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FILTERS

All types for
frequencies from
.1 cycle to
400 MC.

PULSE
TRANSFORMERS

From miniature block-
ing oscillator to
10 megawatt.

HIGH Q
COILS

Toroid, laminated, and
cup structures from
.1 cycle to 400 MC.

SPECIALTIES

Saturable reactors,
reference transformers,
magnetic amplifiers,
combined unit.

POWER
COMPONENTS

Standard and high tem-
perature . . . hermetic,
molded, and en-
capsulated.

plus
OVER 1,000
STOCK ITEMS
with UTC
High Reliability
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400 — telemeterinx, 3
db at -+ 0 db

at 230" and 760 -
5 x 134 x 2"

Wound core unit .01 mi-
cro-second rise time.

Tuned DO-T servo ampli-
fier transformer, 400
~ 5% distortion,

RF saturable inductor for
sweep from 17 MC
to 21 MC.

Multi-winding 140 VA,
KC power transformer
14 X 14 x 1”7
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15 — BP filter, 20 db at

30 —, 45 db at 100
~, phase angle at

CF less (han 3° from
—40 to +100°C,

Pulse current transformer
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Toroid for pnnted circuit,
Q of 90 at 15 KC.

Voltage reference trans-
former .05% accuracy.
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LP filter wlt 1 db to
49 KC, stable to .1 db
from 0 to 85°C., 45

db at 55 KC.

Pulse output to mafna-

tron, bifilar filament.

Dual lorold 0 of 75 at
10 KC, Q of 120
at 5 KC.

Multi-control ma(netic
amplifier for
airborne servo.

400 — scoce lrans'nrmer.

oPEGIAL APPLIGATIONS

The bulk of UTC production is on special units designed to specific cus- '
tomers' needs. lllustrated below are some typical units and some unusual '
units as manufactured for special applications. We would be pleased to

advise and quote to your special requirements.
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LP filter less than .1 db |
0 to 25 db

beyond 3 KC.

Precise wave shaape pulse
output, 2500 V. 3 Amps.

HVC tarped variable
inductor for 3 KC
oscillator,

Input, output, two tuned
interstages, peaking
network, and BP
filter, all in
one case.

60 — current limiting
filament transformer,
Sec. 25 Mmfd.,

30 KV hipot,
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The efticiency of solar energy converters is limited by the energy gap of the semiconductor

materials used. This is demonstrated by the diagram of the energy spectrum of the sun, which
§hows the amount of the spectrum utihized by materials with different energy-gap levels. This
is one of several factors which affect the performance of solar cells, as discussed on page 1246.
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DUAL

DlF “- DIELECTRIC

gives new BLACK BEAUTY® series of small, low-cost capacitors
outstanding performance characteristics

e withstand 105C operation with no voltage derating
e moderate capacitance change with temperature
o excellent retrace under temperature cycling
® superior long-term capacitance stability
e very high insulation resistance

NEW! .. DIFtM Type 160P
fully-molded case and Type
{ 161P pre-molded case capac-
{ itors in 5/16” to 1”7 diameters
for general commercial and
entertainment electronics.

NEW! . DIfiLtM Type 162P
slotted-base multi-purpose
molded case capacitors for
auto radios and other severe
vibration applications. Slot
prevents collection of moisture
around leads when capacitor
is end-mounted against chassis.

TYPE 1682P ?

® New DIFILM Black Beauty Capacitors represent
a basic advance in paper tubular capacitor design.
DIFILM Capacitors combine the proven long life of
paper capacitors with the effective moisture protection
of plastic capacitors ... by using a dual dielectric of
both cellulose and polyester film that's superior to all
others for small, yet low cost, capacitors.

® Just check the characteristics listed above. This
overall performance is fully protected by HCX®, an

exclusive Sprague hydrocarbon material which im-
pregnates the windings, filling all voids and pinholes

before it polymerizes. The result is a solid rock-hard
capacitor section, further protected by an outer mold-
ing of humidity-resistant phenolic. These capacitors are
designed for operating temperatures ranging up to 105°C
(221°F) . . . at high humidity levels , , . without voltage
derating!

For complete specifications on DIFILM Black Beauty Capacitors,
write for Bulletin 2025 to Technical Literature Section, Sprague
Electric Company, 235 Marshall Street, North Adams, Massachusetts.

SPRAGUE

THE MARK OF RELIABILITY

SPRAGUE COMPONENTS:

CAPACITORS * RESISTORS ® MAGNETIC COMPONENTS ® TRANSISTORS ® INTERFERENCE FILTERS ° PULSE NETWORKS

* HIGH TEMPERATURE MAGNET WIRE ¢ CERAMIC-BASE PRINTED NETWORKS ® PACKAGED COMPONENT ASSEMBLIES
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ADVERTISEMENT

This month’s
Research Group. “Rex”

SERIES V, No. 1

“advertisement’’ was prepared by Dr. C. J. Hubbard, of our

Hubbard's main preoccupation for some time has

been the subject of thermoelectricity. In this writeup he tells about an inter-
esting and possibly useful laboratory by-product of our research program.

THERMOELECTRICITY AND ESAKI DIODES

Some of us at AIL have recently been
intrigued by the difficulty of obtaining a
simple and efficient d.c. power supply for
equipment utilizing considerable numbers
of Esaki diodes and operating from the
a.c. power mains. The difficulty is that this
diode requires a bias of approximately one
hundred millivolts, which must be ex-
tremely ripple free. Since conventional
rectifiers do not operate with any degree
of efficiency in this low voltage region. one
is forced to find an alternative.

Possibly a nonlinear device can be
found that will rectify efficiently at the
hundred millivolt level; one is nonetheless
faced with a vary nasty filtering problem
due to the low impedance level involved.
To obtain stability, Esaki diodes must be
biased from an impedance substantially
lower than the negative resistance at the
diode operating point. Presently available
diodes display negative resistances be-
tween ten and one hundred ohms, and if
a substantial number are to be powered
simultaneously, the supply impedance
must be a small fraction of this, necessi-
tating inconveniently large filter condens-
ers.

An intriguing alternate solution to this
problem occurred to us in the course of a
program of research on various aspects of
thermoelectricity. We noted that a single-
stage semiconductor thermocouple, heated
by a resistance heater. would be uniquely
suited for use as just such a power supply.
In the first place, the output voltage would
be of the right magnitude with a quite
moderate hot junction temperature. Sec-
ondly. the output impedance would be ex-
tremely low. In fact, it is rather difficult
to build such a thermocouple with an im-
pedance higher than a few tens of milli-
ohms. Furthermore, due to the thermal
time constants of the materials involved,
the output should be virtually ripple free.

Nor is the thermoelectric converter at
a disadvantage in the matter of efficiency.
The efficiency of a conventional rectifier
power supply, together with the voltage
divider necessary to obtain a very low
voltage. turns out to be of the order of a
percent or two. On the other hand. a ther-
moelectric generator can easily be made
to deliver up to five or riore percent. de-
pending on the degree of impedance

4A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

match permitted by conditions of load
regulation and diode stability.

As an interesting (and possibly useful)
by-product of our rescarch. we decided to
build such a thermoelectric power supply.
The result is shown in the accompanying
illustration. approximately three quarters
life size, from which the simplicity of con-
struction is apparent. For a heater we used
a conventional 6.3 volt vacuum tube
heater. embedded in an iron capsule which
furnished the hot junction. The thermo-
elements are lead telluride. doped respec-
tively p and n type. and are used to sup-
port the heater assembly in a sandwich
arrangement held together by spring pres-
sure. One cold junction is electrically, but
not thermally. insulated from the can. and
is brought out to u stud at the top for one
output terminal. The other junction is the
can itself. The entire unit is hermetically
sealed to prevent oxidation of the thermo-
elements. and cooling fins were provided
as a precaution,

| 74
W%ﬁm

LONG

DEER PARK,

When completed. the generator fulfilied
our fondest expectations. Outputs of up to
240 millivolts were obtained (depending
on the heater voltage applied), and the
output impedance was approximately 20
milliohms at all outputs. The output ripple
was less than 10 microvolts. The effi-
ciency. when operating into a matched
load. proved to be approximately 5%.

I'he can temperature, when operated at
100 millivolts output. measured 35°C
(95°F). and rose to only 45°C at full out-
pul. showing that perhaps we were over-
cautious in appending fins. Incidentally.
this unit has been running continuously
for the last two months and shows no sign
of deterioration.

Another possible use for this power
supply. that has subsequently occurred to
us, is in conjunction with the single-stage
thermoelectric spot coolers that have re-
cently been introduced for use with crit-
ical electronic components. These tiny
refrigerators present load impedances of
a few milliohms, and require about one
hundred millivolts of direct current. The
mismatch between one of these and a con-
ventional power supply seems to be the
greatest drawback to their usefulness in
small numbers. Admittedly, the overall
coefficient of performance of a system
consisting of a thermoelectric cooler pow-
ered by a thermoelectric generator is
rather low. Nevertheless, the natural im-
pedance match between the two devices
may render this the most efficient method
of powering these coolers available at the
present time.

Perhaps some of our readers will think
of other uses for this interesting new
power supply. If so, we would certainly
appreciate hearing about them.

A complete bound set of our fourth series

of articles is available on request. Write to
Harold Hechtman at AlL for your sef.

o%my '

ISLAND, : .

Phone MYrtle 2-6100
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ALL UNITS ACTUAL SIZE

| HYRELFB

DEPOSITED CARBON RESISTORS
ARE UNMATCHED FOR

PERFORMANCE

TYPE 404E -
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HYREL® FB DEPOSITED CARBON RESISTORS
are hermetically sealed in ceramic jackets against moisture
and vapor . .. safely protected against mechanical abuse.
The Hyrel FB series is intended for applications in military, commercial
and telephone equipment where long life under high humidity,
small size, and stability of electrical characteristics are important.

WRITE FOR ENGINEERING BULLETIN 70108

SPRAGUE ELECTRIC COMPANY

235 MARSHALL STREET » NORTH ADAMS, MASS.

THE MARK OF RELIABILITY

Made to far exceed MIL-R-10509C Specifications

SPRAGUE COMPONENTS:

CAPACITORS « RESISTORS « MAGNETIC COMPONENTS « TRANSISTORS « INTERFERENCE FILTERS » PULSE NETWORKS

HIGH TEMPERATURE MAGNET WIRE + CERAMIC-BASE PRINTED NETWORKS «
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ASSIGNMENT: HIT A TARGET 6000 MILES AWAY

Can you guide a 110-ton Air Force Titan missile
far up into the sky, to bring its nuclear warhead
down with pinpoint accuracy on a target one-
fourth the way around the globe—a target you not
only can’t see but which continually
moves with the spinning earth?

This was the problem in missile
guidance the Air Force presented
to Bell Telephone Laboratories and
its manufacturing partner, West-
ern Electric. The answer was the

=

System keeps its master control equipment on the
ground where it can be used over and over again.
Thus a minimum of equipment is carried in the
missile, and the ground station has full control
of the missile during its guided
flight. Techniques drawn from the
communications art render the sys-

tem immune to radio jamming.
Bell Laboratories scientists and
engineers designed the trans-
mission and switching systems for

development of a command guid-
ance system which steers the Titan
with high accuracy.

Unlike self-contained systems
which demand complex guidance
equipment in the missile itself, Bell
Laboratories Command Guidance

the world’s most versatile telephone

network, developed much of our
nation’s radar, and pioneered in

missile systems. From their vast
storehouse of knowledge and ex-

perience comes the guidance system

for the Titan.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT



HIGH SPEED SILICON COMPUTER DIODES with uniformly typical recovery time of 2 millimicro-

seconds were first made available in commercial quantities one year ago by Microwave Associates.

