875-line video
scanners, produces clear, sharp
heat “pictures” of the body being
scanned.

Light output under ultraviolet
excitation, Alt reports, can jump
by as much as 15% to 20% for each
degree centigrade. Dark, sharply
defined sites on the screen repre-
sent what Dr. Lawson has come
to know as “hot spots” identified
with cancer sites.

Scanners can pick up fractions of
a degree change. Further instru-
mentation, densitometers for in-
stance, can enhance the sensitivity
of the system.

Scanner. Though improved phos-
phors may extend even further the
ability of an examiner to take op-
tical readings of light output
change without instrumentation,
Alt believes the scanner will remain
an integral part of the thermo-
graphic system. This is because the
scanner can intensify both amplifi-
cation and contrast, if necessary. It
can also be adjusted to eliminate
undesirable background radiation.

In a related development, Dr.
Ernest H. Wood, radiologist at the
University of North Carolina, last
month, reported that temperature
gradients across the skull may in-
dicate the approach of a stroke. A
coolness on one side of the head
is regarded as a sign of a decreased
blood supply and is a danger sig-
nal.

Wood’s findings, made by con-
ventional thermography, might be
implemented by the phosphor-
video technology, which is capable
of seeing temperature drops that re-
flect possible blockages in discrete
blood vessels near the surface.
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T
Eldoradao’s
NEW
O to 6 Gc
Model 950
Direct
Frequency
Counter

*NO HETERODYNE, NO TRANSFER OSCILLATOR!

Now, measure O to 6.4 gigacycles without the use of
heterodyning, transfer oscillators, prescaling, or time
consuming calculations. The new Eldorado Model 950
provides a direct Nixie® readout in these frequencies
direct from the unknown source with no adjustments.
Operator error and fatigue are virtually eliminated.

® BURROUGHS CORPORATION

Accuracy of the seven digit Model 950 is 1 part 107,
with one part 10° optional. Accuracy of nine digit
Model 951 is 3 parts 10°. Input sensitivity of both in-
struments is 50 millivolts rms (typical) with input
impedance of 50 ohms. Both units may be used with
Model 980 Frequency Extender to measure frequen-
cies to 18.4 gigacycles.

For additional information,
write, wire or phone today!

ELDORADO ELECTRONICS

601 CHALOMAR ROAD - CONCORD, CALIFORNIA, U.S. A,
Telephone (415) 686-4200
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SOMETIMES WE SAY -

We don’t make impossible promises at Milo. It's true
that most orders are shipped the same day they're
received. Our broad-line inventory and snap-action
procedures enable us to fill a wide variety of requests
from stock.

But occasionally we have to say “Sorry—we can't ship
today.” We'll level with you, and then go to work to
get your order delivered as fast as humanly possible.
We won't tell you one day if it really takes two. And,
most important—we’ll keep you posted on our prog-
ress. We even have a fully-staffed Customer Service
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Department of nine people devoted exclusively to
follow-up, expediting, and special traffic control for
open orders! (Only Milo has C.S.D.)

We've been in this business of industrial electronics
distribution for two decades, working to make friends
and steady customers. So we're not about to damage
our hard-earned reputation with an impossible promise
given under the pressure of “getting the order.” This
is only one of the many reasons you can count on Milo
—because Milo really_cares about your needs, and
takes extra care to meet them.

ILO ELECTRONICS corr.

530 CANAL STRZET. NEW YORK, N.Y. 10013 ¢ TEL 212-BE 3-2980 » TWX 212-571-0195
BRANCH WAREHOUSES AND SALES OFFICES IN PRINCIPAL INDUSTRIAL AREAS
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It takes
only small change

to buy new Stangard trimmer capacitors

Put the squeeze on trimmer capacitor costs! Specify new Stangérd capaci- NOTE THESE STANGARD ADVANTAGES:
tors for such non-military instrument and commercial applications as . Extremely low cost without sacrifice of

bridges, frequency standards, calibrators, spectrum analyzers, signal quality.
generators . . . even radio, TV and FM applications. Stable Stangard trim- » Smooth adjusting torque.
mers eliminate additional hardware and fixed ceramic temperature com- « Vinyl encapsulation provides additional

pensating capacitors and simplify circuit design when used to replace mechanical protection under shock and vibra-
threaded tubular ceramic trimmers. Stangards have a greater sensitivity tion stress.

than comparable units in this low cost price range. ® You can choose « Inherent structural strength.

from a wide range line, too. Stangard trimmers with glass dielectrics are . No.derating over —55 to +-125° C operat-

available in panel mounting and in printed circuit units in four capacitance ing temperature range.
ranges. Panel mount and printed circuit units are also available with . Special dielectrics provide outstanding
ceramic dielectrics for greater capacitance. high Q’s.

WRITE FOR BULLETIN STD 64

Stangard units shown actual size

Components Division
JFD ELECTRONICS CORPORATION, 15th Ave; at 62nd St.. Brooklyn. N. v. 11219
NORTHEASTERN, Rutl rive, P. O. Box . Marlboro, Mass. 0715
DISTRIBUTED BY JFD NEW YORK-NORTHERN, Damiano Pi., P. O. Box 96, New Hartford, N. Y. 13503
JFD MID-ATLANTIC, 313 E. Broad St., Palmyra, N. J. 08065

JFD MID-ATLANTIC-MARYLAND, P. O. Box 7676, Baitimore, Maryland 21207
JFD MIDWESTERN, 6330 W. Hermione St., Chicago. Illinois 60646
JFD MIDWESTERN-OHIO, P. O. Box 8086, Cincinnati, Ohio 45208

JFD WESTERN, 9 Morlan Place, Arcadia, Catlifornia 91006
JFD CANADA LTD., 51 McCormack Street, Toronto, Ontario, Canada

JFD ISRAEL LTD,, industrial Area B, Bldg. 23, Azur, israel
DUCON CONDENSER PTY.. LTD., Christina Road, Villawood, N.S.W., Australia
LCC STEAFiX, 128 Rue de Paris, Boite Postale 51, Montreuil-sous-Bois, Seine. France

MURATA MANUFACTURING CO., LTD., Nagaoka Otokuni, Kyoto, Japan
STANDARD TELEPHONE & CABLES LTD., Footscray, Sidcup, Kent, England

Variable Trimmer Piston Capacitors ® Mgtalized Inductors @ LC Tuners m Ceramic Fixed and Variaﬁle Capacitors m Fixed and Variable Distributed and Lumped Constant Delay Lines

JFD-108



INTERNATIONAL RECTIFIER
1t0 100,000 AMPERES...1t0 1,000,000 VOLTS

e —Sinci
xOm h—'{
IE(-JSTBM APPLICATION FoRM

Designers’ checklists for
specifying rectifier and SCR
assemblies available from
International Rectifier on request.

Self-contained silicon rectifier
stacks with cooling fins,

basic units, 50 amps, up to 900
volts PRV per stack.

| SO . ~ _

WHAT'S THE POWER END POINT? At IR there is none. be applied to your needs. Do you have a challenging
SCR and rectifier assemblies with ratings of one hun- application?

dred thousand amperes or one million volts are merely For assistance, contact your local International Recti-
indicative of the unparalleled breadth and depth of the fier sales office or 233 Kansas Street, El Segundo,
engineering and manufacturing capabilities that can California.

WORLD'S LARGEST RECTIFIER SPECIALISTS

== INTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORP., EL.SEGUNDO, CALIF., PHONE OR 8-6281 *» CABLE RECTUSA * REGIONAL OFFICES IN NEW YORK CITY, CH 4.0748 « FORT LEE, N. J,,
W1 7-3311 » SYRACUSE, N. Y. HE 7.8495 « CAMBRIDGE, MASS., UN 4.6520 « ARDMORE, PA., Ml 9.3667, GR 3-3932 « SILVER SPRING, MD.. JU 9-3305 » MIAMI, FLA,, 445.5201
* CHICAGO, ILL., OR 6-4090 » CLEVELAND, OHIO, 734-4100 « DAYTON, OHI0, 2237691 * HUNTINGTON WOODS, MICH., LI 8-1144 « ST, LOUIS, MO., TE 8-6333 « MINNEAPOLIS,
MINN., 920-1200 * DALLAS, TEX., LA 1-0110 « LOS ANGELES, CALIF., 750-0550 « IN CANADA: TORONTO, ONT., PL 9.7581 » MONTREAL, QUE., 861.0562

EUROPEAN GENERAL SALES OFFICE: 38 AVENUE DES ARTS, BRUSSELS 4, BELGIUM « TELEPHONE: 111774
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Old problems
for new Congress

McNamara critics
survive landslide

Changes due
at the Pentagon

Avionics order
nears for Teledyne

Washington Newsletter

November 16, 1964

Despite the Johnson Administration’s landslide victory at the polls, criti-
cal defense problems remain and a thorough policy review is in progress.
Come January, the clamor for change will be amplified by critics among
both parties in Congress—whose strength was not diminished by Demo-
cratic gains.

On major military committees of Congress, both Democrats and
Republicans are worried about Communist China’s atomic bomb and
the Soviet Union’s change in leadership. Partisanship will recede now
that the election is over, but the old issues remain—over-reliance on
missiles, missile reliability, need for new strategic systems and better
antiguerrilla methods. These will be tackled seriously by both parties.

Voters returned some of Defense Secretary Robert S. McNamara’s most
persistent critics to Congress. Republicans Bob Wilson and Charles S.
Gubser of California retain their seats on the IHouse Armed Services
Committee. Reps. Gerald R. Ford (R., Mich.) and Melvin R. Laird
(R., Wis.) return to the Military Appropriations subcommittee, where
congressmen have their greatest impact on the military budget. Ford
and Laird, both bright and aggressive, will be shaping policy on defense
issues for the national Republican party.

Barry Goldwater will be gone from the Senate and from its Armed
Services Committee. But his departure opens a Republican seat for
another McNamara foe, Sen. J. Strom Thurmond (R., S.C.), Thurmond
lost his own Armed Services seat by quitting the Democratic party. But
Republican leaders are expected to let him fill Goldwater’s niche.

At the Pentagon, only one major civilian change is expected. But there
will be several among the brass.

Assistant Secretary Thomas Morris will be leaving. He was the archi-
tect of such sweeping procurement reforms as the centralization of buy-
ing in the powerful Defense Supply Agency. His job is specialized and
sensitive, and the appointment won’t be political. One possibility: Paul
R. Ignatius, undersecretary of the Army for installations and logistics.
He’s a former professor at the Harvard Graduate School of Business
Administration.

Upcoming changes in the military include Gen. Curtis LeMay, whose
term as Air Force chief of staff expires in January; Gen. Thomas S. Power,
head of Strategic Air Command, who retires next month; and Gen. John
K. Gerhart, commander of the North American Air Defense Command,
who retires early next year.