Today, Microwave Associates silicon mesa switching diodes are setting the computer industry standard.
Extremely low reverse leakage (even at elevated temperatures), excellent forward characteristics, and superb
reliability under severe mechanical and environmental conditions make these diodes suitable for a very wide
range of applications. Major users have called these diodes excellent “‘universal switching diodes."

Production quantities are now replacing germanium and silicon computer diodes of both standard and newer
types. They are priced competitively for large volume orders and delivery is off-the-shelf.

Faster, more sophisticated diodes for tomorrow’'s computers are on the way from Microwave Associates.
Our leadership in this field is the result of years of experience with silicon semiconductor devices which
operate at tomorrow’s speeds. This experience, added to your own, will accelerate your computer progress.

MICROWAVE ASSOCIATES, INC.
SEMICONDUCTOR DIVISION

Burlington, Massachusetts
BRowning 2 3000 + TWX Burlington, Mass. 942
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- TNC
CONNECTORS

Two big advantages—vibration-resistant TNC coupling

and fast, reliable Quick-Crimp assembly—are combined for

the first time in a new RF connector family, AMPHENOL
Quick-Crimp TNC connectors. The TNC threaded coupling
design, developed primarily for missile and aircraft applications
eliminates the “rock” inherent in bayonet coupled connectors,
such as BNC. AMPHENOL’s Quick-Crimp principle applied to the
basic TNC design allows improved electrical and mechanical
performance, and extremely fast, reliable assembly.

If you mow are using either BNC or ordinary

TNC designs, AMPHENOL Quick-Crimp TNC’s are highly
recommended as replacement. Send now for cataloging!

*u.s. PaTs. PEND,

CONNECTOR DIVISION

1830 SOUTH 54TH AVENUE, CHICAGO, ILLINOIS
Amphenol-Borg Electronics Corporation

'World Radio Histol
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@ As o service both to Members and the
industry, we will endeavor to record in this
column each month those meetings of IRE,
its sections and professional groups which

include exhibits.
A

August 1-3, 1960

Fourth Global Communications Sym-
posium, Hotel Statler, Washington,
D.C.

Exhibits: Mr. Robert FF. Brady, Office of
the Chief Signal Officer, UL S Army
Signal Corps, Pentagon, Washington,
D.C.

August 23-26, 1960
WESCON, Western Electronic Show
and Convention, Memorial Sports
Arena, Los Angeles, Calif.
Exhibits: Mr. Don Larson, WESCON,
1135 LaCienega Blvd., Los Angeles,
Calif.

September 9-10, 1960
Conference on Communications, To-
morrow’s Techniques—A Survey.
Roosevelt Hotel, Cedar Rapids, lowa.
Exhibits: Mr. D. 0. McCoy, 2315 Blake
Bivd., Cedar Rapids, lowa.

September 19-22, 1960
National Symposium on Space Elee-
tronics & Telemetry, Shorcham
Hotel, Washington, D.C.
Exhibits: Mr. Leon King, Jansky and
Bailey, Inc., 1339 Wisconsin Ave,
N.W., Washington, D.C.

October 3-5 1960
Sixth National Communications Sym-
posium, Hotel Utica & Utica Munici-
pal Auditorium, Utica, N.Y.
Exhibits: Mr. R. E. Bischoff, 19 West-
minster Road, Utica, N.Y.

October 10-12, 1960
National Electronics  Conference,
Hotel Sherman, Chicago, 111
Exhibits: National Electronics Confer-
ence, Inc., 228 North La Salle St., Chi-
cago 1, 11

October 19:21, 1960
Symiposium  on_ Space Navigation.
Deshler-Hilton llotel & Civic Center,
Columbus, Ohio
Exhibits: Mr. William P. MecNally, 35
Laurel St., Floral Park, L.1., N.Y.

October 24-26, 1960
East Coast Aeronautical & Naviga-
tional Electronics Conference, Lord
Baltimore lHotel, Baltimore, Md.
Exhibits: Dr. larold Schutz, Westing-
house Electric Corp., Air Arm Div,,
P.0. Box 746, Baltimore, Md.

October 26-28, 1960

Fifth Annual Conference on Non-
Linear Magnetics and Magnetic
Amplifiers, Bellevue-Stratford Hotel,
Philadelphia, Pa.

Exhibits: J. 1. Whitlock Associates. 6044
Ninth St., North, Arlington 5, Va.

(Continued on page 104)
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wav Ligna-Sweep SKV
SWEEPING OSCILLATOR :
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Cat. No. 935-A 1
AUDIO—VIDEO—VHF...IN ONE INSTRUMENT! |
* FREQUENCY RANGE—200 CPS TO 220 MC. * LINEAR AND LOGARITHMIC SWEEPS. %
* SWEEP REPETITION RATES FROM 0.2 TO 60 CPS. * AUDIO SWEEP—200 CPS TO 20,000 CPS. d

¢ 3 Highly Stable Video Bands—-1 ke to 12 mc., Variable or in Single Sweep.

® RF Output of 1 Volt rms into 70 Ohms .5 db Over Widest Sweep Width,
L]
L]

1

B Narrow Customer Selected Fixed Frequency Bands—20 ke to 12 mc,
9 Fundamental Frequency, Wide VHF Bands—10 mc to 220 mc,

X
SPECIFICATIONS i The wide range of frequency and repetition rate in the :
VARIABLE FREQUENCY RANGES: .5-12 mnc, .1-12 me, 10 ke-12 e, Ligna-Swceep Model SKV make it ideally suited for {
10-220 mc (9 bands) alignment and testing of a wide variety of electronic ¢
FIXED FREQUENCIES: Up to max. of 8 center frequencies (20 ke | instruments—audio amplifiers, filters, communication @
to 12 me—Customer selected) I receivers, radar IF channels, TV receivers and trans-
AUDIO RANGE: 200 cps to 20 ke. | mitters.

SWEEP WIDTHS: Selected for maximum stability 1-10 me on .5-12 L. .
me band; .2-2 mc on .1-12 mxf~ band; 20-200 ke on 10 ke-12 me The unit is stable and carefully shielded and filtered to
band; 6% to 60% of . 10 50 mc and 3 me : : . :
UL {i)‘_%gée,ﬁ{einfﬁl' 220 kzuol;mﬁxed"tl;e::)uggcliz; [ prevent spurious signals on beat frequency video bands.

gy e 0K A Y R R AR R SRS T W A Y TR T

and audio range. [ A wide range of sweep repetition rates makes viewing
OUTPUT LEVEL: Continuously variable from 1 volt rms down to | easy on conventional oscilloscopes, Low repetition rates
5 db helow 1 volt, +35 didest sweep. AGC. Audi : . . :
, O e b YO pe, OVer Widest sweep. AGC. Audio used with long persistence screens permit study of high

. . dircuitry. LF limits ) N cervati
IMPEDANCE: 70 ohms nominal (50 ohms on request), Audio range: Q (“Cl_l_lt,'“ ,,l F limits Of !mn(l bt ,d"d, observation
600 ohms, | of the "ring” characteristics of tuned circuits.

i
SWEEP OUTPUT and REPETITION RATES: Sawtooth for horizontal | X
deflection of oscilloscope. Approx. 7 volt~ peak to peak—Out- »
put Impedance 1000 ohms nom.: fixed 60 cps, line locked: <
i fixed 30 cps. logarithmic (tor wudio and video application) 3 be ® ]
@ cont. var, ranges—.2-1 ¢ps, 13 ¢ps, 5-30 ¢ps. lyﬂﬂ. ngp MODEL CP o
MARKERS: Swept signal available for operation of [I'ari-Marker i';
SKIT Generator. SWEEPING OSCILLATORS -
Optional Internal Markers. Luvited number of sharp, erystale | . . . B R ) X ]
contralled pulse-type markers at customer specified frequencies Cat. “"r', e ’.._\0"({(')""{]6 Eant{lihet\\ eeg 100] ke and 2151\f"°‘ |

can he provided.” ’lease inquire hefore ordering, rice: §$750. -0.b. factory, 18 pulse-type markers
avail. at customer specitied freq., $17.00 each. |
POWER SUPPLY: Tnput approx. 220 Watts, 117v (£10%). 50-60 Cat. No. 932.18: Continuous coverage from 100 ke—150 me. |
cps. B+ electronic regulation. | I’rice: $730.00 fo.b, factory. 18 pulse-typeh markers |
. avail. st itied .. $17.00 each. |
l'llI(IF.i) 39105.00 f.o.h. factory, Fixed freq bands add $17.00 per | EXGEHE GO G T R T R oY G |
and, .

WRITE FOR NEW KAY CATALOG

SEE US AT THE WESCON SHOwW ]
4
BOOTHS #2062, #2063 KAY ELECTRIC COMPANY
DEPT. 1-7, MAPLE AVENUE, PINE BROOK, N. J. CApitol 6-4000 ;
<
]
R2aT (KA Y R R e e SRR R T T et O KA Y R R R R T KAY 11 o =4
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AUGAT

COMPLETE LINE OF
SOCKET ASSEMBLIES
FOR MICRO-MINIATURE

RELAYS

Combining Holding Clip And
Built-In Socket For Unmatched
Reliability Under Severe Condi-
tions Of Shock And Vibration.

HORIZONTAL MOUNTING
(Solder Cup Contacts)

HORIZONTAL PRINTED /}
CIRCUIT MOUNTING -

:/;///\_ /

VERTICAL MOUNTING
(Solder Cup Contacts)

VERTICAL PRINTED
CIRCUIT MOUNTING

SOCKET ONLY WITH
MOUNTING SADDLE
(Solder Cup Contacts or
Printed Circuit Pins)

Patent Pending

These assemblies will accomodate
Micro-Miniature relays as manufac-
tured by G. E., Elgin, Sigma, Allied,
Potter & Brumfield, Clare, Iron Fire-
man, Babcock and many others.

For additional information
write for catalog RS-160

AUGAT BROS., INC.

i

.© Meetings /i
with Exhibits

Oct. 31-Nov. 2, 1960
13th Annual Conference on Elec-
trical Techniques in Medicine &
Biology. Sheraton-Park llotel. Wash-
ington, D.C.
Exhibits: Mr. Lewis Winner, 152 West
42nd S, New York 36, N.Y.

November 14-16, 1960
Mid-American Electronies Conven-
tion (MAECON), llote] Muehlebach,
Kansas City. Mo.
Exhibits: Dr. L. R. Crissman, Trans
World Airlines, Kansas City, Mo.

November 15-17, 1960

Northeast Electronies Research & En-
gineering Meeting (NEREM), Bos-
ton Commonweaith Armory, Boston,
Mass,

Exhibits: Miss Shirley Whitcher, IRE
Boston Office, 73 Tremont St., Boston.
Mass,

December 1-2, 1960
PGVC Annual Meeting, Sheraton Ho.
tel. Philadelphia, Pa.
Exhibits: Mr. E. B. Dunn, Atlantic, Re
fining Co.. 260 3. Broad st., Philadel-
phia 1, Pa.

December 11-14, 1960
Eastern Joint Computer Conference,
Hotel New Yorker. New York., N.Y.
Exhibits: Mr. Aan D. Meacham, 120 E.
41st St., New York 17, N.Y.

January 9-11, 1961
Seventh National Symposium on Re-
liability and Quality Control in
Flectronies, Bellevue-Stratford Hotel,
Philadelphia, Pa.
Exhibits: Mr. James H. Goodman, Bur-

roughs Research Center, Building =3,
Room 3307, Paoli. Pa.