The Teledyne Systems Corp., a subsidiary of Teledyne, Inc., should wrap
up a development contract within a month for the Navy’s integrated
helicopter avionics system. The Navy is in the final stages of negotiating
the concept, design approach, management plans, schedule and cost.
Teledyne appears to have beaten two other competitors: the Notronics
division of the Northrup Corp. and Texas Instruments, Inc. At first the
Pentagon doubted that Teledyne could meet its performance claims,
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Humphrey to give
computers a plug

Army improving

shopping habits

Fm-stereo
on the beam

Addenda

38

Wasliington Newsletter

and demanded a penalty clause. But Teledyne came up with a guarantee
that satisfied the government, and it looks like it will get a development
agreement worth about $25 million.

The development can lead to some big orders for Teledyne. The Penta-
gon’s Office of Defense Research and Engineering is trying to coordinate
the Navy’s needs with those of the Army and Marine Corps, which also
have an interest in the system. The system will feed into a central com-
puter data on communications, navigation, terrain-following radar, sta-
tion-keeping and friend-or-foe identification. The pilot and copilot will
operate it through a control console with audio and visual equipment.

When Hubert H. Humphrey moves into the vice presidency, he will give
a big lift to one of his pet projects: automated data handling for science
and technology.

His interest already has sparked the use of computers in the National
Library of Medicine and computer-sharing among government agencies.
Humphrey will be an important conduit into the Administration for new
ideas in science, technology and planning for defense cutbacks. He
becomes chairman of the National Aeronautics Space Council in January.

The Army is trying to meet persistent criticism that it does too much
buying on a sole-source basis. The latest blast came from the General
Accounting Office, which has been prompted by the House Defense
Appropriations Subcommittee to investigate military buying of electronics
equipment. The Army, says the GAO, wasted $2.2 million in a sole-source
procurement of 502 radar sets from the Sperry Gyroscope Co., a subsidi- -
ary of the Speiry Rand Corp. The purchase of portable surveillance radar,
it is charged, was made despite knowledge that the sets were too cum-
bersome and inaccurate. Resulting modifications ate up 15 months’ pro-
duction time. Later Aeronca Mfg. Co. won a contract by undercutting
the price paid Sperry Gyroscope by 55%. The Army is passing the GAO
criticism along to all its procurement commands.

And it has set up tighter controls to assure that equipment deficiencies
disclosed in engineering and service tests are reported to procurement
officials.

The Collins Radio Co. and McMartin Industries, Inc., will have the inside
track to supply equipment when the Federal Communications Commis-
sion works out a rule to require fm-stereo broadcasting stations to monitor
their own signals. Monaural stations are already required to monitor, and
FCC engineers believe that Collins and McMartin equipment will do the
job for the full range of stereo signals.

New NASA quality standards for hand-soldering electronic connections
are being received by contractors and field centers. They go into effect
Dec. 26. . . . The election delayed the Pentagon briefings for the defense
industry on the long-range outlook for government spending. Mark these
new briefing dates on your calendar: Los Angeles, March 3-4; New York,
March 16-17; Chicago, March 31-April 1; Dallas, April 14-15; Washing-
ton, April 28-29.
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JET FREIGHTERS WON'T TAKE OR CAN'T HANDLE

You'll find passenger airlines which also carry
cargo aren't very accommodating when you have
a large single piece of freight. On all-cargo jets,
for example, most draw the line at anything over
7 ft. wide, 10 ft. long, or 6 ft. 8 in. high. But
not Flying Tigers. It's everyday routine for our
Swingtail-44s to get that really big shipment
of yours aboard, which side-loading jet cargo

te aitright speciist FELYIM G TIGIER LINE )
“

Electronics | November 16, 1964

freighters won't or can’t physically handle.
Next time you have an airfreight shipment,
out-size or any size, trust it to the airline that will
carry all your freight. The one that will get it to
over 2,500 U.S. markets, thanks to “Skyroad,”
Tigers' combined air/rail/trucks system. Or to
anywhere in the world by charter. Flying Tiger
...the world's largest scheduled all-cargo airline,

o
4
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New General Electric components
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New G-E compactrons and miniature tubes provide
added design flexibility for color TV sets

General Electric’s new compactron and miniature tubes now offer
expanded design capability for color television receivers, and other
electronic applications. Four new types with added functions are
available, specifically designed to meet demanding color TV needs:

6JS6A—Pentode Compactron

With improved anti-snivet control, this horizontal output amplifier
can eliminate special circuitry and voltage needs. Its space-saving,
low-cost design offers more usable output, expanded application
possibilities in all-channel color television receivers.

6BH11—Twin-triode Pentode Compactron

This new general-purpose, twin-triode pentode combination gives you
the same quality and reliability as the popular miniature type 6GH8A
tube. Its pentode and triode characteristics are identical to the 6GHS8A.

6HB6—Low-cost High-gain Pentode Miniature

Low-cost video amplifier, with special grid construction, matches the
performance of its type 6KR8 companion. This general-purpose
miniature with test-proved, high-gain performance is ideally suited
for economical color circuitry.

6KR8—High-gain Pentode Triode

This tube will deliver 27,000 umho in practical video circuitry. It fea-
tures a high-quality, 3-strap frame grid, and general-purpose high-
gain triode. Its rugged construction and high performance make it
particularly suitable for color TV.

General Electric compactrons and miniature tubes lower design and
manufacturing costs, increase reliability and performance. Compare
for yourself the many advantages they offer. Your G-E Sales Engineer
has the details and can provide application or prototype assistance.

40 Circle 40 on reader service card

New G-E 7911 ceramic tube
Size and weight reduced,
Performance increased

General Electric’s new 7911 minia-
ture planar ceramic microwave tri-
ode offers advantages in size, weight
and performance over previous
types. Weight is slashed at least
75%, height reduced to only %".
You get up to 3 times greater tube
gain-bandwidth product and trans-
conductance /ma. It is ideally suited
for beacons and radar altimeters,
and new broadband concepts for
DME-TACAN-IFF equipment.

A comparison of the 7911 with
two other popular types is shown
below. For specific application in-
formation, contact your G-E sales
representative, or write to TIPS
for more information.

New | Standard lighthouse
Character- | miniature | planar types
istic ceramic [———
7911 6442 7815
T 27,000 | 16500 | 25000
[ ‘f”ﬂ"_s umhos umhos__
Go/ma | 1080 | 470 | 360
Tube gain-| 2,900 mc | 1,150 mc | 2,000 mc
bandwidth — l )
W | 33W ,_5_7w 63w
Cath. area| 034 cm® | 0.32cm® | 050 cm?
Length T8 in. ; 2% in. | 2% in.
Max. diam.| 3 in. L ‘/5 in. | 1% in. |
' Fo 76,0004+ | 5000 | 3,000
: mes. | mcs. | mcs. |
! Gc@ 33% 25% 10%
cuig |Gt | Grunted | Groud
Cox | 50pf | 50pf | 63pf
 Coo 1.5 pf 23pf | 20 pf
Coo | 0.05pf | 0.045 pt | 0.035 pf
T, | 250C 175 C 250 C
Solderable. Yes | No | No
~ Weight Yaoz. | 1oz _' 2% oz.
W, 65 W 75W 10w
W/e | 97TW | 178W | 126W
Eoo. | 30K | 30Ky | 35Ky
I 8.2 a/cm 108 a/cm. 6.6 a/cm
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expand design opportunities

6.E. expands reed-switch I
line: Adds high-voltage

and miniature types for ‘
design flexibility |

When your application require-
ments call for higher voltages, check
the rating of General Electric’s new
type 2VR15 reed switch.

At 5,000 volts (rms), this vacuum
reed switch opens new design pos-
sibilities. It requires only
113 (=20) ampere-turns
for operate, 55 (=10) /
ampere-turns release. /
Maximum carrying
current is 3 amps,
contact rating is 15
volt-amps, and
contact resist-
ance is 0.05
ohms.

ACTUAL SIZE

2VRI15
/ Y1292

1DRO4

{

When it is small size you need, new |
G-E miniature reed switches,
measuring only 2 inches over-all
(glass capsule 0.78 in.), offer field-
proved reliability and performance. |

The type 1DR04, with diffused
gold contacts, is ideally suited for
either inductive or resistive loads. I
Full load (160 ma, 25V d-c) life is
estimated to 25 million operations.

Type Y1292 miniature switches,
with rhodium-plate contacts, have
higher dissipation and current rat-
ings. In life tests by one major
manufacturer at 60 milliamps, 15
vde, no failures occurred after 1.75
billion operations.

Compare for yourself the ad-
vantages and operating character-
istics of General Electric vacuum
reed switches. Some 20 different
types are available in a variety of
sizes, ratings, sensitivity and speeds,
Ask your G-E sales representative
for prototype samples, or write to
TIPS for full details.

Circle 203 on reader service card

New cadmium-selenide
photoconductive cells

You can now get increased photo-
cell performance and longer life
with General Electric’s new cadmi-
um-selenide hermetically sealed or
plastic-encapsulated photoconduc-
tive cells.

Available hermetically sealed in
Yo" or %" diameters, with encapsu-
lated equivalents, these new cadmi-
um-sclenide photocells are ideally
suited for applications requiring
fast response time and high sensi-
tivity. They react to longer light
wave lengths, matching incandes-
cent and some other infrared light
sources— even a small change in
light level produces high resistance
change. See table for specification
details of present designs.

Response Time
Approx. 1000 to 1 resistance change in 10 millisec.
with 25 fc applied in darkness
Photocell Description
7% ” 7%
V2" . %
hermetic plla},s)!‘;c hermetic c'i‘,':!sg:g
Type Y1206 | (4%, [Type Y1332 |
Operating Voltage
250 250 30 30
volts volts volts volts
Sensmvny
dark- | dark-| dark- | dark. A
_ness | 21 ness'_Zf_l ness ‘Zf 1 ness |21e
215 5 | ‘
meg- meg- meg meg
ohms [1500| GpeEs 10000| ohees 1000‘ ohms (1000
or ¥ or or
more more‘ more more |
Dissipation
250 r!r;m’i. —
watts - .
T | 200 ml||| 75 milli- 50 milii-
wi%(t)s"v,vlilt'g | watts watts watts
heat sink) |

See your G-E sales representative,
or write to TIPS for more informa-
tion. Samples for prototype work
are available immediately.
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G-E vidicon tube offers
high performance
and light weight

b General Electric’s
new type Z-7845
vidicon tube com-
bines the high reso-
lution performance
of all-magnetic vid-
icons with com-
pact size and light
weight.

4" Operating on a
| new electron-opti-
cal principle, Focus
: Projection and

i Scanning (FPS),
l this new vidicon

provides a resolu-

tion of 800 TV lines
, with750-volts beam

1 acceleration.
The new Z-7845
[ is especially de-
'._| — signed for applica-
tions where space
and weight are critical, such as,
TV missile guidance, star trackers
and battlefield surveillance equip-
ment.

General Specifications (Approx.)

Length (exclu. pins) . .4 in.
Diameter
Body......... ... .1lin.
Target ring. .. .. ... .1% in.
Weight
Tube.. ... .. ... . . .80 grams
Magnet . ..120 grams
Heater power .. .. .. .3 to 5 watts
Spectral response. ... . .S-18
Focusing method . .magnetic
Deflection method. . . .  electrostatic

Usable target dia.. .. . .0.84 in. max.

Progress s Our Most [mportant Product

GENERAL @D ELECTRIC

For more information, write G-E
Tube Dept., Technical Information
and Product Service (TIPS), Room
B27002, Owensboro, Kentucky. Please

specify product(s).
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solld
We sell solid performanee

More and more exceptional solid-state devices are on the way from
Sanders — pioneers in TRI-PLATE® strip transmission line. All are unique
designs, created by New Direction thinking to meet the engineer’s fast-

changing needs in UHF and microwave technology.

Here are justafew...

and +60°C.

Solid-State Oscillators

Low cost— low input power — all-new line of solid-state UHF oscillators require
minimum power of only 16 volts nominal. Input-output power ratio is highly efficient.
Between 100 and 250 milliwatts output — depending on choice of eight models already
available over broad frequency ranges between 50 and 600 MC. All these economical
new oscillator models deliver consistent specified performance between —30°C

Newest switch models — each covering broadband
segments from DC to 8 GC — achieve extremely fast
switching, high isolation, low insertion loss, minimum
dribble voltage. Typically, Model DS 508 (shown) has a
rise time of less than 50 nanosec, operates from 1.0
to 4.0 GC with 30 db minimum isolation, 1.5 db typical
insertion loss, VSWR of 2.1:1 maximum!

108 Somg I-GII

and Drivers  gaeme

A Sanders exclusive: mating switch drivers are specif-
ically designed to maintain finely balanced control
voltages for uniform ultra-high-speed switching. Model
DC 502 Driver — as shown — is offered in four different
versions for single or dual trigger inputs with 5 MC
or 1 MC repetition rates.

These exceptional operating characteristics are con-
stant in all Sanders solid-state devices — the result of
long experience and imaginative leadership in strip
transmission line and solid-state techniques. For com-

- "= - — — =

Sanders Associates, Inc. C

plete data— or assistance in engineering Sanders solid
performance into your products — write Sanders Asso-
ciates, Inc., Microwave Products Dept., 98 Canal St.,
Nashua, New Hampshire.

. — 11 W SN T

CREATING NEW DIRECTIONS IN ELECTRONICS s

@Reg. T.M. Extensive Patent Coverage, Sanders Associates, Inc. *T.M., Sanders Associates, Inc.
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from this new Westinghouse tactical radar system

Westinghouse has designed a tactical ra
dar system so light it rides into combat in
a single helicopter load, so simple it sets
upin 30 minutesorless. Yetthis lightweight
unit has all of the sensing, coverage, range,
height accuracy and performance of pres-
ent systems weighing many times more.

Design of this new breed of radar draws

You can be sure if it's Westinghouse

Weight is the only thing missing...

R f’ » ‘b "/ .

on Westinghouse experience in develop-
ing the “irst successful, fully transportable,
long range tactical radar and the first suc-
cessful 3-D tactical radar.

Pioneering in micro-miniaturization (thin
film and molecular circuitry), Westing-
house radar experts have applied these
advanced techniques to loday's proven

U
1\ .

systems, as well as to future designs.

The result: a dramatic improvement, not
only in size and weight reduction, but in
overall performance and rehability.

For further information on what's really
new in tactical radar and communications,
write Westinghouse Electric Corporation,
Box 868, Pittsburgh, Pennsylvania 15222,

J 02364
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= |U-6) parabola antenna

MITSUBISHI
MICROWAVE
ANTENNAS
FOR
'TELECOMMUNICATIONS

Japan today has the second largest microwave network
in the world. Mitsubishi Electric, with the longest micro-
wave antenna experience in Japan, has supplied 90%
of the antennas used in the trunk lines of this extensive
network. Mitsubishi antenna systems include parabolic,
scatter, horn reflector and radar types, as well as a
complete line of waveguide components and acces-
sories. Frequencies from 900 Mc. to 24 KMc. are
sovered. The 1U-62, shown above and specified at the
ight, is typical of the outstanding performance of
Mitsubishi microwave antennas. Full technical informa-
tion on any of these types of antennas is available at
your request.

Gain at 6,100MC

VSWR :
Front/Back :

(over 60 degrees)

Discrimination of :

cross polarization

Guaranteed wind velocity

IU-62 Horn Reflector Antenna

Frequency Range :
Aperture :

Max. width :

Max. depth :

Max. height :

Gain at 3,900MC :

3,000-12,000 MC

25 S (at 3,900MC)

V 45 db
H 37.5db (at 6,100MC)

: 140 miles/hr

MITSUBISHI ELECTRIC CORPORATION

Hoead Office: Mitsublishi Denki Bldg., Marunouchi, Tokyo. Cable Address: MELCO TOKYO

® Air inflated parabola antenna

Circle 44 on reader service card

® 20 meter diameter antenna for satellite communication
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Copper clad

10 different copper clad laminates are available

from Formica. .. paper-phenolics, paper-
epoxies, nylon-phenolics, glass-epoxies. Flame
retardant materials—FR-2, FR-3, FR-4... three
grades accepted by UL for support of current-
carrying parts at temperatures up to 105°C,
Grades with MIL spec properties, NEMA
properties . .. property combinations to meet

any need.

WRITE FOR DATA DON:

e Copper clad laminates
e Electrical /electronic grades
¢ Mechanical grades

e Engraving stock

FORMICA CORPORATION
DEPT. 1-427, CINCINNATI 32, OHIO

subsidiary of

|

EFORMICA

industrial plastics

Formica presents The World’s Fair House to introduce the newest and best in carefree, contemporary living.
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KLEIN PLI ERS Speed up electronic wiring

When the crystal set was a seven-day wonder, Klein
long nose pliers were used to adjust the cat’s whisker.
Through the era of B and C battery sets, Klein kept
pace by providing pliers specially adapted for elec-
tronic wiring.

Today, more than 100 different styles and sizes of
Klein pliers are available to provide the exact tools
needed for any job. Klein engineers have developed a
special plier for wiring printed circuits; a high hardness

)
7

202-5C Oblique Cutting Plier with
narrow nose. Available with coil
spring. 5%-, and 6-in. sizes.

203-5C Long Nose Side Cutting
Plier. Available in 5§%-, 6%- and 7-

301-6C Long Nose Plier,
Available in §%-, 6%- and
7-in, lengths, Coil spring.

46 Circle 46 on reader service card

204-6C Transverse End Cutting Pli-
er, 6-in. long. Supplied with coil
spring to hold jaws open,

=>

D307-54C Slim Long Nose Plier for reaching into confined spaces. Yel-
low plastisol handles. Supplied with coil spring to hold jaws open.

in, sizes. Supplied with coil spring.

D310-6C Slim Long Nose Plier. Handles are yellow plastisol covered.
Supplied with coil spring to keep jaws open.

e ICILIE N =i

INCORPORATED
7200 McCORMICK ROAD, CHICAGO 45, ILL.

plier for cutting nickel ribbon wire; a transverse end
cutting plier for cutting closely in confined spaces; ex-
tremely small pliers for wiring midget assemblies—and
many others,

Klein has also developed special pliers to do special
jobs requested by electronic manufacturers.

For better work done more quickly and at lower cost,
be sure the pliers you use are exactly suited to the job
. . . made by Klein, of course, “Since 1857.”

e oo fde

D209-5C Lightweight, Pointed Nose,
Flush Cutting Plier. Supplied with
coil spring to hold jaws open.

314-8 8-in, Long Nose Plier.
Jaws have knurl,

See Your Distributor

Foreign Distributor: ITT Export
Corporation, New York
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CONSIDERING PRECISION RESISTORS?

3 for military requirements?

3 for commercial requirements?
[ at penny-pinching prices?

1 for prompt deliveries?

1 distributor availability ?

..en conider Campbel!

You can't afford not to consider Campbell for your precision resistor
requirements. Military or commercial types, we offer fast deliveries, quality
resistors, and penny-pinching prices to meet almost any budget requirement.

Military types supplied include RN55D, RN60D, RN65D, RN70D, RN75B,
and RN80B all to MIL-R-10509E. Metal film units available to MIL-R-226848B in
RL-07 and RL-20 sizes.

Commercial type, deposited-carbon precision resistors feature the perfect
combination of quality plus economy. As an example, our Type CEP % Watt 1%
tolerance unit can be purchased in volume quantities for less than 4Y%2¢ per unit.
As we said earlier . . . you can't afford not to CONSIDER CAMPBELL for all
your precision resistor requirements. Remember too, Clarostat stocking
distributors across the country offer you fast delivery, off-the-shelf,

for those immediate requirements.

CAMPBELL INDUSTRIES, INC.

subsidiary of

SLAROSTAT

CLAROSTAT MFG. CO, INC. DOVER, NEW HAMPSHIRE
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HONEYWELL

:
<

HUNDREDS AVAILABLE

MICRO SWITCH Precision Switches

to give you the right one...quickly &

Answers to literally thousands of control problems are ready
for you in the broad selection of panel switches by MICRO
SWITCH. Because of this wide choice, you are protected
from compromise on design, quality and cost.

The MICRO SWITCH selection is the result of years of
experience in developing switches for every known require-
ment throughout industry—commercial, aerospace, elec-
tronics, etc. And, a staff of experienced engineers is ready
to give you seasoned design and application assistance.

For information, call your MICRO SWITCH Branch Office
(see Yellow Pages), or write for catalogs.

1. Miniature lighted pushbutton switch. Indication and control
in less than one cubic inch.

2. Magnetic hold-in toggle switch. Completely sealed.
3. Multi-circuit toggle switch. Gold or silver contacts.

E-

= O O©O~NdOoW;

-

HONEYWELL

. Coordinated Manual Control. Pushbutton and/or rotary oper-

ation, lighted display.

. Modular lighted pushbutton switch. 20 switch modules.

. Rocker-actuatorswitch. Toggleversatility, pushbutton control.
. Sealed 3-position toggle switch. Complete circuitry selection.
. Lighted pushbutton switch. Small size, easy mounting.

. Heavy-duty pushbutton switch. Rugged. Oiltight panel seal.
. Modularlighted pushbutton switch.Round companionto No.5.
. Multi-circuit miniature pushbutton switch. Features good

switching action feel.

. Rotary-selector switch assembly. Up to 8 poles available.

MICRO SWITCH

FREEPORT., ILLINOIS
A DIVISION OF HONEYWELL

IN CANAQA: HONEYWELL CONTROLS LIMITED, TORONIO 17, ONTARIO

HONEYWELL INTERNATIONAL—SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIZS OF THE WORLD. MANUFACTURING IN UNITED S TATES, UNITED KINGDOM, CANADA, NETHERLANDS, GERMANY, FRANCE, JAPAN.
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Now... a really new s-c tester

featuring digital programming and low cost

TI's Model 638 Transistor/Diode Test Svstem has many
new features to make production/inspection testing easier,
faster. more economical. An out-of-the-way digital pro-
gramming section uses digit-switch and rotary selectors
for choosing test conditions. Both d-¢ and pulse tests can
be performed with each module. Up to 48 plug-in modules
mav be mounted verticallv or in slide-ont drawers. Tests
may be programmed in any sequence. Test duration is
independently adjustable from 50 milliseconds to 5 seconds.