Harch 20-23, 1901
International Radio and Electronies
Show, Waldorf-Astoria Hotel and New
York Coliseum, New York, N.Y.
Exhibits: Mr. William C. Copp. Institute
of Radio Engineers, 72 West 15th
Street. New York 36, N.Y.

April 26-28 1901
Seventh Region Technical Confer-
ence and Trade Show, Westward
Ho Hotel. Phoenix, Ariz
Exhibits: Dr. Frank Holman, Boeing
Airplane Co.. 10708 39th Ave.. S.W.,
Seattle 66. Wash,

A

Note on Professional Group Meetings:
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these

VOLTRAN®

IN Ay
W

SEMICONDUCTORIZED

VOLTAGE REGULATED

POWER SUPPLIES

. . . permits instantaneous line transi-
ent absorption, protects transistor cir-
cuitry and provides superior perform.
ance. Models up to 100 volts and 10

amperes. Write for literature R3

A vLoner Desjons i,

WESTBURY, NEW YORK
EDgewood 3-6200

Send for your FREE

1960
CATALOG

. HIGH FIDELITY | ==
- HAM RADIO

- MARINE

- INSTRUMENTS

Over 150 do-it-yourself electronic kits
are illustrated and described in this
complete Heathkit Catalog.
DO-IT-YOURSELF ... IT'S FUN
IT'S EASY & YOU SAVE UP TO 1!

 m— )
HEATH COMPANY | DAYSTROM
« v
Benton Harbor 4, Michigan

Please send the FREE Heathkit Catalog

NAME
groups are asked to send advance data to
31 Pe"y Avenue this column for publicity information.
You may address these notices to the ADDRESS _ -
Attleboro, MOSSOChUSE"S Advertising Department and of course =
listings are {ree to IRE  Professional eIy ZONE__ STATE
See you af the Wescon Show Booth #2840. Groups.
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At The Ramo-Wooldridge Laboratories...
integrated programs of research & development
of electronic systems and components.

The new Ramo-Wooldridge Laboratories in Canoga Park provide
an environment for creative work in an academic setting. Here,
scientists and engineers seek solutions to the technological prob-
lems of today. The Ramo-Wooldridge research and development
philosophy places major emphasis on the imaginative contribu-
tions of the members of the technical staff.® There are outstanding
opportunities for scientists and engineers. Write Dr. Richard C.
Potter, Head, Technical Staff Development, Department 31-G.

“ THE RAMO-WOOLDRIDGE LABORATORIES
®

8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA

N -

An electron device permits scientists to study the behavior of charged dust particles held in suspension.
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KENNEDY CYCLOCONIC
MOUNTING

an advanced concept
in antenna mounting

KENNEDY Cycloconic mounting has several signifi-
cant advantages over conventional two-axis arrange-
ments. With the Cycloconic method of mounting re-
flectors, two axes are provided, one vertical (azimuth)
and one non-orthogonal (inclined) to the vertical. The
reflector axis is at an angle to the inclined axis. By
combination of rotations any direction of pointing
may be achieved.

Cycloconic mounting eliminates the need for
mechanical stops or limit switches. The large working
diameters on both axes insure high angular accuracy.
Continuous unidirectional motion about the azimuth
and inclined axes provides meridian scanning with
simple harmonic motion of the antenna beam.

The inclined axis of the Cycloconic mount provides
a convenient ‘“Vernier” for measurement of true
elevation angle. For example, in satellite tracking low
angle passes of short duration can yield quite precise
elevation data.

The inherent stability and absence of mechanical
limits of the Cycloconic mount result in a high survival
capability under extreme environmental conditions.
This extra ruggedness and rigidity make it ideal for
mounting large antennas for radio telescopes. Dishes
from 300 feet in diameter up may be Cycloconic
mounted with total dependability. Loads on the
antenna from dead weight, inertia and wind are
handled with positive reliability.

KENNEDY Cpycloconic mounts may be custom
made to meet your specific requirements. They are the
products of D. S. KENNEDY & CO., designers and
builders of more tracking antennas, tropo-scatter
systems and radio telescopes than anyone else in the
field. The backlog of structural design and antenna
technology gained through more than 15 years of
activity in antenna installations has been applied to
the design of this advanced mounting technique. You
can consider Cycloconic mounting for your application
with complete confidence. It will meet your highest
performance standards.

Kennedy gives you experience you can’t buy elsewhere.

Antenna Division, Cohasset, Mass.

D D. S. KENNEDY & CO.  Fvergreen3-1200 Twx COH 311

Anchor Metals Division, Hurst, Texas
(Fort Worth) ATlas 4-2583

TRACKING ANTENNAS « RAOIO TELESCOPES + RADAR ANTENNAS o SCATTER COMMUNICATIONS ANTENNAS « MICROWAVE RESEARCH ANO OEVELOPMENT o TRANSMISSION TOWERS « SWITCHYARO STRUCTURES
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I low cost germanium general purpose
transistors give you 250 mw dissipation

... With
beta spreads
as low as 2:1

by DC FORWARD CURRENT TRANSFER RATIO

Available in commercial production quantities, TI 2N1372
series germanium P-N-P alloy transistors make possible
low-cost applications that provide linear beta, high power
gain and low distortion characteristics. These general pur-
pose economy transistors are especially suited for your
medium frequency switching circuits, audio amplifiers and
motor control applications.

NORMALIZED COMMON-EMITTER DC FORWARD CURRENT TRANSFER RATIO vs COLLECTOR CURRENT

NOTE: hyy NORMALIZED TO 1 AT I_ = 50 mo

Fully automatic testing and classification by CAT (Central-
ized Automatic Testing) completely eliminates human error
and assures uniformity and reliability... ideal for your
production assembly and testing requirements.

Evaluate the specifications below and contact your nearby
TI distributor or TI sales office for the devices most suited
to your particular requirements.

rmcximum ratings at 25° € ambient 2N1372 2N1373 2N1374 2N1375 2N1376 2N1377 2N1378 2N1379 2N1380 2N1381  Unit
] Collector—Base Voltage -25 ~-45 ~-25 -45 ~-25 -45 - =25 -12 =25 v
Collector Current ~200 =200 200 ~200 =200 =200 =200 -200 -200 -200 ma
| Total Device Dissipation 250 250 250 250 250 250 250 250 250 250 mw
I Storage Temperature Range -~55 to 4100 °;
| electrical characteristics at 25° C ambient
I¢so Collector Reverse Current
I “(Veg=-1v 1g=0) (max) -7 ~14 ua
[ (Veg = =20v g =0) (max) -7 -7 -7 -7 -7 -7 -7 -14 ua
(Veg = =15 1g=0) (typ) -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 pa
i hre dc Forward Current Transfer Ratio* (min) 30 30 50 50 75 75 95 95 30 30
I Vee = -lv g = —50 ma) (typ) 45 45 80 80 95 95 200 200 100 100
(max) 95 95 150 150 150 150 300 300 300 300
I fa, Common-Base Alpha-Cutoff
| Frequency (typ) 15 1.5 2 2 2 2 3 3 2 2 mc
(Ve = -5v ¢ = —1ma)
I Noise Figure 1000 cpst typ) 10 70 6.5 6.5 5.5 55 4 4 5.5 55 db
| *Tolerance on all values £ 10% for test set correlation. tConventional noise compared to 1000 cps and 1 cycle bandwidth.

GERMANIUM TLANSISTOR APPLICATION NOTE
1N2070

High
Resistance

Sensing
Unit

Relay Potter & Brumfield
LB5, SPDT, ? ma
or equivalent

CAll resistors Va2 watt unless noted otherwise )

Write on your company letterhead for complete high resistance sensing circuit application report,

DESIGN LEADERSHIP
IN QUALITY
GERMANIUM TRANSISTORS

TEXAS

INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
13500 N. CENTRAL EXPRESSWAY

POSTOFFICE BOX 312 + DALLAS,TEXAS




IRE News and Radio Notes

CURRENT IRE STATISTICS
(As of Mav 31, 1960)

Membership—81,833
Sections*—107
Subsections*—26
Professional Groups*—28
Professional Group Chapters:
Student Branchest— 191

209

* See May, 1900, issue lor a list.
1 See this issue for a list.

Calendar of Coming Events
and Authors’ Deadlines*

1960

Ann. Symp. on Computers and
Data Processing, Stanley Ilotel,
Estes Park, Colo., July 28-29.

Global  Communications Symp.,
Hotel Statler, Washington, D. C.,
Aug. 1-3.

AIEE Pacific Gen. Mg, El Cortez
Hotel, San Diego, Calif,, Aug. 9-12.

WESCON, Los Angeles Mem, Sports
Arena, Los Angeles, Calif.,, Aug.
23-26.

Int’l. Information Theory Mtg., London,
Eng., Aug. 29-Sept. 2.

Int’l Conf. on Electrical Engrg. Educa-
tion, Sagamore Conf. Center, Syra-
cuse Univ., Syracuse, N. Y., Sept.

EIA Cont. on Value Engrg., Disnevland
Hotel, Anaheim, Calif., Sept. 7-8.

URSI 13th Gen. Assembly, Univ. of
London, London, Eng., Sept. 5 15.

Joint Automatic Control Conf., M.L.T.,
Cambridge, Mass., Sept. 7-9.

Conf. on Communications, Roosevelt
Hotel, Cedar Rapids, Iowa, Sept.
9-10.

4th Ann. Joint Mil. Ind. Electronic Test
Equip. Symp., Chicago, Ill., Sept.
14-15.

8th Ann. Engrg. Management Conf.,
Morrison Hotel, Chicago, Ill., Sept.
15-16.

Benelux Section-PGCS Int'l Symp. on
Data Transmission, Delft, Nether-
lands, Sept. 19-20,

Space Electronics and Telemetry Conv.
and Symp., Shoreham Hotel, Wash-
ington, D. C., Sept. 19-22.

Industrial Elec. Symp., Manger Hotel,
Cleveland, Ohio, Sept. 21-22,

10th Ann. Broadcast Symp., Willard
Hotel, Washington, D. C., Sept.
23=24.

Sixth Natl. Communications Symp.,
Hotel Utica and Utica Municipal
Aud., Utica, N. Y., Oct. 3-5. (DL*:
June 1, B. H. Baldridge, 25 Bolton
Rd., New Hartford, N. Y.)

PGNF 7th Ann. Mtg, Gatlinburg, Tenn.,
Oct. 3-5.

6th Conf. on Radio Interference Reduc-
tion, Chicago, Ill., Oct. 4=6.

Natl. Elec. Conf., Hotel Sherman, Chi-

cago, Ill.,, Oct. 10-12. (DL*: May

1960 Prof. T. F. Jones, Jr., School

of E.E., Purdue Univ., Lafayette,

Ind.)

* DL = Deadline for submitting ab-
stracts.

7th

Sth

(Continued on page 154)
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ELEcTRON Divicrs MEETING
[sstvEs CALL FOR Parirs

The annual technical mecting of the
Professional Group on Electron  Devices
will be held on October 27 and 28, 1960 at
the Shoreham Hotel in Washington, D. C.

Aninformative abstract of approximate-
Iy 200 words will he required for cach paper
to be considered for presentation at the
meeting. Final deadline for acceptance of
abstracts is August 1, 1960, but earlier sub-
mission is requested, if possible. Abstricts,
including an original and four copies, should
be scut to the technical program chairman,
. Wo Welch, Jr., Motorola, Inc., 8201
L. MeDowell Rd., Scottsdale, Ariz.