The 658 features digital control of test circuitry; close prox-
imity of clamps and limiters to device under test; Kelvin
connections eliminating IR drop errors; front panel lights
displaving go/no-go results; memory storage permitting
sorting and classification into 16 categories with an acces-
sory sorter; swing-out card racks and plug-in assemblies
for simplifed maintenance and long-term reliabilitv. Bias
and reference supplies are digitally programmable with
repeatability better than %% Readout accuracy is %%

Write for information.

O
INDUSTRIAL
PRODUCTS
GROUP

TEXAS INSTRUMENTS

I NCORPORATED

P.O. BOX 66027 HOUSTON, TEXAS 77006

7 RUE VERSONNEX GENEVA, SWITZERLAND
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HOW T0 MAKE A “GOMPAGT" INSTRUMENTATION GABLE

To any engineer who has ever tried to
design a 114" instrumentation cable into
a 1” space, Rome-Alcoa dedicates this
new, “compact” component insulation.

The material that makes this new in-
sulation possible is colored Heat Seal-
able Mylar* polyester film.

We wrap two spiral layers directly
over the shielding braid of the individ-
ual component...thus replacing thicker,
extruded insulations of polyethylene or
polyvinyl chloride.

Besides the obvious advantages of
significantly smaller cable diameters and
lighter weight, this new material offers
the additional advantages of high
dielectric strength, moisture resistance
and excellent mechanical protection.
Because of the reduced build-up of a
cable component, longer, continuous,
unspliced lengths of finished cable may
be possible.

HOW IT’S MADE Each of the Mylar layers
is coated on one side with polyethylene.
The first layer is spiral-wound over the
shielding braid with the polyethylene
side facing outward. The second layer
is spiral-wound over the first with the
polyethylene side facing inward.

The component is then heated to a
temperature high enough to fuse the
adjacent coatings into one homogene-
ous polyethylene layer. This bonds both
Mylar layers into one tough, flexible,
waterproof lamination to give mechan-
ical protection inside and out.

INSULATION QUALITIES The Mylar insula-
tion is at least as reliable as extruded
plastics, with these added benefits—it
reduces the chances of “pinholes”—it is
lighter—it gives the finished cable a
smaller diameter — it is more flexible
than extruded insulations and is there-
fore easier to work with.
Mylar-wound insulation has electri-
cal properties superior to nylon and
approximately equal to PVC and poly-
ethylene. It has greater resistance to
electrical breakdown than any of the

extruded plastics. For example, typical

¥0U PONT REGISTERED TRADEMARK

50 Circle 50 on reader service card

tests have shown dielectric strength
breakdown voltages of 4000 volts/mil
as compared to 800 volts/mil for poly-
ethylene.

One of the most significant charac-
teristics of Heat Scalable Mylar poly-
ester film is its excellent resistance to
cut-through and abrasion. Mylar has
been shown to resist cut-through better
than PVC extrusions having threc to
four times the Mylar thickness.

WHERE TO APPLY IT To the user of instru-
mentation cable, this new Rome-Alcoa
product means a wider range of com-
ponent insulating materials available
for selecting the precise cable construc-
tion you need.

In some cases—notably where either
small diameter, lighter weight or longer
lengths of unspliced cable are vital—
we recommend Mylar-wound shield
isolation. In others, we may recom-
mend other standard materials.

ASK THE EXPERTS The increasing com-
plexity of instrumentation cable and
the choice of insulation materials avail-
able to you make it more necessary than
ever to go to an authority on instrumen-
tation cable. You can help protect the
functioning of your system by having
instrumentation cable designed and
constructed by experts.

Rome-Alcoa is, frankly, one of the
few companies that qualify. We’ve been
designing and constructing these cables
since their conception. If you're going
to need instrumentation cable soon, call
us. As a starter, send for our 24-page
booklet ecntitled, “Instrumentation
Cables, Cable Assemblies and Hook-up
Wires.” In it, we describe instrumenta-
tion cable constructions, cable produc-
tion, military specifications, and our
qualifications. For your copy, write
Rome Cable Division of Alcoa, Dept.
27-114 Rome, N. Y.

Rome Cable

DIVISION OF ALCOA
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Lab standards
for your most critical
requirements

Models 1493-1 1494-1 Bolometer Bridge and Reference
Current Generator—provides automatic measurement of
microwave power with =0.1% accuracy. Supplied for
standard rack mounting or with individual cases.

Model 1483 Induc-
tronic Wattmeter — a
primary standard for
measuring AC/DC
power. Transfer accu-
racy DC to AC within
0.01%. Excellent fre-
quency range. DC out-
put to drive strip chart

Model 172 Variable Frequency Calibration Console—provides
current and voltage output within +0.05% of reading, up to
2500 cps. Wattage outputs within +0.1% . Variable frequency
output from 50 to 10,000 cps. Short term stability 0.01%.

recorders.

Model 1572 AC/DC Volt-
Ammeter — self-contained,
portable instrument with
digital readout. Measure-
ment accuracy within
+0.05% of indicated value.
True RMS response for AC
measurements. Self-con-
tained Zener reference.

o —

v 00 & oo

»= 3
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Model 64 DC Voltage Calibrator — gives simple, rapid
and accurate DC instrument calibration. Automatically
divides range into as many as 15,000 equal parts.
Accuracy within +0.05% of indicated value.

Model 1573 Direct-Reading AC/DC Thermo Voltmeter —
“usable on DC and AC to 50 kc. Accuracy: 0.015% on DC,
0.025% on AC, 0.005% as a transfcr standard. Range: 1
to 1,000 volts, 6-place readout. Voltmeter, transfer stand-
ard, and DC reference for digital voltmeter calibration.

QUALITY BY DESIGN

v WESTON INSTRUMENTS. INC.

614 Frelinghuysen Avenue, Newark, New Jersey, 07114
Circle 51 on reader service card
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first low level solid-state unit
_Joins industry’s most versatile
line of telegraph relays

Radiation’s new solid-state low level to high level neutral relay is
the first of its kind. The unit, Model 9338, is designed for such
applications as conversion of low level computer outputs to higher
telegraph levels, and for computer/computer switching.

This advanced relay features modular construction and un-
limited service life without maintenance. Because it operates at an
input level of = 6 v at 50 to 100 pa, conducted and radiated RFI
are greatly reduced.

Radiation Telegraph Relays are supplied with octal bases in three
standard models (at right). They can replace all electromechanical
units except in rare applications. These versatile units are com-
pletely solid state, and are powered by input loop current alone.

Special Plug-In Adapters are available in all popular types (ex-
amples at right), and permit you to update your present system
easily and quickly. Radiation can also supply special adapters, units
wired for direct replacement, or devices on plug-in printed cir-
cuit cards.

All Radiation Solid-State Relays operate at speeds up to 2400
bits/second with less than 3% distortion. Input is essentially re-
sistive. They do not induce transients in the line as do electro-
mechanical units. And a unique Radiation circuit protects inputs
against abnormal line conditions such as spikes und overvoltages.

In addition, Radiation Relays are extremely resistant to environ-
mental extremes. They require no adjustment, and will operate for
an indefinite period of time without attention.

Radiation engineers will be glad to assist if you have a unique
application or would like help in evaluating system requirements.
Write for information, or describe your needs. Products Division,
Dept. EL-11, Radiation Incorporated, Melbourne, Florida.

RADIATION

INCORPORATED
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RADIATION SOLID-STATE RELAYS
Type Model Body Size Figure
Neutral 9214 1.46 x 2.86 A
Neutral 9220 1.46 x 2.86 A
Polar 9212 1.46 x 3.66 B
Univ. 9218 1.38 x 2.63 C
Low Level 9338 1.38 x 2.63 Cc

Note: Other configurations are available, including plug-

in circuit cards.

Standard Plug-In Adapters

Octal-to-Western Electric 255-A
Octal-to-Western Union 202-A

Octal-to-Octal

D
E

F

Note: Other adapters are available, or units can be wired

for direct replacement.
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What's a
Sendzimir
mill

doing in a
watch
factory?

‘CAUTION B

Electronics | November 16, 1964

We are not just a watch factory. Actually, the Sendzimir
mills (we have more under one roof than anyone else,
anywhere) are part of our Precision Metals Division. They
are used to cold-roll strip or foil of most any known alloy
to ultra-thin, uniform thicknesses with smooth edges,
excellent surfaces. We work to minimum thicknesses of
.00008” and widths of .030”

Ours is a completely integrated metals processing operation
capable of solving problems of tolerances, thin gages,
limited availability of alloys, superior mechanical properties
or reproduction of exact specifications from lot to lot.

We'll fill any order from experimental lots to production
quantities. Write for our Precision Metals Brochure,

to Department 1911, Lancaster, Pennsylvania.

PRECISION METALS DIVISION — ONE OF THE MANY DIMENSIONS OF THE
M vanr/eron waATCH COMPANY

Lancaster, Pennsylvania
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transistor cost

$8.04

B ELECTRONICS

PROGRESS IN SEMICONDUCIORS

-

transistor cost

$4.68

You’re not seeing double...
(look at the price)

You could save $3.36 per board (based on OEM 10,000 and up
prices) by replacing TO-18 high speed switches with G-E “Economy
Line” Silicon Planar 2N3605 devices in the circuit shown. The
2N3605 units on the right are interchangeable with the 2N706,
2N708, and 2N914. And in most circuits no re-engineering is re-
quired. As a matter of fact, in 70% of the applications the 2N3605
is a direct plug-in replacement for the other three.

The beauty of the "Economy Line" devices is that while you en-
joy real savings in transistor costs in your circuits, you also profit
from proved reliability. Millions of "Economy Line" transistors
have been used in the field over the last two-and-a-half years in
some pretty rough environments . . . and they're still in use.

Find out how you can get the same performance and reliability

54 Circle 54 on reader service card

in your circuits . . . with really important cost savings. Contact your
G-E Semiconductor District Sales Manager, or write to us at Sec-
tion 16K176, Semiconductor Products Department, General Elec-
tric Company, Electronics Park, Syracuse, New York. In Canada:
Canadian General Electric, 189 Dufferin Street, Toronto, Ont.
Export: International General Eiectric, 159 Madison Avenue, New
York 16, N.Y.

AVAILABLE THROUGH YOUR G-E SEMICONDUCTOR
DISTRIBUTOR IN QUANTITIES UP TO 1,000

GENERAL @3 ELECTRIC
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iovember 16, 1964 | Highlights of the issue

Technical Articles

Boosting d-c voltage
with silicon transistors:
page 56

Simple cell competes
with complex parts:
page 67

Can electron beams
produce incredibly
small circuits?

page 82

Noise-proofing a digital
voltmeter with off-the-
shelf microelectronics:
page 92

Mobility in space and under the oceans has imposed a
new requirement for electronic equipment: the need to
change low-voltage direct current generated by uncon-
ventional power sources to voltage high enough to run
microwave or sonar gear. New circuits to do this are
using power transistors.

The electrochemical cell used to be just a source of
power. Now a tiny cell does far more. It can generate
time delays, integrate pulses and store signals. And it is
reversible and reusable.

The high resolution of an electron beam can make tiny
microcircuits. Industry, however, is not yet convinced
that it's a practical technique. Still, the possibilitics
are intriguing; under design is a data-processing sys-
tem that would contain 100 billion thin-film components
in a cubic inch.

A step-by-step integration technique makes a new digital
voltmeter noise-proof. The complex technique is made
cconomically feasible by the use of off-the-shelf m'cro-
electronics. It is proof that microelectronics is moving
into commercial and industrial products.

Coming
November 30

« Starting: A series on the field-effect transistor
« Instruments to measure effects from lasers

» Analyzing signals for medical electronics

» A solid-state device for microwave delay lines



Solid state

Boosting d-c voltage
with silicon transistors

High-speed circuits in compact packages are able

to step up voltages at improved efficiencies

By Harry T. Breece, Ill

Radio Corp. of America, Somerville, N.J.

As science probes farther out into space and deeper
beneath the ocean, the need for portable electronic
equipment grows. So engineers are focusing more
attention on lightweight, small and efficient gear.
One major problem is changing low-voltage direct
current to high-voltage direct current to drive mi-
crowave cquipment, radar and sonar.

Recent advances in the production of silicon
power transistors opened the door for developing
high-speed circuits that will make the conversion
at efficiencies of 80% to 90% at power loads of as
much as 25 kilowatts and at frequencies up to 100
kilocycles.

What this means to the engineer designing a
particular electronic package is a substantial re-
duction in the size and weight of the capacitors
and inductors used to convert the low-voltage d-c
to high-voltage a-c for some applications and to
high-voltage d-c for other applications.

The term inverter in this articlc is used in the
generic sense; transforming d-c to d-c is commonly
referred to as conversion.

Designing the inverter

The design of a high-speed transistorized in-
verter is based on the available supply voltage,
the required output voltage and power and the

The author

Harry T. Breece, I, joined the
Radio Corp. of America in 1962 and
worked on high-speed silicon

power transistors for two years.

He is currently at Purdue

University studying for his Ph.D.

in electrical engineering.
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range of ambient temperature over which the
inverter must operate. Moreover, the inverter’s
specifications usually provide additional prelim-
inary design information, such as size, weight, oper-
ating frequency and stability.

The following procedure is used to design the
inverter circuit:

1. The power delivered to the output transformer
T, is computed as follows:

Pout
2

Pout’ = - (])
where P, is the required output power of the
inverter circuit and 7. is the transformer efficiency.
A value of 90% to 95% is usually assumed.

2. An estimate of the transistor collector current
for a square wave (1) can then be obtained from
the ratio of P, to the supply voltage, V,, that is,
1¢ = Lo )

Vs

3. Determine from the manufacturer’s data the
transistor saturation voltage, Vepoan, that corre-
sponds to the collector current, I¢/, and case tem-
perature, Te. The transistor collector current should
now be recomputed as follows:

IC” = _I)out ) (3)

Vs — Verany

4. From the manufacturer’s data determine the
base-to-emitter voltage, Vpg, required for the col-
lector-to-emitter saturation voltage, Vepian, a8
given in step 3, at the collector current, 1.”, and
the case temperature, T,.. Also, find the common-
emitter forward-transfer ratio, hyn,, at this collector
current and case temperature. A value of hpg’ that
is low enough to insure saturation (usually, hpg’
is about half of hpg) is then used, together with
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A close look at a basic circuit used for
high-speed inverter operations (below)
provides the background for under-
standing the technique.

In this circuit, a saturable base-drive
transformer, T, controls the inverter
switching operation at base-circuit
power levels, and a linear output
transformer couples the output to the
load. Because the core material of out-
put transformer, T. isn't allowed to
saturate, the peak collector currents
of the transistors in the inverter are
determined principally by the value of
the load impedance. This feature
makes possible high circuit efficiency.
The inverter circuit works this way:

Because of a small inherent imbal-
ance in the circuit, one of the transis-
tors, say Q,, initially conducts more
heavily than the other. The resulting
increase in the voltage across the pri-
mary of output transformer T. is applied
to the primary of base-drive trans-
former T, in series with the feedback
resistor, R.. The secondary windings
of transformer T, are arranged so that
transistor Q. is reverse biased and
driven to cutoff, while transistor Q: is
driven to saturation. As transformer T,
saturates, the rapidly increasing primary
current causes a greater voltage drop
across feedback resistor R:. This in-
creased voltage across Ry, reduces the
voltage applied to the primary of trans-
former T,; thus, the drive input, and
ultimately the collector current of tran-
sistor Q) are decreased.

Reverse polarities

The decrease in the collector current
of transistor Q. causes a reversal of
the polarities of the voltages across all

Ty —RECTANGULAR- LOOP
CORE MATERIAL

T, —LINEAR CORE
MATERIAL Ve

Inside the black box

transformer windings. Transistor Q,
therefore, is rapidly driven to cutoff,
and transistor Q. is then allowed to
conduct. The inverter operates in this
state until the saturation of transformer
T, in the opposite direction is reached.
The circuit then switches to the initial
state, and the cycle is repeated at a
frequency determined by the design of
transformer T, and the value of feed-
back resistor Ry.

The external base resistors, R., re-
duce the effect of the transistor base-
to-emitter voltage, Vu:, on the opera-
tion of the circuit. These stabilizing
resistors are needed because Vug varies
among individual transistors with tem-
perature and operating time.

The collector current in each tran-
sistor must rise to a value equal to
the load current plus the magnetization
current of transformers T, and T. and
the feedback current to produce the re-
quired drive. Because the output trans-
former, T, isn’t allowed to saturate,
the magnetization current is only a
small fraction of the load current. In
the switching operation, transistor Q,
will continue to conduct after the drive
is removed because of the excess
charge that was stored in the base dur-
ing saturation. However, transistor Q.
won’t conduct until the core of trans-
former T, has been reverse-magnetized
and current has been injected into the
base of transistor Q.. In the single-

FULL LOAD

Teyax

Ic

transformer inverter**, both transistors
conduct heavily during the switching
time; in the two-transformer circuit
neither transistor conducts during the
switching time and thus very low power
supply impedance is not necessary for
fast switching.

Smooth changeover

The energy stored in the output
transformer by its magnetizing current
is sufficient to assure a smooth change-
over from one transistor to the other
with no possibility of the inverter oscil-
lations stopping.

Operation of the high-speed inverter
is relatively insensitive to small system
variations that may result in a slight
overloading of the circuit. Under such
conditions, the base power losses will
increase; but these losses are so small
anyway that a slight increase in them
won’t noticeably affect circuit perform-
ance. The amount of energy stored in
the output transformer will also be in-
creased. Although this increase wili
result in a greater transient dissipation,
the inverter switching will still be
smooth. Because the output trans-
former is not saturated, the collector
currents are always determined by the
circuit load impedance and not by
small system variations.

A practical design of the high-speed
inverter should include a means of
initially biasing the transistors into
conduction to assure that the circuit
will be started reliably. Such biasing
networks can be readily added to the
inverter, and are much more depend-
able than just assuming that circuit
imbalance will immediately shock the
inverter into oscillation.

LIGHT LOAD

t —

High-speed inverter has a saturable base-drive transformer that controls the inverter switching operation
at base-circuit power levels, Because output transformer isn’t allowed to saturate, the peak

collector current is determined by the load impedance. Collector-current and collector-voltage
waveforms for the transistors in the inverter with a resistive load are shown on the right.
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PULSE DURATION CURVES APPLY TO EACH TYPE,
DC CURVES APPLY TO INDICATED TYPES.
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2N3263

COLLECTOR-TO-EMITTER VOLTS (Vgg)

Graph taken from 2N3265 data sheet shows
the safe region of operation for various pulse
durations. The circuit operates safely at 50

kilocycles (10 microseconds pulse duration).
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Operating conditions that will cause 10%

of the 2N3265 transistors to enter secondary
breakdown. More than 909%, will operate

without hazard of reverse bias second breakdown
in the area to the left and below the curves.
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the value found for Vyy, in the following equation
to estimate the base-circuit input power, P;,:

P, = lB,Ujl +[ j|R,,
FE

The base stabilizing resistance, Ry, is small and
is usually chosen so that the voltage dropped across
it will be about half of V..

5. The input power to base-drive transformer,
T,, can be approximated on the basis of the base-
circuit input power, P;,, and the transformer
efficiency, m, as follows:

I "
«

hps'

(4)

I)in
M

P = (5)

6. The collector current can now be approxi-
mated on the basis of the total power developed
in the inverter circuit:

1)0\".;+ PinI'

"S - VCls‘(sr\t)

Ic¢= (6)
If the collector current given by equation 6 is sig-
nificantly higher than that given by equation 3,
steps 4, 5 and 6 should be repeated with this
higher value of collector current substituted for
1.

7. The turns ratio of output transformer T,

Electronics | November 16, 1964



A close look at a basic circuit used for
high-speed inverter operations (below)
provides the background for under-
standing the technique.

In this circuit, a saturable base-drive
transformer, T, controls the inverter
switching operation at base-circuit
power levels, and a linear output
transformer couples the output to the
load. Because the core material of out-
put transformer, T. isn’'t allowed to
saturate, the peak collector currents
of the transistors in the inverter are
determined principally by the value of
the load impedance.! This feature
makes possible high circuit efficiency.
The inverter circuit works this way:

Because of a small inherent imbal-
ance in the circuit, one of the transis-
tors, say Q. initially conducts more
heavily than the other. The resulting
increase in the voltage across the pri-
mary of output transformer T. is applied
to the primary of base-drive trans-
former T, in series with the feedback
resistor, Rn. The secondary windings
of transformer T, are arranged so that
transistor Q. is reverse biased and
driven to cutoff, while transistor Q. is
driven to saturation. As transformer T,
saturates, the rapidly increasing primary
current causes a greater voltage drop
across feedback resistor Re. This in-
creased voltage across Ry, reduces the
voltage applied to the primary of trans-
former T.; thus, the drive input, and
ultimately the collector current of tran-
sistor Q) are decreased.

Reverse polarities

The decrease in the collector current
of transistor Q. causes a reversal of
the polarities of the voltages across all

R{b

Inside the black box

transformer windings. Transistor Q,
therefore, is rapidly driven to cutoff,
and transistor Q. is then allowed to
conduct. The inverter operates in this
state until the saturation of transformer
T, in the opposite direction is reached.
The circuit then switches to the initial
state, and the cycle is repeated at a
frequency determined by the design of
transformer T, and the value of feed-
back resistor Ri.