Papers to be presented at this meeting
should deal with material of an applied or
development nature in the broad field of
electron  devices. This includes electron
tubes, sennconductor devices, masers, tun-
nel diodes, parametric amplifiers and other
solid state device conligurations. "This meet-
ing is intended not to overlap with the
Rescarch Conferences, which comprise pa-
pers dealing with new ideas and concepts.
Papers for this meeting should be concerned
primarily with the device itself, or important
new device technology, rather than with its
application or circuitry, except insofar as
circuitry is built into the device itself.
Papers related to microelectronics will he
welcome if they are specifie in nature and
deal with the active device.

The Chairman of the General Commiittee
is Dr. J. AL Hornbeck, Bell Telephone Labs.,
Murray Hill, N J. Other members of the
General Committee are Dr. C. . Marsden,
Jr., National Bureau of Standards, l.ocal
Arrangements; Dr. E. L. Steele, National
Burcau of Standards, Local Arrangements;
Dir. 1. 1., Steele, National Bureau of Stand-
ards, Publications; and H. S, Renne, Bell
Telephone Labs., Publicity.

PGXNS Howlos SeviExTh
ANNUAL MEETING

The Scventh Annual Meeting of the
Professional Group on Nuelear Science of
the Institute of Radio Engincers is to he
held in Gatlinhurg, Tenn. on October 3-§,
1960. The meeting, jointly  spousored
by PGNS and Oak Ridge National Labora-
tory. will feature papers on Solid State
Radiation Detectors and low noise ampli-
fiers, and their applications to nuclear sci-
ence. lixhibits, appropriate to the meeting
theme, will be on display and a tour of the
ORNL “Project Sherwood™ Thermonuelear
Facilities will he available to those interested.

The title and an approximately fifty-
word deseription of papers appropriate to
the above theme must be submitted by
August 1, 1960 to: H. k. Banta, Oak Ridge
National Laboratory, P. O. Box “X,” Oak
Ridge, Tenn.

Call for Papers ’

1961 1RE INTERNATIONAL CONVENTION
March 20-23, 1961
Waldorf-Astoria Hotel and New York Coliseum, New York, N. Y.

Prospective authors are requested to submit all of the following information by:

| October 21, 1960

1. 100-word abstract in triplicate, title of paper, name and address
2. 500-word summary in triplicate, title of paper, name and address |

| 3.

Aeronautical & Navigational Electronics
| Antennas & Propagation
| Audio
| Automatic Control
Bio-Medical Electronics
Broadcast & Television Receivers
Broadcasting
Circuit Theory
Communications Systems
‘ Component Parts
Education
Electron Devices
Electronic Computers
I Engineering Management

Indicate the technical ficld in which your paper falls: '

Engineering Writing & Speech |
Human Factors in Electronics
Industrial Electronics

Information Theory

Instrumentation

Microwave Theory & Techniques
Military Electronics |
Nuclear Science

Production Techniques

Radio Frequency Interference
Reliability & Quality Control
Space Electronics & Telemetry
Ultrasonics Engineering !
Vehicular Communications

NotE: Only original papers which have not been published or presented prior to
| the 1961 IRE International Convention will be considered; any necessary military

or company clearance of paper is to be granted prior to submittal.

Address all material to: Dr. Gordon K. Teal, Chairman

1961 Technical Program Committee
The Institute of Radio Kngineers, Inc.
‘ 1 East 79 Strect, New York 21, N. Y

S
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NATIONAL SCIENCE ACADEMY
ELEcTs 4 IRE MEMBERS;
NAMES BERKNER TREASURER

The National Academy of Sciences
elected 35 members, among them 4 IRE
members, in April. .\t the same time, Lloyd
V. Berkner (A'26-M'34-SM'43-F'47) was
named treasurer of the Academy.

IRE members chosen as members of the
Academy are Allen V. Astin (SM'50-F’54),
Director of the National Bureau of Stand-
ards, Washington, D. C.; Nicolaas Bloem-
bergen (SM'58), Professor of Applied Phys-
icz, Harvard University, Cambridge, Mass.;
Henry G. Booker (SM'45-F'53), Professor
of Electrical Engineering, Cornell Univer-
sity, Ithaca, N. Y.;and Jerome B. Wiesner
(8'36-A"10-SM'38-F’52), Director of the
research laboratory for electronics, Massa-
chusetts Institute of Technology, Cambridge,
Mass.

CALL FOR PariRrs, 6TH ANNCAL
MAGNETISM AND MAGNETIC
MATERIALS CONFERENCE

The Sixth Annual Conference on Mag-
netism and Magnetic Materials will be held
in New York City, November 14-17, 1950,
at the New Yorker Hotel. This conference
is sponsored jointly by the AIILE and the
American Institute of Physics, in coopera-
tion with the Office of Naval Research, the
IRE, and the Metallurgical Society of the
AIME.

Authors should submit titles and ab-
stracts of proposed papers by August 26 to
A, M. Colgston or R. C. Fletcher, Program
Chairmen, Bell Telephone Laboratories,
Murray Hill, N. J. Further conference de-

tails can be obtained from the lLocal Chair-
man, L. R. Bickford, Jr., LB.M. Research
Center, Yorktown lleights, N. Y.

PURDUE To SPONSOR
FaLL SyMrosits

A two-day Symposium on Engineering
Applications of Probability and Random
Function ‘Theory sponsored by TPurdue
University will be held November 15-16,
1960, at lafayette, Ind. The symposium
will stress applications of probability and
random function theory to problems associ-
ated with factors of safety in structures,
reliability of structures and systems, optimi-
zation of systems of all types which are
stbject to random disturbances, jet and
rocket engine noise fields and traffic control.
Professors M. Kac of Cornell, A. J. F.
Siegert of Northwestern, and E. W. Mon-
troll of the University of Maryland have
already agreed to participate. A detailed
program will be released shortly.

Requests for further information should
be addressed to cither |. 1.. Bogdanoff or F.
Kozin, co-chairmen of the Symposium,
Division of lingineering Science, Purdue
University, Lafayette, Ind.

1.As VEGAS SECTION
EstasrLisHep By IRE

On April 21, 1960, the IRE Executive
Commiittee approved the establishment of
a new IRl Section, to be known asthe
f.as Vegas Section, to encompass Clark
and Nye counties in the State of Nevada.

Dr. Marvin Chodorow (left), Director of Microwave Laboratory, Stanford University, is shown presenting
one of the early klystrons developed by the Varian Brothers to Dr. Donald A, Shelley (right), Director of the
[‘:dls()l\ Institute. The presentation was made in the presence of Dr. L. J. Giacoletto (center), Manager of the
Ilectronics Deparun(-n(: Fo_rd Motor Co. Scientific Laboratory, who is Chairman of the Detroit Section. during a

special meeting of the
Dearborn, Mich, The k

ction held in cooperation with the Henry Ford Museum and the Greentield Village of
ystron will be part of a special exhibit of velocity modulation devices which will be on

display at the Henry Ford Muscum during the summer month~, (Photo courtesy of the Henry Ford Museum,

Dearborn, Mich,)
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Calendar of Coming Events
and Authors’ Deadlines*
Continued from page 144)

2nd Natl. Ultrasonics Symp., Boston,
Mass., Oct.

Engrg. Writing and Speech Symp., Bis-
mark Hotel, Chicago, Ill., Oct. 13-14.

Symp. on Space Navigation, Deshler-
Hilton Hotel, Columbus, Ohio, Oct.
19-21, (DL*: July 15, J. D. Kraus,
Ohio State Univ. Radio Observatory,
Columbus.)

East Coast Conf. on ANE, Lord Balti-
more Hotel, Baltimore, Md., Oct.
24=26. (DL*: June 6, S. Hershfield,
The Martin Co., Baltimore, Md.)

Sth Ann. Conf. on Nonlinear Magnetics
and Magnetic Amplifiers, Bellevue-
Stratford Hotel, Philadelphia, Pa.,
Oct. 26-28.

Electron Devices Mtg., Hotel Shore-
ham, Washington, D. C., Oct. 27-29.

13th Ann. Conf. on Elec. Tech. in Med.
and Bio., Sheraton Park Hotel,
Washington, D. C., Oct. 31, Nov.
1-2.

Radio Fall Mtg., Hotel Syracuse, Syra-
cuse, N. Y., Oct. 31, Nov. 1-2.

Symp. on Communications, Queen
Elizabeth Hotel, Montreal, Quebec,
Canada, Nov. 4~5.

Symp. on Space Instrumentation, Wash-
ington, D. C., Nov. 8-9.

6th Ann. Conf. on Magnetism and Mag-
netic Materials, New Yorker Hotel,
N. Y., N. Y, Nov. 14-17. (DL*:
Aug. 26, A. M. Clogston, R. C.
Fletcher, Bell Tel. Labs., Murray
Hill, N. J)

Mid-Amer. Elec. Conv., Hotel Muehle-
bach, Kansas City, Mo., Nov. 15-16.
(DL*: June 15, J. Austin, Bendix
Aviation Corp., 95 and Troost,
Kansas City, Mo.)

PGPT Ann. Conf., Boston, Mass., Nov.
15-16. (DL*: June 1, C. W. Watt,
Raytheon Co., Waltham, Mass.)

Symp. on Engineering Applications of
Probability and Random Function
Theory, Purdue University, Lafay-
ette, Ind., Nov. 15=16.

1950 NEREM (Northeast Electronics
Res. & Engrg. Mtg.), Boston, Mass.,
Nov. 15-17.

PGVC Ann. Mtg., Sheraton Hotel,
Philadelphia, Pa., Dec. 1-2, (DL*:
July 15, W. G. Chaney, American
Telephone and Telegraph Co., 195
Broadway, N. Y. 7, N. Y.)

3+ EIA Conf. on Maintainability of
Electronic Equipment, Hilton Hotel,
San Antonio, Tex., Dec. 5-7.

Eastern Joint Computer Conf., New
Yorker Hotel, New York, N. Y., Dec.
13-15. (DL, papers: Aug. 13, E.
Kubie, Computer Usage Co., 18 E.
41 St., N.Y. 17, N. Y.

1961

7th Natl. Symp. on Reliability and Qual-
ity Control, Bellevue-Strafford Ho-
tel, Philadelphia, Pa., Jan. 9-11
(DL*: May 9, 1960, R. E. Kuehn,

IBM Corp.,, Owego, N. Y.) 1961.
Solid  State  Circuits Conference,
University of Pennsylvania and

Sheraton Hotel, Philadelphia, Pa.,
February 15~17 (DL*: Oct. 14, 1960,
J. J. Suran, Bldg. 3, Rm. 115 GE
Co., Electronics Park, Syracuse,
N.Y.)

* DL = Deadline for submitting ab-
stracts.
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Dr. Yasujiro Niwa (\'53-F'54), Presi-
dent of Tokyo Electrical Engineering Col-
lege and former Vice President of the IRE,
was presented the
Order of Culture by
the Emperor of Japan
on November 3, 1959,
The Order of Culture
is  Japan's highest
honor in science and
art. Only 107 persons
have received the
Order during its his-
tory, of which num-
ber 50 are still living.
Dr. Niwa is one of 25
persons from the field
of science who hold the honor today.

Dr. Niwa was instrumental in forming
the Tokyo Section of the IRE, serving as its
Vice Chairman in 1955-1956, and Chairman
in 1957-1959. e served as Vice President
and Director of the IRE in 1957,

In addition to receiving many honors
during his carcer, Dr. Niwa has served as
President of the following societies: Institute
of Communication Engineers of Japan,
Japan Radio Society, Institute of Electrical
Engineers of Japan, Television Society of
Japan, and Acoustical Society of Japan.

Yasujiro N1wa

PAPERS Now AVAILABLE FROM
1960 NvcLEAR CONGRISS

Copies of the papers produced for presen-
tation during the 1960 Nuclear Congress are
available from: 1960 Nuclear Congress, 29
West 39th St., New York 18, N. Y.