The external base resistors, R, re-
duce the effect of the transistor base-
to-emitter voltage, Vui, on the opera-
tion of the circuit. These stabilizing
resistors are needed because Vs varies
among individual transistors with tem-
perature and operating time.

The collector current in each tran-
sistor must rise to a value equal to
the load current pius the magnetization
current of transformers T, and T. and
the feedback current to produce the re-
quired drive. Because the output trans-
former, T., isn’'t allowed to saturate,
the magnetization current is only a
small fraction of the load current. In
the switching operation, transistor Q.
will continue to conduct after the drive
is removed because of the excess
charge that was stored in the base dur-
ing saturation. However, transistor Q.
won’t conduct until the core of trans-
former T, has been reverse-magnetized
and current has been injected into the
base of transistor Q.. In the single-

transformer inverter**, both transistors
conduct heavily during the switching
time; in the two-transformer circuit
neither transistor conducts during the
switching time and thus very low power
supply impedance is not necessary for
fast switching.

Smooth changeover

The energy stored in the output
transformer by its magnetizing current
is sufficient to assure a smooth change-
over from one transistor to the other
with no possibility of the inverter oscil-
lations stopping.

Operation of the high-speed inverter
is relatively insensitive to small system
variations that may result in a slight
overloading of the circuit. Under such
conditions, the base power losses will
increase; but these losses are so small
anyway that a slight increase in them
won't noticeably affect circuit perform-
ance. The amount of energy stored in
the output transformer will also be in-
creased. Although this increase will
result in a greater transient dissipation,
the inverter switching will still be
smooth. Because the output trans-
former is not saturated, the collector
currents are always determined by the
circuit load impedance and not by
small system variations.

A practical design of the high-speed
inverter should include a means of
initially biasing the transistors into
conduction to assure that the circuit
will be started reliably. Such biasing
networks can be readily added to the
inverter, and are much more depend-
able than just assuming that circuit
imbalance will immediately shock the
inverter into oscillation.
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High-speed inverter has a saturable base-drive transformer that controls the inverter switching operation
at base-circuit power levels. Because output transformer isn’t allowed to saturate, the peak

collector current is determined by the load impedance. Collector-current and collector-voltage
waveforms for the transistors in the inverter with a resistive load are shown on the right.
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PULSE DURATION CURVES APPLY TO EACH TYPE.
DC CURVES APPLY TO INDICATED TYPES.
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Graph taken from 2N3265 data sheet shows
the safe region of operation for various pulse
durations. The circuit operates safely at 50

kilocycles (10 microseconds pulse duration).

10TH PERCENTILE
22

Rpg =20 OHMS

n
(=]

-4

-
o o™
| |

%5 BASE-TO-
EMITTER

12 - VOLTS
{Vggl=—6

-
(=]
1

PEAK COLLECTOR AMPERES — I

0 1 N IHI
2 3 4 56789 2

100 :

INDUCTANCE — e H

Operating conditions that will cause 10%

of the 2N3265 transistors to enter secondary
breakdown. More than 909%, will operate

without hazard of reverse bias second breakdown
in the area to the left and below the curves.

58

the value found for Vi, in the following cquation
to estimate the base-circuit input power, P;,:

Pin = l—BI:‘[ ] +{ }I\)If

The base stabilizing resistance, Ry, is small and
is usnally chosen so that the voltage dropped across
it will be about half of Vg,

5. The input power to base-drive transformer,
T,, can be approximated on the basis of the base-
circuit input power, Py, and the transformer
cfficiency, 7, as follows:

I ('u

hww'

I
a2

hiw'

(4)

Pin
m

Piu’ — (5)

6. The collector current can now be approxi-
mated on the basis of the total power developed
in the inverter circuit:

l)out’ + I)in’

s = Vergan

Ic= (6)
If the collector current given by equation 6 is sig-
nificantly higher than that given by equation 3,
steps 4, 5 and 6 should be repeated with this
higher value of collector current substituted for
I¢”.

7. The turns ratio of output transformer T,
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may now be computed using the specified load
impedance, (Z.), and the reflected impedance,
(Z,), determined by

I’s = "snt

Ie

Thus, the turns ratio for T. is determined from
the following relationship:

3 ZL

n = -
Z

S. The value of the feedback resistor, Ry, is
usually chosen so as to drop about half of the

Z) = 7

(8)

available voltage.* Thus, Vi = (Ve — Viar) with
a primary current as follows:
Pinl
Ipril = Vv . (9)
pril

where P;,’ is the value determined from equation 3.
9. The turns ratio for transformer T, is given as
follows:

n = _VP;E_I:"%BL‘)”_ (10)
pri
where I = -hl—c,
FE

The general design procedure outlined above
presupposes that the transistors to be used are
selected on the basis of the operating requirements
specified for the inverter circuit and that the trans-
formers used in the circuit are the best types for
high-speed inverter applications. Also, because of
the variety of arrangements possible, no provisions
are included in the general procedure for the design
of a bias-starting network,

Practical 250-watt, 50-kilocycle inverter circuit
as designed step-by-step in this article.

Values of feedback resistance and bias-starting
resistance were arrived at experimentally using
the calculated values as a beginning.

Transistor requirements

The transistor selected for use in a high-speed
circuit is dictated by the following conditions:

« In the high-speed inverter, the peak value of the
collector-to-emitter voltage of each transistor will
be equal to twice the supply voltage plus the ampli-
tude of the voltage spikes generated by transient
elements. Therefore, the collector-to-emitter break-
down voltage, Vcgo, of the transistors should be
slightly greater than twice the supply voltage (usu-
ally an additional 20% is sufficient).

*The transistors must be able to handle the
currents that are necessary to produce the required
output power at the given supply voltage, and their
saturation voltage at these currents must be low
enough so that the desired efficiency can be ob-
tained.

*The junction-to-case thermal resistance of the
transistors must be low enough so that for the
given ambient temperature and the available heat-
sink and cooling apparatus, the manufacturer’s
maximum ratings aren’t exceeded.

The maximum collector current, the dissipation
and the heat-sink thermal resistance of the tran-
sistors can be approximated on the basis of these
limiting conditions:

The maximum collector current is approximately

Pput _77'2
L ‘?CE(snt)

§o = (11)

where V, is the supply voltage, Verisa is the tran-
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sistor collector-to-cmitter saturation voltage (for a
specific L), P, is the required power output and
72 is the desired efficiency of the output transformer
(usually 90% to 95%).

The transistor dissipation can be approximated
as follows (because the base dissipation is very
small, it is neglected here):

ety .
Pp = T] (Verwwle+2lcrxVs)
(12)
ton + tf (I,SI_C)_
Ty 3

where Vy is the supply voltage, Ve is the tran-
sistor saturation voltage (for a specific Ig); I is the
collector current, as given by equation 11; Iopx is
the collector current with the base reverse-biased
(for Vo = 2Vy); t,,, is the transistor on time at I,
given by equation 11 and hypy” given in step 4 of
the general procedure; t; is the transistor fall time
(at I given by equation 11) and h,. given in gen-
eral procedure; Ty = % [T — (t., + t)].

Equation 12 is used as a guide for the first stages
of design; the exact dissipation is determined ex-
perimentally. The transistor saturated switching
characteristics must be fast enough so that the
transient dissipation terms don’t become excessive.

The required heat-sink thermal resistance may
be approximated by

AT

P~ =

(13)

Oe_a =

where AT is the permissible junction temperature
rise (AT = Tjmax — Ta); Pp is the transistor dissi-
pation: and ., is the case-to-air thermal resist-
ance, including mounting, interface, any insulation
material and heat sink.

The estimate of the required heat-sink thermal
resistance together with the manufacturer’s maxi-
mum rating curve or safe operating region will
complete the determination of transistor require-
ments,

Transformer design

A ferrite type of core material is the most suit-
able for both the output transformer and the base-
drive transformer. The base-drive transformer (T))
should use a rectangular-loop ferrite core, while
the output transformer (T.) should use a linear
ferrite core. At the frequencies used in high-speed
inverters, iron cores cannot compcte successtully
with ferrite cores, either in performance or in econ-
omy. Even at the low end of the inverter frequency
range, ferrite cores are more economical because
the iron must be in the form of very thin lamina-
tions or tape-wound toroids. In addition, ferrites
have fairlv constant losses up to about 40 kilo-
cycles; the losses increase as f%!, where f is the
operating frequency. At higher frequencies, the
losses increased as %, These rates are much lower
than would be possible with an iron core.?®

The core of a transformer is selected on the basis
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of power-handling requirements and frequency and
temperature of operation. Temperature is an import-
ant consideration of the selection of a ferrite core
because the Curie temperature for many ferrites is
low. (Magnetization is zero above the Curie tem-
perature.) Another important feature in the core
material selection is the desired transformer effic-
iency. The efficiency can be used to obtain an
approximation for the magnetic power to be dis-
sipated, Py. The nccessary volume of core mate-
rial can then be estimated on the basis of the value
of P, and the corc loss factor for the chosen
material at the operating frequency. The core loss
tactor is determined from the core-material manu-
facturer’s data.

Producer’s data on the ferrite core material
indicate its maximum operating temperature. The
Curie temperature must be considered together
with the variation in flux density as a function of
temperature and the desired operating value of
flux density, B. For the basc-drive transformer, a
temperature risc tesults in a decrease in flux
density and an ultimate increase in operating
frequency. The ambient temperature and the maxi-
mum operating core teinperature are used to com-
pute the maximum permissible temperature rise,
AT. A second cstimate of the volume of core
material must then be made on the basis of the
magnetic power to be dissipated and the tempera-
ture rise AT. A rule of thumb for most ferrites is
that the temperature rises according to 3.2 mW/cm-
4/°C.% This volume should be compared with the
volume seclected above on the basis of core losses;
the final volume used should satisfy both require-
ments.

Although the rule used to determine the tem-
perature rise in ferrites is fairly accurate, the factor
varies among ferrites as a function of operating
conditions and with the amount of core surface
that remains after the installation of the windings.
Most ferrite manufacturers are conducting tests to
obtain more temperature-rise data, which should be
available soon. At present, exact temperature-rise
information may be obtained from the core-material
manufacturer for each application.

The output power transformer is designed to
satisfy the following familiar equation:

_l/pri X 108_

1fAB {

Np =

where V,,; is the primary voltage in volts, f is the
operating frequency in cycles per second, A is the
transformer core area in square centimeters and B
is the flux density in gausses. In the design of the
output transformer for high-power, high-frequency
inverters, excessive primary turns should be avoided
to assure minimum power dissipation, to assure
that the transformer can be made in view of th
large wire sizes and the relatively small cores which
are usually employed, and to assure that a low
value of leakage inductance is maintained. Good
balance and close coupling between primaries is
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normally achieved by the use of bifilar windings.
Flux density for the output transformer is deter-
mined by the usual compromise—the wire size
selected on the basis of a 50% duty cycle must be
large enough so that power dissipation will be low.
If the wire size is inadequate, dissipation will be
appreciable and a high transformer-core tempera-
ture will result.

The design of the saturable base-drive trans-
former isn’t as straightforward as that of the output
transformer, because when the transformer satu-
rates, a sharp drop in the applied primary voltage
must be produced. Thus, the magnetizing current
must increase considerably from a small value to
one that is comparable with primary current, as
given by equation 9. The following equation must
be used in addition to equation 14 to arrive at the
number of primary turns because of the saturation
requirement:

1.26 Np Iy
l

where N, is the number of primary turns, Iy is the
value of magnetizing current at saturation in
amperes (chosen to be comparable with I,.'—a
value of % I, is usually acceptable), 1 is the
length of the magnetic path in centimeters and Hy
is the value of the magnetizing field strength at
saturation in oersteds (a value of five to ten times
the coercive force is usually used). Equations 14
and 15 must both be satisfied for the proper design
of base-drive transformer Tj;.

The value of feedback resistance (Ra,) for a
given primary current, I, is computed such as
to drop one-half the collector-to-collector voltage
of the two transistors. The other half of the voltage
is applied to the primary of transformer T,. The
optimum value of the feedback resistor is then
determined experimentally. A decrease in the value

Hs = (see reference 4) (15)

Rep
Ry
01
g
<
W W/B0{/ | Y.
Ry
g Vec
Ry
Q

—

of Ry, will cause the magnetizing current to in-
crease, thus increasing the voltage across the
primary. As may be inferred from equation 14, the
operating frequency will then increase.

An increase in Ry, causes a greater voltage drop
across it, and less voltage is then available to the
primary of transformer T;. However, if the value
of Ry is increased excessively, the frequency will
increase, because sufficient base drive won’t be
available to saturate the transistor for the proper
period, and the saturation of the base-drive trans-
former won’t be complete. Thus, Ry, can be used to
control frequency only over a limited range.*

Getting it going

The circuit shown on page 57 will not necessarily
begin to oscillate, especially if it is heavily loaded.
To make sure that it does, a starting bias may be
applied so that the circuit will have a loop gain
greater than unity. Two methods are possible. The
bias can be applied only during starting or a
permanent bias arrangement can be used.

Two practical starting circuits:

s The inverter below uses a resistive voltage-
divider network to supply the necessary starting
bias. The required value of resistor R, can be found
from

Rl = VS = VS

Te (16)

2l + LBE_‘I;—IBRB

The denominator of the fraction in equation 16 is
equal to the desired value of starting current. As-
suming a value of starting current Is, this relation-
ship can be used to determine the value of R.. A
compromise of reliable starting current and min-
imum bleeder current must be reached by trial and
€rror.

» The diode starting circuit below in which the

Rf;;
Rp
0,
T Ty
Ry
e AN
L
Dy
é Vee
Ry
0,

Two practical starting circuits. Inverter on the left uses a resistive voitage-divider network
to supply the necessary bias. Inverter on the right uses a diode-type starting circuit.
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bases of the two inverter transistors are supplied
by a resistance, R;, is determined as follows:

s
25 + 1.4
As the inverter begins to oscillate, the base current
flows through the base-emitter diode and in the
forward direction through the starting diode. Usu-
ally, additional drive is needed to compensate for
the diode voltage drop. Low-voltage silicon diodes,
which must be capable of carrying the base current
continuously, generally are used.

Rl - (17)

Second-breakdown effects

High-speed, high-power inverters require tran-
sistors with high power-handling capabilities and
very fast saturated-switching speeds. Second break-
down (see Electronics, p. 66, June 15, 1964) is a
factor that must also be considered in the design
of these circuits.” In general, second breakdown is
a condition in a junction transistor that causes the
output impedance to change instantaneously from
a large positive value to a negative value and then
to a final small positive value. In some respects,
second breakdown appears similar to a normal
avalanche breakdown, either collector-to-base
(BVno) or collector-to-emitter (Vg (e ). There are,
however, two major differences: (1) The second-
breakdown final limiting voltage is always in the
5- to 30-volt range, while BVepo and Veg s usually
have much higher limiting values, and (2) second
breakdown is energy-dependent while BVego and
Ve are independent of energy to a first order
approximation.

Physically, second breakdown is a local thermal
runaway effect induced by severe current concen-
trations. These concentrations can result from bias-
ing conditions, excessive transverse base fields and
defects in the base region or junctions, or both. It
can be found to some degree in all junction tran-
sistors. However, in many transistors, primarily
small-signal and low-frequency power types, the
maximum steady-state dissipation rating limits the
voltage-current product to something less than the
critical value necessary to produce second break-
down. Results show that transistors with higher
frequency characteristics undergo second break-
down at lower power ratings. This behavior is at-
tributed to a narrower, active-base spacing, which
increases the severity of transverse base fields,

COLLECTOR-TO-EMITTER VOLTS (V¢g)
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amplifies biasing effects and raises the defect level
relative to the greater tolerances required.

If the on time of the transistor is decreased or
the frequency of operation is increased, the critical
voltage-current product necessary to produce sec-
ond breakdown becomes greater. This condition
results from the fact that the rate of localized heat-
ing is governed not only by current concentration,
but by the thermal time constant of the semicon-
ductor material. Therefore high-frequency, high-
power transistors can safely handle large power
dissipation without incurring second breakdown in
high-speed switching circuits.

Thus, this class of transistors is rated for second
breakdown in two ways: (1) a safe operating-range
curve for forward-bias drive conditions, with time
as the running variable, and (2) a safe operating
range curve showing second-breakdown energy as
a function of reverse-bias voltage and inductance.

Forward-bias second breakdown can be analyzed
as follows: During the turn-on time the transistor
is subjected to high dissipation in the active region.
A plot of the experimentally determined load line
superimposed on the transistor safe operating re-
gion curve for the appropriate time duration, t,.,
will determine whether the circuit is operating in
the safe operating region for second brecakdown.

Reverse-bias second breakdown can be analyzed
as follows: During the fall time, t;, the transistor is
subjected to high energy as a result of energy
stored in the output-transformer leakage induct-
ance. This leakage inductance can be made small
by careful winding of the transformer to obtain
close coupling. An approximation of the value of
leakage inductance can be obtained by measuring
the primary inductance with the secondary winding
short-circuited. As will be shown, the leakage-in-
ductance value and the peak collector current can
b: used to provide an analysis of reverse-bias sec-
ond breakdown.

Design example

The techniques described here will now be ap-
plied to a practical high-speed inverter.

The operating requirements upon which the de-
sign is based are as follows:

Power output, 5, = 250 watts d-¢
Operating frequency, f/ = 50 kilocycles
Supply voltage, Vs = 4 28 volts
Load resistance, R, = 25 ohms
Ambient temperature, T4, = 25° C

Area enclosed by transistor load
line for the 2N3265 transistor
using a load resistance of

25.6 ohms and a supply voltage

of 28 volts shows that high
dissipation occurs during switching.

1l
60 70
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Qutput characteristics of the 250-watt inverter as a function of
load as measured at the output terminals of the rectifier bridge.

(I.)

The first step in the selection of the transistor
for the inverter is to compute the power input to
the output transformer, P,.’; a transformer effi-
ciency of 95% is assumed. Thus, from equation 1,

Pou = 250/.95 = 262.5 watts

Equation 2 is now used to make the initial estimate
of the transistor collector current that is necessary
to produce the required output power:

I = 262.5/28 = 9.4 amperes

The transistors used in the inverter circuit must
have a collector-to-emitter breakdown voltage,

Vo, equal to at least twice the supply voltage plus
an additional 20% to allow for transient voltage

The data given for the 2N3265 transistor are used
to determine the hgg ratio and base-to-emitter volt-
age, Vi, of the transistor at this level of collector
current. The minimum hgg of 40 at a collector
current of 10 amperes (95% of tle transistors will
meet this requirement) is close enough to the value
calculated for I.””. The forced value for this ratio,
hye’, is chosen to be 20, which is small enough to
assure that the transistor will saturate. The base-to-
emitter saturation voltage, Vg wue), at the collector
current of 10 amperes is found to be 1.3 volts. The
values of the following parameters can now be
computed:

spikes. Thus, I, = hIC - 9)((5)2 = 0.481 amp
Vero = 2 (28) (1.20) = 67 volts o :

The RCA type 2N3265 silicon power transistors R — V BB @aty 1.3 27 oh
selected for the inverter circuit have a Vegos) Of T ~ 0.481 N

90 volts, and their collector-to-emitter saturation
voltage, Vegan, of 0.75 (which is given in the
manufacturer’s data for a collector current, I, of
15 amperes) is low enough to insure that the de-
sired high operating efficiency can be obtained.
The switching times for the 2N3265 transistor are

as follows:
500 nanoseconds (at I ¢ = 15amps)

500 nanoseconds (at I ¢ =

Fall time, t; =
On time, ton = 15 amps)

These switching times are short in relation to the
20-microsecond period of the 50-kilocycle operating
frequency.

Ic." =262.5/(28 — 0.75) = 9.62 amperes
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The total base-circuit input resistance, Ri//, is the
sum of the quantity R,, and the transistor bias re-
sistor Ry, The value of Ry is chosen as 1 ohm. Thus,
Ri/ is equal to 3.7 ohms. The base-circuit input
voltage Vi, can be readily determined, either from
the product of R;,” and I;; or as follows:

Vii'=Viygeao+IsRr=13+ 0.481=1.781 volts

In the design of a high-speed inverter circuit,
the value of the feedback resistor is usually chosen
so that the available voltage is divided equally
across this resistor and the primary of the base-
drive transformer. The voltage across the primary,
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Collector-current waveform for
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Vi, is determined, therefore, as follows:

Vnri i (05) (2) (VS - V(,"f(sat))
= (0.5) (2) (28 — 0.75) = 27.25 volts

The base-circuit input power, P, is determined
from equation 4 or from the product of the V" and
In as
P. = (1.781) (0.581) = 0.86 watt
If a transformer efficiency of 95% is assumed, the

power input to the base-drive transformer is found
to be

P/ = 0.86/0.95 = 0.902 watt
The primary current is determined to be I =
0.902/27.25 = 0.0332 amp. The feedback resistor,

Ry, is computed for a magnetizing current equal
to Illl'i:

Vi _ 2725
I, 00332

The value of the bias resistor R; (a resistive volt-
age-divider starting circuit is used) required to
produce 0.481 ampere of starting current is deter-
mined as follows:

Ry = = 820 ohms

R1 o jy.g A VBE(sat)

IB
8- 13 .,
(—)’48_1 — (31 Ohms

It now is possible to calculate the transistor col-
lector current on the basis of total power in the
inverter circuit, Pou” + Piv. The value obtained is

Ic = (262.5 + 0.902)/27.25 = 9.65 amps
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The impedance reflected into the primary of the
output transformer, R/, is computed on the basis
of this value of collector current:

Ry’ = 27.25/10 = 2.84 ohms
The ratio of the specified circuit load impedance,

R;, = 25 ohms, and this reflected impedance defines
the transformer turns ratio n»:

nd = Ry/Ry = 25/2.84 = 885
Ne = 2.98
On the basis of a transformer efficiency of 95%.

the magnetically dissipated power in the output
transformer is given by
Py = Pou, (100-95%) = 12.5 watts

For an operating frequency (f) of 50 kilocycles,
the Allen-Bradley type WO-3 ferrite core material,
or equivalent, is acceptable. From the manufac-
turer’s data sheet for the ferrite, the maximum
usable core temperature is 125°C. For linear opera-
tion at this temperature the flux density, By, should
be 1,000 gauss.