For those who found it impossible to
attend the 1960 Nuclear Congress, and to
obtain printed copies of papers at the Con-
gress, provision has been made for mail
order distribution. This facility has been
provided as a part of the first objective of
the Congress, “to provide free exchange of
knowledge in the subject area between engi-
neers and scientists and the industry which
is dependent upon such information.”

The Nuclear Congress, held in New
York City's Coliseum, April 4-7, produced
new information in a variety of subject arcas
related to the application of nuclear energy
for mankind’s benefit. A total of 62 papers
were presented as part of the “streamlined”
technical program. These papers were
sclected and invited so as not to duplicate
any presented during other atomic confer-
ences, and to fill gaps in information current-
ly available.

Papers may be ordered individually or
the complete set may be obtained. The price
is 50¢ per paper, or $20 for the set.

INTERNATIONAL SOLID-STATE
Circevtts CONFERENCE
CALL FOR PAPERS

The 1961 International Solid-State Cir-
cuits Conference, the 8th annual meeting,
will be held on February 15-17, 1961, on the
campus of the University of Pennsylvania
and the Sheraton Hotel, Philadelphia, Pa.

The conference, sponsored jointlv by the
Institte of Radio Lngineers, American In-

16A WHEN WRITING

M

s

At a recent meeting of the 1960 NERZM committee in Newton, Mass,, plans for the November 15-17 meeting
were formalized. (Seated, left to right): G, Cooper, publicity; R, Wall, secretary; A. Winston, conference chair-
man; and R. Purinton, Jr., treasurer. (Standing, left to right): .. Winner, public relations coordinator: G,
Rudenberg, IRE Boston Section; H. Alberts, special arrangements; S. Gibson, exhibits; and ). Cattanach, ar-
rangements. The committee also includes J. Meagher, registration, and J. H. Mulligan, Jr., program chairman,

This photograph was taken during intermission at the Benelux Section meeting of April 25, 1960, at which
J. A, Ratcliffe, Vice President of the IRE, was a guest sp_eaker. From left to right, Mr. R:ll(jlﬁe. _ll. Rinia,
Chairman ot the Benelux Section, and J. M. L. Janssen, Chairman of the Meetings and Papers Committee.

stitute of Electrical Engineers and the Uni-
versity of Pennsylvania, will feature papers
dealing with circitit properties, circuit philos-
ophy and design techniques related to solid-
state devices in the following general arecas:

1) Solid-state memory, storage and logic
elements, such as twistors, thin-film
memories and associated circuits,
photoelectronic circuitry, etc.

2

~—

Solid-state  microwave amplifying
mechanisms, such as parametric am-
plifiers and masers.

3

~

Solid-state devices performing an in-
tegrated circuit function.

4) Cryogenic digital and linear applica-
tions.

5) Novel types of solid-state devices—in
unique modes of operation—such as
those utilizing the llall effect, high-
temperature circuit elements and

solid-state filters and delay lines.

~—

6

~

Advanced circuitry—with emphasis
on significant developments in the

TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

art—to the exclusion of data on
equipment design.

Papers representing original contributions
in these and related ficlds are invited.

Abstracts—highlighting the nature of the
contribution, its significance in the art and
theoretical and experimental results—300 to
500 words in length, which can be accom-
panied by key illustrations, plus 50-word
summaries for advance program mailings,
should be submitted in double-spaced type-
written form (and in triplicate) on or before
September 20, 1960, to J. J. Suran, Program
Chairman, Building 3, Rm. 115, General
Electric Company, Syvracuse, N. Y.

Abstracts and summaries should be ac-
companied by author’s name, company af-
filiation and position title, business and
home address, telephone contact and brief
biographical sketch.

Members of the 1961 conference com-
mittee include: Chairman, T. R. Finch, and
Secretary, F. H. Blecher, Bell Telephone
l.aboratories, Murray Hill, N. J.: and Pub-
lic Relations, L. Winner, 152 W. 42nd
St.,, N. Y. 36, N. Y.
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Get the complete story on microwave tubes
ponents in these two new booklets from

¢
<%
2
¥
i1

What’s new in microwave? You'l! find full
information in these 2 new Bomac booklets.
One is a complete product catalog in a new,
more convenient format (tubes are listed first
by band, then by type) to make it easier

and quicker for you to find the tube you want.

The second booklet give7 you facts and

figures on any of Bomag's new components
and test equipment. Put together, they
give you a complete, concise picture of
what's new in microwdve for 1960.

Be sure to send for yc*ur copies today.

\

1
)\
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M ROWAY

ROAD . BEVERLY,

MASSACHUSETTS
Offices in major cities - A subsidiary of Varian Associates,

\ SALEM
\J

Leaders in the design, develop

t and of TR, ATR, Pre-TR tubes; shullers;
reference cavities; crystal protectors; silicon diodes; magnetrons; klystrons; duplexers;

pressurizing windows; noise source tubes; high frequency triode oscillators; surge protectors,
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NOMINATIONS FOR 1001
IRE OFFICERS AND DIRECTORS

At its April 22, 1960 meeting, the [RE
Board of Directors voted to place the fol-
lowing nominees for officers and delegates-
directors on the ballot, to be submitted to
voting members by September 1, 1960. They
are as follows:

President, 1961—Lloyd \'. Berkner
1961 (residing in North
John F. Byrne

1961 (residing elsewhere
North  America)—Franz

Vice President,
America)

Vice President,
than in
Ollendorit

Delegates-at-large-Directors-at-large,
1961-1963 (two to be elected)—
E. Finley Carter, Charles Kimball,
Emanuel R. Piore, and lester C.
Van Atta
Regional Delegates-Regional Directors,
1961-1962 (one to be clected in each
Region):
Region 2—A. B. Giordano and A. C.
Beck
Region +—J. W,
rence, Jr., R. W,
Bereskin
Region 6—D. Silverman, M. W. Bul-
lock, J. W. Herbstreit, and G. E.
Sheppard

Region 8—B. R.”’

Coltman, M. Fer-
Ittelson, and A. B.

Fupper

According to Article VI, Section 2 of
the IRE Constitution, nominations by peti-
tion for any of the above offices may be
made by letter to the Board of Directors
setting forth the name of the proposed can-
didate and the office for which the candidate
is desired to be nominated, provided such
letter is received at the general offices of the
IRE before noon on the Friday prior to
August 15, 1960. Such a petition shall be
signed by at least one per cent of the total
mumber of voting members as listed in the
official membership records of the IRE at
the end of the previous vear, hut in no case
shall the number be less than one hundred.

BIOMEDICAL ELECTROXNIC
PROGRAM Scorr EXPANDED

The 13th Annual Conference on Electri-
cal Techniques in Medicine and Biology,
scheduled for the Sheraton-Park Hotel,
Washington, D. C., October 31, November
1-2, 1960, will feature a diversified program
on biomedical electronics, with emphasis
on analytical techniques.

Among the subjects to be covered are:

1) General: Flowmetering, Ultrasonic
Mapping, Densitometry, Electro-
phoresis, Mass Spectroscopy, Micro-
wave Spectroscopy, etc.

N
~—

Electroanalytical Techniques: Polar-
ography, Specific Electrodes, Coulom-
etry, Titrant Generators, etc.

3) Waveform Interpretation: Heart
Sounds, Nerve and Muscle Potentials,
Cardiovascular Pressure, etc.

4) Cell and Particle Counting and Sort-

ing.

Analogs.

[= )
— =

Automated Analytical Methods.

-~y
~—

Physiological Monitoring:
Astronauts, etc.

Patients,

As in the past, this meeting will be spon-
sored by the Joint Executive Commniittee in
Medicine and Biology representing the
[nstitute of Radio Engineers, American
[nstitute of Electrical Engineers and the
Instrument Society of America.

The conference will publish—immedi-
ately prior to the meeting—a 100-page
printed report with 600-1000 word digests
for every paper, and supporting drawings
and photographs, for distribution to all
registrants. "The book will also include illus-
trated profiles of every speaker. Post-con-
ference cost of this record will be $5.00.

Another highlight of this meeting will be
an exhibit of commercial, institutional and
scientific developments in the biomedical-
clectronic field.

R. L. Bowman, National Institutes of
Health, Bethesda, Maryland, has been
named chairman of this year’s conference.

Others on the committee include: A, L.
Henley, National Instrument Laboratories,
secretary; A. Shapero, Litton Industries,
treasurer; G. N. Webb, Johns Hopkins
Hospital, technical program and \W. A,
Wildhack, National Bureau of Standards,
local arrangements. Five have been named
to a special editorial committee: [.. E.
Flory, RCA lLabs.; A. L. Henley, National
Instrument Labs.; G. C. Riggle, National
Institutes of Health; J. C. Jacobs, General
Electric Research lLab. and 1. Frommer,
National Institutes of Health. L. Winner,
technical relations consultant. will handle
public relations and exhibits.

FOURTH ANNUAL SYMPosiUM oN
ELECTRONIC TEST [EQUIPMENT
To BE Hiewp 1Ny CHICAGO

The Fourth Annual Joint Military-
Industrial Electronic Test Equipment Sym-
postum will be held in Chicago on Septem-
ber 14 and 15. This vear, the symposium
will be under joint sponsorship of the Office
of the Director of Defense Research and
Engineering and the Department of the
Army Signal Corps, with the Armour Re-
search Foundation of lllinois Institute of
Technology serving as the host.

The theme of this year’s conference deals
with advanced instrumentation techniques.
Technical sessions are now being planned
to cover areas of new concepts in measure-
ment, latest instrumentation design tech-
niques, advanced data processing methods,
etc. The program will be sufficiently diversi-
fied to attract industrial and government
representatives, both at the practical and
more technical levels.

If you have been involved in research,
design or development of instrumentation
devices or systems, or the application of
instruments to new or unusual measurement
problems, and if you feel these experiences
would be of interest to others in this field,
papers covering this work will be considered
for presentation at the conference.

Spe(‘ldl guests al the Welcoming Luncheon of the 12th Annual SWIRECO, held in Houston, Tex., on \pn] 20, 1960 included (left to right); \V,
Haraden Pratt, Pompano Beach, Fla.;
g G L llurp. Norman, Okla.; B. ’\l Oliver, Palo \llo Cdllf George Sinclair, Toronto, Ont., Canada and K. O. Heintz, llou\lun Tex.

G. W, Raile
Hill, Mas

New York, N Y
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I Greer, Houston, Tex.;

Loofbourrow, Houston, Tex.; R, 1., McFarlan, Chestnut

July, 1960



PUTTING MAGNETICS TO WORK

How to build a better (audio signal) trap!

Magnetics Inc. permalloy powder cores give filter designers new attenuation
and stability standards—and miniaturization to boot!

The art of trapping unwanted frequencies has been
advanced during the past year with a succession of im-
provements in molybdenum permalloy powder cores by
Magnetics Inc. Most audio filter designers now work
with smaller cores, more stable cores and cores whose
attenuation characteristics are ultra-sharp. Do you?

Do you, for example, specify our 160-mu cores when
space is a problem? With this higher inductance, you
need at least 10 percent fewer turns for a given inductance
than with the 125-mu core. What’s more, you can use
heavier wire, and thus cut down d-c resistance.

What about temperature stability? Our linear cores are
used with polystyrene capacitors, cutting costs in half
compared to temperature stabilized moly-permalloy cores
with silvered mica capacitors. Yet frequency stability over
a wide swing in ambient temperatures is increased!

And what do you specify when you must rigidly define
channel cut-offs, with sharp, permanent attenuation at
channel crossovers? Our moly-permalloy cores have vir-
tually no resistive component, so there is almost no core
loss. The resultant high Q means sharp attenuation of
blocked frequencies in high and low band pass ranges.