The core-loss factor p, for By = 1,000 gauss and
f = 50 kilocycles is given as

pw

— 2
= 9.4
B cm? cps

Thus, at 50 kilocycles, the frequency-dependent
core loss, p’, is calculated as follows:

I P = 3 _ mw
p (-1.2 o’ cps>')0 X 10% ¢ps = 160 o

The maximum temperature risc is
T = 125°C — 25°C = 100°C
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When the temperature-rise factor® of 3.2 mw/
¢m?°C. is used,
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The minimum core volume would be determined
from the core loss due to the temperature used and
is given as

"y

p .2 =

olume P 25
vV 1 = = =
0" 320

for a pair of C cores, type U2625C133A (Allen-
Bradley) or cquivalent, which have the following
dimensions:

arca = 2,04 cm?

length = 164 ¢m

volume = 40 cm?

The number of primary turns is then determined
by the following calculations.

= 39 em?

27.25 X 108

IX 5% 100 x 208 x 107 ~ 0> tums

1\"1, o
if N, = 6 turns, then N, = (6)(2.98)=218 turns

From the manufacturer’s data sheet, it is found
that for lincar opcration the value of H = 0.189
oersted should not be exceeded. This value corre-
sponds to a magnetizing current of

_(16.4)(0.189)

Iy = (1.26)(6.55) 0.376 amp

The transformer wire sizes should be selected to
prevent excess power dissipation and the primary
should be wound in a bifilar manner. The trans-
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former is constructed with a minimum amount of
tape applied to the core in order to reduce the core
temperature.
Drive-transformer calculations

The type RO3 (Allen-Bradley) rectangular-loop
ferrite core material, or equivalent, is suitable for
use in the base-drive transformer. The flux density,
B.., of the drive transformer should be 3,000 gauss
and the saturation ficld strength, H, should be 1

oersted.
The core loss factor for 3.000-gauss flux density
and 30-kilocycle operating frequency is given by

2y uw

= 63 -
P cn® eps

and the core loss at 50 kilocveles is found as
follows:

[

e’

ol =063 X 50 X 10* X 3.15

which is in excess of the factor for temperature rise
and thus determines the minimum usable core
volume.

On the basis of a transformer efliciency of 95%,
the magnetically dissipated power in the drive
transformer is given by
Py = Pin(100-95C¢) = 0.86 X 0.05 = 0.043 watt
the minimum volume is thus

Vol = = o (,)'”J‘_" = 0.0136 em?
o 3.15
To meet this minimun volume requirement, a
core type TO620H101A (Allen-Bradley) or equiv-
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alent, is chosen. This core has the following dimen-
sions:

area = 0.119 cm?
length = 1.53 cm
volume = 0.182 ¢m?

The number of turns in the primary, therefore.
should be

27.25 X 10®

Ve = 45X 100X 0.119 X 3000~ 5T

The turns ratio, n;, is determined as follows:

Rin, = 37 Oth,
R = 27.25/0.033 = 830 ohms

] 30
n,:- = %7 = 224

n, = 15
Therefore,
37.5
2 U oW
N, 5 2.5 turns

The saturation magnetic field strength, H,, is then
computed as
_ (126037)(0.033)

H, = 153 = 1.01 oersted

Thermal-resistance calculations

From equation 12 and using I¢zx = 20mA (from
data sheet), the average transistor dissipation is

P, = ,(2;’(2—0)11 [(0.7:’))(9.65) + 2(.020)(28)]

+

L (28)—(9-'65) = 8.65 watls

20 3

For a junction temperature of 125°C, the maximum
temperature rise is

AT = 125°C — 25°C = 100°C

The total junction-to-air thermal resistance includ-

ing heat sink, mounting and junction-to-case ther-
mal resistance is found to be

100

bi-e = 2%

= 11.6°C/W

For the 2N3265, the thermal resistance is
8, .= 1°C/IW

The mounting thermal resistance will be about
0.25°C/W. Thus, the heat sink

Ons_a = 11.6 — 1.25 < 10.35°C/W

Experimental results

The output transformer was constructed and the
leakage inductance as measured on a Q meter was
about 0.5 microhenry. From the previous calcula-
tions, the peak collector current is about 10 amperes

66

and the reverse base-to-emitter bias voltage is
about --2 volts. Data for the 2N3265 transistor
for reverse-bias second breakdown are shown on
page 58. For the operating peak collection current
and the measured transformer leakage inductance

more than 90% of the 2N3265 transistors will op-

erate without risk of reverse-bias second break-
down. The operating conditions for the con-
structed output transformer are well within the safe
area.

Also obtained from the 2N3265 data sheet is the
safe operating area for forward-bias second break-
down as a function of pulse duration (see page 58).
At the maximum collector-to-emitter operating volt-
age of 67 volts, the design is within the safe area
for forward-bias second breakdown for the 50-kilo-
cycle operating frequency (10-microsecond pulse
duration).

Both transformers were constructed with a min-
imum of tape to give as much surface area as pos-
sible so that the core temperature remains low.

The circuit diagram for the practical design is
on page 59. The values for the feedback resistance
and for the bias-starting resistance were arrived at
experimentally using the calculated values as a
beginning. The photograph on page 59 shows the
size of the completed circuit.

The output characteristics of the inverter as a
function of the load are shown on page 63. The
output characteristics are measured at the load at
the output terminals of the rectifier bridge. Thus.
the efficiency that is plotted is the total circuit effi-
ciency. The range of values indicated on the effi-
ciency curve (82% to 88%) takes into account the
transistor dissipation, transformer losses, rectifier-
bridge losses and all other circuit IR losses.

The experimental transistor load line for a load
resistance of 25.6 ohms and a supply voltage of 28
volts is shown on page 62. The area enclosed by
the load line shows that high dissipation occurs
during switching. This area is decreased somewhat
if slightly capacitive loads are used.

The collector current and voltage waveforms are
shown on page 64. The collector current waveform
exhibits the transformer saturation current. The col-
lector voltage waveform exhibits the voltage spikes
resulting from the transformer leakage inductance.
The collector current with an expanded time scale
showing the current rise and fall times is shown on
page 65.
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Sealed capsule contains completely reversible electrolytic system.

Components

Simple cell competes
with complex components

Reversible, reusable device generates delays, integrates and stores.

Its uses range from simple timer circuits to sophisticated memories

By Herbert Feitler

Bissett-Berman Corp., Santa Monica, Calif.

An electrolytic cell, no larger than a transistor. can
generate time delays. integrate pulses and store
signals. It performs timing and integrating func-
tions never before achieved with a simple low-
cost cell.

The device has no moving parts. Time is meas-
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ured as a function of current in an clectroplating
action. There is no decomposition of the electro-
lyte. When onc plating cycle is completed, the plat-
ing action may be reversed so that another plating
cycle can begin instantly. This reversible plating
action gives the device its versatility., The cell can
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Schematic of electrolytic cell shows a simple
plating system. A precisely known quantity of

metal atoms is transferred from anode to cathode,
and back again when current is reversed.

generate accurate time delays, or integrate pulses
for analog memory circuits, computer logic, and
sequential timing applications.

Performance

The device requires only microwatts of power,
obtainable from common batteries, to generate
time delays from seconds to weeks with accuracies
from =1% to 5%, even when operating over tem-
peratures ranging from —55° to 75° C. In this
range, the cell can store or integrate signals from
0.01 to 1,000 microamperes. Improved accuracies
to =0.1% are anticipated.

The cell is a sealed capsule that holds an elec-
trolytic solution and two or more electrodes. In
the sealed electrolytic system (diagram, above) is
a quantity of platable material that has been de-
posited on the anode. The solution contains ions
of the platable material. When the cell is con-
nected to a battery, material is transferred from
the anode to the bare electrode, or cathode. The
platable material goes into solution at the anode
and comes out of solution at the cathode.

During this electrolytic action, the voltage drop
of the cell typically is under 100 mv. When all of
the material has been transferred from one elec-
trode to the other, the cell’s voltage drop increases

500 —
-
—‘————
400 —
o3
[72]
585
wWe  300(
O v —
-
=382
3S=
Sa 200 —
ABRUPT VOLTAGE
CHANGE AS PLATING
100 TERMINATES
° |! |
TIME —»

Abrupt voltage change occurs at the
end of each plating cycle. The current is
held constant during the cycle.
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very rapidly. This is shown in the diagram at the
left. The increased voltage drop may be used to
fire a transistor or a silicon controlled rectifier, as
illustrated by a simple timing circuit shown on page
69. Both electrodes are identical, so either electrode
may be used as the anode or cathode. Because of
this symmetry, the cell’s action is reversible.

A solid-state component in parallel with the
cell not only provides an electrical output, but
limits the end-of-plating voltage drop to less than
0.5 volts. By thus limiting the voltage drop across
the cell, electrolyte decomposition is avoided and
the cell can be used again. Whether all the plat-
able material is transferred, as in generating a
time delay, or only part of the material is trans-
ferred, as in integration or analog memory applica-
tions, the cell instantaneously begins another cycle
when current flow through the cell is reversed.

Details of manufacture and electrolytic composi-
tion are proprietary information. The platable ma-
terial is silver. Cell preparation, particularly the
preparation of the electrode surface, is as im-
portant as the composition of the electrolyte. A sig-
nificant achievement has been to develop an elec-
trolyte that functions down to —55° C, where
most water-based liquids freeze.

Electronic clockworks

Resistance-capacitance networks have been used
to generate time delays and integrate or store in-
formation for fractions of seconds up to one min-
ute. Longer term analog memory or integration has
been accomplished by positioning a potentiometer.
Binary counters and clockwork mechanisms have
been used to generate time delays from minutes
to weeks. Both in concept and in practice, the
electrolytic cell allows long-term analog memory
and integration in a single component with no
moving parts. As a timing component, the new
timer generates delays at the upper end of the r-c
network range and over much of the binary counter
network range.

A simple timer

Electrolytic timer circuits may be as simple as
the one shown. A regulated power supply, current-
setting resistor(s), and a voltage sensing component
such as a silicon-controlled rectifier along with
electrolytic cell make up a complete timer that
occupies less than 0.5 cubic inches volume. The
timer weighs less than 0.5 ounces, has no moving
parts, and has withstood 6,000 g shocks. It operates
with 5 to 100 pa current from a 5.4 volt supply.

The length of time required to transfer a cert