Why not write for complete information? Like all of our
components, molybdenum permalloy powder cores are
performance-guaranteed to standards unsurpassed in the
industry. Magnetics Inc., Dept. P-82, Butler, Pa,

MAGNETICS inc.

VISIT OUR BOOTH 521-522 AT THE WESCON SHOW

PROCEEDINGS OF THE IRE July, 1960
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Professional Groups®

Aeronautical & Navigational Electronics
(G-11)—L. M. Sherer, RTCA, Bldg. T-5,
16 and Constitution Ave., N.W., Wash-
ington 25, D. C.; H. R. Mimno, Harvard
Univ., Cambridge, Mass.

Antennas & Propagation (G-3)—E. C. Jor-
dan, Elec. Engrg. Dept., Univ. of Iilinois,
Urbana, Ill.; S. A. Bowhill, Pennsylvania
State Univ., University Park, Pa.

Audio (G-1)—H., S. Knowles, Knowles Elec-
tronics, 9400 Belmont Ave., Franklin
Park, 1ll.; Prof. A. B. Bereskin, II.E.
Dept., Univ. of Cincinnati, Cincinnati 21,
Ohio; M. Camras, Armour Res. Found.
Tech. Ctr., Chicago 16, 111

Automatic Control (G-23)—]. M. Salzer,
909 Berkeley St., Santa Monica, Calif.;
G. S. Axelby, Westinghouse Air Arm Div.,
Friendship Airport, Baltimore 3, Md.

Broadcast & Television Receivers (G-8)—
R. R. Thalner, Sylvania Home Electroun-
ics, 700 Ellicott St., Batavia, N. Y.:
C. W. Sall, RCA, Bidg. 13-4, Camden,
N.]J.

Broadcasting (G-2)—G. E. Hagerty, \Wes-
tinghonse Elec. Corp., 122 E. 42 St.,
Suite 2100, N. Y. 17, N. Y.; W. L.
Hughes, E.E. Dept., Towa State College,
Ames, lTowa.

Circuit Theory (G-4)—S. Darlington, Bell
Telephone Labs., Murray 11ill, N. ].;
W. Bennett, Bell Telephone Labs., Mur-
ray Hill, N, J.

Communications Systems (G-19)—C. L.
Engleman, Engleman & Co., Inc., 2480
16th St.,, N.W., Washington 9, D. C.;
M. R. Donaldson, Electronic Comm. Inc.,
St. Petersburg, Fla.

Component Parts (G-21)—F. E. Wenger,
Headquarters ARDC, Andrews AFB,
Washington 25, DD. C.; G. Shapiro, Engi-
necring Electronics Sec., Div. 1.6, NBS,
Connecticut Ave. and Van Ness St.,
Washington, D. C.

* Names listed are Group Chairmen and TraNs.
Actions Editors.

Sections®

Education (G-25)—]. G. Truxal, Head,
Dept. of E.E., Polytechnic Inst. of Brook-
lyn, Brooklyn, N. Y.; W. R. Lelage,
Dept. of E.E., Syracuse Univ., Syracuse,
N. Y.

Electron Devices (G-15)—\\". M. \Webster,
Semi-Conductor Div., RCA, Somerville,
N. J.; E. L. Steele, Hughes I’rods., Inc.,
International Airport Station, Los Ange-
les 45, Calif.

Electronic Computers (G-16)—:\. A. Cohen,
Remiington Rand Univac, St. Paul 16,
Minn.; R. O. Endres, Rese Engrg. Co.,
Philadelphia, Pa.; H. E. Topkins, Moore
School of E.E., Univ. of Peunsylvania,
Philadelphia.

Engineering Management (G-14)—H. M.
O'Bryan, General Telephone & Electron-
ics Lab., 730 3rd Ave, N. Y. 17, N. Y.;
A. H. Rubenstein, Northwestern Univ.,
Evanston, 11l

Engineering Writing and Speech (G-16)—
T. T. Patterson, Jr., RC\, Bldg. 13-2,
Camden, N. J.; H. B. Michaelson, 1BM
Res. Center, Box 218, Yorktown Heights,
NUY.

Human Factors in Electronics (G-28)—
C. M. Jansky, Royal McBee Corp., I’ort-
chester, N. Y.; J. I. Elkind, Bolt, Beranek
and Newman, Cambridge, Mass.

Industrial Electronics (G-13)—]. E. Eise-
lein, RCA Victor Div., Camnden, N, J;
R. W. Bull, Armour Res. Found., Chi-
cago, Il

Information Theory (G-12)—P. [ILlias,
M.ILT.,, Rm. 26-347, Cambridge 39,
Mass.; A. Kohlenberg, Melpar Inc., 43
Leon St., Boston 15, Mass.

Instrumentation (G-9)—C. . Little, C-
Stellerator Assoc., Box 451, Princeton,
N. J.; G. B. Hoadley, Dept. of E.E.,
North Carolina State College, Raleigh,
N. C.

Medical Electronics (G-18)—H. P. Schwan,
Univ. of Pennsylvania, School of Elec.
Engrg., Philadelphia 4, I’a.; I.. B. Lusted,

Univ. of Rochester Medical School, Strong
Memorial Hosp., Rochester 20, N. Y.
Microwave Theory and Techniques (G-17)

—A. A. Oliner, Microwave Res. Inst., 55
Johunson St., Brookiyn 1, N. Y.; D. D.
King, Electronic Comm.,, Inc., 1830 York

Rd., Timonium, Md.

Military Electronics (G-24)—H. Randall,
1208 Seaton Lane, Falls Church, Va.;
D. R. Rhodes, Radiation Lab., Instru-
ment Div., Orlando, Fla.

Nuclear Science (G-5)—A. B. V'an Rennes,
United Res. Inc., Tech. Div,, 128 Alewife
Brook Pkwy., Cambridge, Mass.; R. F.
Shea, Dig Power Plant Engrg., Knolls
Atontic Power Lab., General Electric Co.,
Schenectady, N. Y.

Production Techniques (G-22)—L. M.
Ewing, General Llectric Co,, HMEED
CSP-3, Syracuse 1, N. Y.; A. R. Gray,
Rte. #1, Box 940, Orlando Vineland Rd.,
Wintergarden, Fla.

Radio Frequency Interference (G-27)—
R. M. Showers, Moore School of Elec.
Engrg., 200 S. 33 St., Philadelphia 4, ’a.;
I’. O. Schreiber, Technical Wire I’rods.,
Springfield, N. J.

Reliability and Quality Control (G-7)—
I’. K. McElroy, General Radio Co., 22
Baker Ave., West Concord, Mass.; E. J.
Breiding, IBM Corp., Kingston, N. Y.

Space Electronics and Telemetry (G-10)—
C. H. Hoeppner, Radiation, Inc., Mel-
bourne, Fla.

Ultrasonics Engineering (G-20)—\\". Roth,
Roth Lab., 1240 Main St., Hartford 3,
Conn.; O. Mattiat, Aerophysics Dev.
Corp., .0, Box 689, Santa Barbara,
Calif.

Vehicular Communications (G-6)—\. A.
MacDonald, Motorola, Inc., 4545 Au-
gusta Blvd., Chicago 51, Ili.; R. . Gif-
ford, General Electric Co., Syracuse,
N.Y.

Akron (4)—C. D. Morrill, 2248 16th St.,
Cuyahoga Falls, Ohio; C. M. Kelly, 2915
Silver Lake Circle, Cuyahoga Falls, Ohio.

Alamogordo-Holloman (7)—U. C. Nolte,
2810 Quay, Holloman AFB, N. M
W. F. Stotts, 1507 Michigan Ave., Alamo-
gordo, N. M.

Albuquerque-Los Alamos (7)—R. C. Spence,
3020 W. Sandia Dr., Sandia Base, Al-
buquerque, N. Mex.; E. C. Davis, Neely
Enterpriscs, Box 8366, Station “C,”
Albuquerque, N. M.

Anchorage (7)—R. O. Voight, HQ Alaskan
Command, AI’O 942, Scattle, Wash.;
J. T, Little, Star Route B, Box 3453,
Spenard, Alaska.

* Numerals in parentheses following sections desig-

nate region number. IFirst natne designates Chairman,
second name Secretary.
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Atlanta (3)—\. L. Fattig, 1643 N. Gate-
wood Rd., Atlanta 6, Ga.; R. L. Ellis, Jr.,
77 Karland Dr.,, N W, Atlanta, Ga.

Baltimore (3)-—I3. Wolfe, 6112 Talles Rd.,
Baltimore 7, Md.; J. T. Wilner, 2610 No.
Charles St., Sta. WB.L, Baltimore 18,
Md.

Bay of Quinte (8)—II1. L. Blacker, Northern
Electric Co., Ltd., 250 Sidney St., Belle-
ville, Ont., Canada; G. M, Turney,
R.R.2, Carrying Place, Ont., Canada.

Beaumont-Port Arthur (6)-—L. O. Senneville,
2519 Poe St., Lake Charles, La.; C. A.
O’Shaugnessy, 19 East End Blvd., Maple-
wood, La.

Benelux—Ierre Rinia, Parklaan 24, Eind-
hoven, Netherlands; B. B. Barrow,
S.A.D.T.C,, Box 174, The Hague, Nether-
lands.

Binghamton (1)—B. H. Rudwick, 622 Lacey
Dr., Johnson City, N. Y.; F. W, Schaaf,
R.D. 1, Apalachin, N. Y.

Boston (1)—I{. G. Rudenberg, 3 Lanthorn
Lane, Beverly, Mass.; G. P. McCouch,
Alcott Rd., Concord, Mass.

Buenos Aires—O. C. Fernandez, Trans-
radio Internacional, 379 San Martin,
Buenos Aires, Argentina; J. 1. Steiner,
1345 20 H. Uriarte, 2do P. D. to 1.,
Buenos Aires, Argentina.

Buffalo-Niagara (1)-—]. P. Welsh, 544 Lis-
bon Ave., Buffalo 15, N. Y.; D. . Saate,
30 Greenbriar Rd., Williamsville 21, N. Y.

Cedar Rapids (5)—D. M. Ilodgin, Jr., 3206
\ine Ave., S.E. Cedar Rapids, Iowa;
G. R. Marner, R. 3, Marion, lowa.

Central Florida (3)—\\'. S. Hines, 1320 In-
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NOW...from CLARE...

S
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for long life digital operation

Small, lightweight and capable of a minimum of
over 100,000,000 operations,* the new CLARE Type
210 Stepping Switch is specially designed for digital
operation. It is ideally suited as a component for
sequence control, totalizing, sampling or single point
selection. It transfers from Position 10 to Position
1 without special circuitry.

This new switch has all the improved features
which have made the Type 211 an ideal component
for complex switching requirements—long life, ex-
cellent capacity and freedom from maintenance. A
wide variety of hermetically sealed and dust cover
enclosures are available with terminals or connectors
to suit the application.

Send for Bulletin CPC-6 for complete information.
Address C. P. Clare & Co., 3101 Pratt Blvd., Chicago 45,

Illinois; In Canada: C. P. Clare Canada Ltd., P. O. Box
134, Downsview, Ontario. Cable Address: CLARELAY.

*with twelve 10-point levels . . . 300,000,000 operations with
four 30-point levels (properly lubricated and adjusted).

CGLARIE

Relays and Related Contro/ Components
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ELECTRICAL DATA

OPERATING SPEEDS—Self-interrupt speed: 60 sps at 25°C on
nominal voltage. Remote impulse speed: 30 sps at 25°C on
nominal voltage with 66% make impulse.

OPERATE & RELEASE TIME—Operate time: 20 ms at 25°C on
nominal voltage. Release time: 10 ms at 25°C on nominal
voltage.

OPERATE & RELEASE VOLTAGE—Maximum pull-in at 25°C is
75% of nominal voltage. Minimum dropout at 25°C is 3% of
nominal voitage.

BREAKDOWN TEST—1000v, rms, 60 cps, is standard.

COILS—Coil resistances for typical voltages are shown below:

VOLTAGE 1-8 LEVELS 9-12 LEVELS
Vdc OHMS OHMS
6 1.5 1.5
12 6 6
24 24 20
48 100 70
60 150 100
110 600 400

MECHANICAL DATA

OVERALL DIMENSIONS—Length (maximum)—4-5/16in. Height
(1C interrupter, 1C 0.N.S.)—2% in. Width—from 1-5/16 in. for
3 levels to 2-13 /16 in. for 12 levels.

NET WEIGHT~—From one pound for 3 levels to 1% pounds for
12 levels.

BANK CONTACT—Standard is phosphor bronze. Also available
are coin silver or gold plated phosphor bronze.

MAXIMUM BANK LEVELS & PILEUPS

Type of operation (points) 10 30
Bank levels maximum (electrical) 12 4
Interrupter springs 6 6
Oft-normal springs 6 6
Number of ratchet teeth 30 30

WIPERS~—Standard wipers are non-bridging phosphor bronze
with coin silver and gold-plated phosphor bronze available in
either non-bridging or bridging models.



dian River Dr., Eau Gallie, Fla.; M.
Gould, 19 Azalea Dr., Cocoa Beach, Fla.

Central Pennsylvania (4)—C. R. Ammer-
man, 125 Grandview Rd., State College,
Pa.; W. J. Ross, 105 Elec. Engrg. Dept.,
University Park, Pa.

Chicago (5)—K. E. H. Backman, 615
Winston Dr., Melrose Park, Ill.; B. G.
Griftith, 2379 Oak Tree Lane, Park Ridge,
418

China Lake (7)—R. T. Merriam, 1501-B
Smith Rd., China Lake, Calif.; I.. D.
Bryant, Box 333, Naval Ord. Test Sta.,
China Lake, Calif.

Cincinnati (4)—H. 5. Hancock, Box 52,
R.R.4, Branch Hill, Loveland, Ohio; J. P.
Meehan, American Tel. & Tel. Co., 138 E.
Court St., Cincinnati 2, Ohio.

Cleveland (4)—]J. R. Hooper, Jr., 1606
Compton Rd., Cleveland Heights 18,
Ohio; R. Kazarian, 2031 Lakeview Ave.,
Rocky River, Cleveland 16, Ohio.

Colombia—T. J. Meck, Apartado Aerco
78-13, Bogota, Colombia; F. S. Garbrecht,
Apartado Nal. 2773, Bogota, Colombia.

Columbus (4)—D. F. Yaw, 2356 Farleigh
Rd., Columbus 21, Ohio; F. A. Wolf, 354
Chatham Rd., Columbus 14, Ohio.

Connecticut (1)—A. R. Perrins, 951 Sperry
Rd., Cheshire, Conn.; [. Flores, S.
Huckleberry Dr., Norwalk, Conn.

Dallas (6)—I. J. Wisseman, 810 Knott P,
Dallas 8, Texas; A. R. Teasdale, Jr.,
6529 Lafavette Way, Dallas 30, Texas.

Dayton (4)—D. G. Clute, 4424 Appleton Pl.,
Kettering 40, Ohio; R. J. Framme, 316
Claranna, Dayton 9, Ohijo.

Denver (6)—\W. ). George, Natl. Bur. of
Standards, Boulder, Colo.; F. P. Venditti,
2607 South Adams, Denver 10, Colo.

Detroit (4)—L. ]. Giacoletto, Ford Motor
Co., Scientific Lab., Box 2053, Dearborn,
Mich.; HL W Hale, Dept. of Elec. Engrg.,
Wayne State University, Detroit 2, Mich.

Egypt—H. M. Mahmoud, Faculty of Engrg.,
Fouad I University, Giza, Cairo, Egypt;
El Garhi I. El Kashlan, Egyvptian Broad-
casting, 4, Shari Sherifein, Cairo, Egypt.

Elmira-Corning (1)—D. F. Aldrich, 1030
Hofimau St., Elmira, N. Y.; T. G. Keeton,
611 McDowell Pl., Elmira, N. Y.

El Paso (6)—W. H. DeBusk, 3017 Daisy,
El Paso, Tex.; E. R. Flottman, 3236
Frankfort, El Paso, Texas.

Emporium (4)—H. V. Kalmer, Jr., 150 Elm-
wood Court, Emporium, Pa.; 1. \W. Her-
bert, Sylvania Elec. Prods., Inc., Em-
porium, Pa.

Erie (1)—DP. E. Sterner, 322 Forest Dr.,
Erie, Pa.; B. Presutti, 1546 West 43 St.,
Erie, Pa.

Evansville-Owensboro (5)—R. M. tlughes,
1332 W, 15th St., Owenshoro, Ky.;
MWL Russell, 1207 Farrier Place, Owens-
boro, Ky.

Florida West Coast (3)—R. Murphy, 12112
N. Edison Ave., Tampa 4, Fla.; R. E.
Henning, Sperry Microwave Electronies
Co., Box 1828, Clearwater, Fla.

Fort Huachuca (7)—]. C. Domingue, 62506
Barnes St., Fort Huachuca, Ariz.; A. S.
Montasser, 368 Wolfe St., Sierra Vista,
Ariz.

Fort Wayne (5)-—1. Major, 5355 Mcadow-
brook Dr., Fort Wavne, Ind.; C. F.
Mason, 1519} Crescent Ave., Fort Wavne,
Ind.

Fort Worth (6) - 1. G. Harman, 5623 Volder
Drive, Fort Worth 14, Texas; D. R.
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Robertson, 8279 Carrick St., Fort \Worth
16, Tex.

Gainesville (3)—C. M. Veronda, 2232 N.\V,
8th Ave., Gainesville, Fla.; M. E. Fors-
man, College of Engrg., Univ. of Florida,
Gainesville, Fla.

Hamilton (8)—\W'. E. Jevnes, 67 Miller Dr.,
S. S. 2, Ancaster, Ont., Canada; W. A.
Cheek, 102 Paradise Road, N., Hamilton,
Ont., Can.

Hawaii (7)—M. S. Vittum, 218 Kinthoa
Pl., Kailua, Hawaii; G. Piety, 2030 Home
Rule St., Honoluli 17, Hawaii.

Houston (6)—R. J. L.oofbourrow, The Texas
Co., Box 425, Bellaire 101, Tex.; \W. P.
Schneider, 8417 Bluegate, Houston, Tex.

Huntsville (3)—. H. Hosenthien, 515
Madison St., Huntsville, Ala.; \W. H.
Cook, ]Jr., 2702 Evergreen St., S.E.,
Huntsville, :\la.

India—Ofhcers to be elected.

Indianapolis (5)—G. R. Fraser, U. S. Naval
Aviouics Facility, 21 St. & Arlington Ave.,
Indianapolis 18, Ind.; C. E, David, 6110
E. 21 St,, Indianapolis 18, Ind.

Israel—]. Shekel, Box 1, Kiryvat, Mozkin,
Israel; Secretary to be advised.

Italy—Algeri Marino, Via Guido d’Arezzo
14, Rome, ltaly; Giuseppe P. Tarchini,
Laboratorio Richerche Elettr., Via Del
Parlamento N. 33, Borgolombardo, Mi-
lan, Italy.

Ithaca (1)—N. H. Bryant, School of Elec.
Engrg., Cornell University, Ithaca, N. Y.;
to be advised.

Kansas City (6)—II. L. Stout, 425 Volker
Bivd., Kansas City 10, Mo.; E. A, McCall,
10004 East 34th St., Independence, Mo.

Kitchener-Waterloo (8)—1. \W. R. East,
Raytheon Canada Ltd., 61 Laurel St. E.,
Waterloo, Ont., Can.; W. ]. Grey, 68
Plymouth Rd., Kitchener, Ont., Can.

Las Vegas (7)—R. B. Patton, 2204 Kirkland
Ave,, Las Vegas, Nev.; G. R, Luetkehans,
4901 Cannon Blvd., Las Vegas, Nev.

Little Rock (6)—\". L. Dillaplain, 203 S.
Pine St., Litude Rock Ark.; R. V. Anders,
5801 Windamere Dr., Little Rock, \rk.

London (8)—G. R. Hosker, Bach-Simpson
Ltd., 1255 Brydges St.,, London, Onat.,
Caun.; G. W, Parsons, 390 Princess Ave.,
Apt. 307, London, Ont., Can.

Long Island (2)—I1. Jasik, 67-20.\ 193 Lane,
Flushing 65, N.Y.; H.\W. Redlien, Jr.,
Wheeler Labs., 122 Cutter Mill Road,
Great Neck, N. Y.

Los Angeles (7)—B. Dempster, Electronic
Engrg. Co. of California, 1601 15, Chest-
nut Ave., Santa Ana, Calif.; ]J. Lewi,
Packard-Bell, 12333 W. Olympic, Los
Angeles 64, Calif.

Louisville (5)—W. ]J. Rvan, 4216 North-
western Pkwy., Louisville 12, Ky 1. T
Smith, 2511 Saratoga Dr., Louisville, Ky,

Lubbock (6)—J. . Criswell, 511 50 St., Lub-
bock, Tex.; . P. Craig, Route 7, Lubbock,
Tex.

Miami (3)-—}. W. Keller, Jr., Miami Ship-
building Corp., 615 S\, Second .\ve.,
Miami 36, Fla.; F. R. Macklin, 325
Malaga Ave., Coral Gables, Fla.

Milwaukee (5)—F. |J. Lofy, 2258 S. 56 St.,
West Allis 19, Wis.; J. D. Horgan, 1530
N. Longwood Ave., Elm Grove, Wis.

Montreal (8)-—R. B. Lumsden, 1680 Lepine
St., St. Laurent 9, P.Q., Canada; H. 1L
Schwartz, 5212 King Edward Ave., Mont-
real 29, P.()., Cavada.

Newfoundland (8)-— M. D. MacGray, Ca-
nadian Marconi Co., 3 Prescott St., St.

John’s, Newf., Canada; F. A. Mulloy, 55
Calver Ave., St. John's, Newf., Canada.

New Orleans (6)—]. C. Spencer, 1524 Shir-
ley Dr., New Orleans 14, La. (Chairman
and Acting Secretary).

New York (2)-—Jerome Fox, Microwave Re-
search Inst.,, Polv. Inst. of Bklyn., 55
Johnson St., Bklvn. 1, N. Y.; J. M. Kinn,
545 Madison Ave,, N. Y, N. Y.

North Carolina (3)—W. G. McAvoy, 500
Magnolia St., Winston-Salem, N, C,;
W. E. Lanford, 3260 Nottingham Rd.,
Winston-Salem, N. C.

Northern Alberta (8)—R. Usher, St. Albert,
Alta., Canada; W. L. Storms, 12907 134
Ave., Edmonton, Alta., Canada.

Northern New Jersey (2)—G. M. .\nderson,
9 Jefirie Trail, Whippany, N. J.; J. R.
Flegal, Bell Telephone Labs., Murray
Hill, N. .

Northwest Florida (3)—\W. F. Kirlin, 312
May Circle, Bens Lake Area, Eglin AFB,
Fla.; H. H. Hufnagle, 1 Katherine Ave.,
Fort Walton Beach, Fla.

Oklahoma City (6)—H. E. Phillips, 524
N.W. 19 St., Oklahoma City 3, Okla.;
K. W. Kruger, 2328 N.\V. 43 St., Okla-
homa City, Okla.

Omaha-Lincoln (5)-—B. L. Dunbar, 2921 S.
104 St., Omaha, Neb.; R, A, Stratbucker,
University of Nebraska, College of Medi-
cine, 42 & Dewey .\ve., Omaha, Ncb.

Orlando (3)—A\. R. Gray, 6415 Vineland
Rd., Orlando, Fla.; W. L. Eddy, 1711
Antilles ., Orlando, Fla.

Ottawa (8)—F. V. Cairns, Radio Div., Na-
tional Res. Conncil, Ottawa, Ont., Can-
ada; M. Yurko, 1295 Wesmar Drive, Ot-
tawa, Ont., Canada.

Philadelphia (3)—\W. T. Sumerlin, Box 215,
Radnor, ’a.; R. G. Adamson, 524 South
Bowman Ave., Merion, Pa.

Phoenix (7)—L. S. Shepard, Sr., 5716 N.
19th St., Phoenix, Ariz.; L R. Hyder, I11,
2523 N. §7th St., Phoenix, Ariz.

Pittsburgh (4)—\. E. Anderson, Westing-
house Res. Labs., Physics Proj. Labs.,
Beulah Rd., Churchill Borough, Pitts-
burgh 35, ’a.; W. P. Caywood, Jr., Box
179, RD 2, Murrysville, PPa.

Portland (7)—L. C. Hedrick, 35 S.\\'. 88
Ave., Portland 25, Ore.; M. L. Morgan,
12907 S.\W. 62 St., Portland 19, Ore.

Princeton (2)—Svlvan Fich, College of
Engincering, Rutgers Univ., New Bruns-
wick, N. J.; R. D. Lohman, RCA, Soiner-
ville, N. J.

Quebec (8)—1’aul Du Berger, 1267 Villars
Ave., Sillery, P’.Q.. Canada; Theodore
Wildi, 1365 De Longuein!, Quebec City,
P.Q)., Canada.

Regina (8)--L. E. MecBride, 3211 Regina
Ave., Regina, Sask., Canada; J. M.
MceNeil, 3147 Retallack  St., Regina,
Sask., Canada.

Rio de Janeiro— Joao A. Wiltgen, Caixa
Postal 450, Rio de Janeiro, D. F., Brazil;
L. C. Bahiana, Rua Bogari 70, Apt. 102,
Lagoa, Rio de Janciro, Brazil.

Rochester (1)-—F. A. Mitchell, Stromberg-
Cartson Co., 1400 N, Goodman St., Roch-
ester 9, N. Y. J. L. Wheeler, 535 Rondo
Lane, Webster, N. Y.

Rome-Utica (1)—\W. J. Kuehl, 5 Hofiman
Road, New Hartford, N. Y.; R. A. Zach-
ary, Jr., 11 Arbor Drive, New Hartford,
N.Y.

Sacramento (7)—Xelis W. Godfrey, 3220
Fulton Ave., Sacramento 21, Calif.; A. O.
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SAVE SPACE, WEIGHT AND MAINTENANCGE

with Versatile Compact MIL Spec Modules

For your electronic/electromechanical packaging problems, easily or completely redesigned to your specific requirement.

consult Oster specialists. Compact, transistorized, MIL spec, Oster engineers are specialists in creating densely packaged

hermetically sealed, plug-in modules are available for numer- black boxes. These boxes can help you design more compact-

ous applications. ness and less weight into your systems. Phone or write your
Typical building block basic units are illustrated. Tempera- nearest John Oster office today.

ture range is —55°C to +105°C. Basic units can be modified

GENERAL ENVIRONMENTAL CONDITIONS GENERAL PERFORMANCE SPECIFICATIONS
A. Temperature— —55°C to 4+75°C A. Gain Variation— Less than 10% due to any given parameter
B. Altitude— —1000 Feet to +80,000 feet extreme variation.
C. Humidity— Section 4.4.3 of MIL-E-5272 B. Linearity— Better than 10% through the range of 3% to
. ) 80% of full output.
D. Vibration— 0.30 inch double excursion from 3 to )
18 cycles per second and + 2 g. C. Noise— Less than 5% of maximum output.
acceleration from 18 to 500 cycles. D. Phase Shift— Less than 8 degrees.
(Without vibration isolators)
E. Crash Safety— Repeated shocks of 30 g. with durations
of 11 milliseconds
F. Salt Atmosphere— Section 4.6.1 of MIL-E-5272
G. Fungus Growth— Section 4.8.1 of MIL-E-5272 TYPE 9805-19—SYNCHRONIZER
H. Sand and Dust— Section 4.11.1 of MIL-E-5272 Motor Control Phase— Generator Output—
40/20 volts, 1.7 watts, 400 0.3 volts/1000 R.N.M. Min
cycles Control Transformer Speed-
Motor Reference Phase— 100 degrees f“"fond-Mln.
\ o 57.5 volts, 2.2 watts, 400 Control Transformer—
X TYPE 9805-20— D Yo, @ cycles John Oster Mig. Co. 4053-19
SYNCHRONIZER & Generator Excitation— Motor Generator—
Same as 9805-19 except Control . / 57.5 volts, 3.0 watts, 400 JohnOster Mfg.Co.6232-17
® Transformer Speed is 10 degrees/ cycles

second—Min. Synchronize

TYPE 9616-08—DEMODULATOR
AMPLIFIER

TYPE 9616-07—SYNCHRONIZER
AMPLIFIER

TYPE 9616-16—4-CHANNEL
ISOLATION AMPLIFIER

Input Impedance—
1200 ohms per channel

Input Impedance—
Greater than 25,000 ohms

Input Impedance—
Greater than 50,000 ohms

Output Impedance— Voltage Gain— Voltage Gain—
2830 chms (Dual) Greater than 250 o8 + per channel
Voltage Gain— Load— Load Impedance—

Greater than 115
Supply Voltage—
80D C.

Control Phase of Motor
Generator of 9805-19 or
9805-20

Synchronizer Amplifier

1200 ohms per channel

Supply Voltage—
48VDC
¢l Isolation Amplifier

4 -Chan

Demodulator Amplifier

TYPE 9616-09—SERVO ACTUATOR
AMPLIFIER

TYPE 9616-06—-SUMMING
AMPLIFIER (DUAL)
Summing Inputs—
10 (per channel)
Gain—
Nominal 1.0; variable from
0.1 to 10.0

Input Impedance—
Deg t on Summing

TYPE 9616-15—RELAY
AMPLIFIER

Input Impedance—
Greater than 50,000 ohms
Output Impedance—
400 ohms
Voltage Gain—
Greater than 900
Supply Voltages—
100.0 volts D.C.
28.0 volts D.C.

Input Impedance—
Greater than 15,000 ohms

Relay Closing Voltage—
150-175 Millivolts, 400
cycles

Relay Opening Voltage—
125-150 Millivotts, 400
cycles

Relay Contacts—
4 Pole, Double Throw—
Dry Circuit

Supply Voltage—

28.0V.D.C.

Load Impedance—
ng Greater than 10,000 ohms
Amphhiec  gyupply Voltage—
28 V. D.C.

MANUFACTURING CO. OTHER PRODUCTS INCLUDE:
Specialists in Instrumentation and Display Servos Computers

Avionic Division Synchros Indicators
Racine, Wisconsin Resolvers Servo Mechanisms
Motor Tachs DC Motors Servo Torque Units

EASTERN OFFICE WESTERN OFFICE Engineers For Advanced Projects teres
310 Northern Blvd. 5333 South Sepulveda Bivd. ing varied work on designing transistor cir-
Great Neck, Long Island, New York Culver City, California cuits and servo mechanisms.

Phone: HUnter 7-9030 Phone: EXmont 1-5742 » UPton 0-1194 Contact Mr. Dallas Nielsen, Personnel Mana-
TWX Great Neck N.Y. 2980 TWX S. Mon. 7671 ger, in confidence.
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Rohde, 3160 Adams Road. Sacramento
25, Calif.

St. Louis (6) —R. L. Frazier, 9707 Willow
Creck Lane, Rock Hill 19, Mo.; R. D,
Hill, Jr., 363 Gray Ave., Webster Groves
19, Mo,

Salt Lake City (7)—C. L. Alley, Elec.
Engrg. Dept, Univ. of Utah, Salt Lake
City, Utah; J. E. Dalley. 3920 S. 1380 k.,
Salt Lake City 17, Utah.

San Antonio-Austin (6) —G. 5. \White, Box
9006, Allandale Station, Austin 17, Tex.;
F. X. Bostick, Jr., 3002 Beverly Hills Dr.,
Austin 3, Tex.

San Diego (7)—R. E. Honer, 5462 Mary
Lane Dr., San Dicgo 15, Calif.; 15, W,
Carlson, 2260 Clove St., San Diego 6, Calif.

San Francisco (7)-—\". B. Corev, 385
Gravatt Dr., Berkeley 5. Calif.; S. F.
Kaisel, Microwave FElectronics Corp.,
4061 Transport St., Palo Alto, Calif.

Schenectady (1)—7T. R. Hoffman, 1471
Regent St., Schenectady 9, N. Y.; P. N.
Hess, 1561 Clifton Park Rd.. Schenectady
9, N. Y.

Seattle (7)—L. C. Perkins, Box 307, Des
Moines, Wash.; H. H. Judson, Jr., 2006
14 Ave., N, Scattle 2, Wash.

Shreveport (6)—L.. IHlurley, 2736 Rose-
mont, Shreveport, La.; E. J. Culling, 3252
Sarah St., Bossier City, La.

South Bend-Mishawaka (5)—P. G. Cox,
R.R. 2, 10251 Harrison Rd., Osceola, Ind.;
E. L. Crosby, Jr, 400 S. Beiger St
Mishawaka, Ind.

Subsections

South Carolina (3)—\'". R. Boehm, Charles-
ton Naval Shipyvard, U. S. Naval Base,
Code 210, Charleston, S. C.; 1. L.
Hunter, 49 Fort Dr., Rte. 6, N. Charles-
ton, S. C.

Southern Alberta (8)—R. \W. II. Lamb,
Radio Sta. CFCN, 12th Ave. & 6th St. E.,
Calgary, Alta., Canada; J. D. Moore,
Dept. of Transport, 404 Public Bldg., Cal-
gary, Alta., Canada.

Syracuse (1)>-R. N. Lothes, . E. Co,,
DeWitt Engrg. Office, 3711 Erie Blvd.,
E., DeWitt, N. Y.; R, E. Gildersleeve,
110 S. Burdick St., Favetteville. N. Y.

Tokyo—I. Koga, 254 8-Chome, Kami-
Meguro, Tokyo, Japan; F. Minozuma, 16
Ohara-Machi, Meguro-Ku. Tokvo, Japan.

Toledo (4)—I<. P. Herrick, 2516 Fulton St.,
Toledo 10, Ohio; R. B. Williams, Jr., 3945
Summit St., Svilvania, Ohio.

Toronto (8)- K. MacKenzie, McCurdy
Radio Ind., Ltd.,, 22 Front St.. \W., To-
ronto 1, Ont,, Canada; W. H. \nderson,
321 Sherbourne St., Apt. 110, Toronto 2,
Ont., Canada.

Tucson (7)—Irnest 1.. Morrison, Jr., 4549
[, Eastland St., Tueson, Ariz.; Witsdoce
Bastian, 7132 2. 31 St., Tuscon, Ariz.

Tulsa (6)—Robert Broding, 2820 E. 39th,
Tulsa, Okla.; P. M. Ferguson, 1133 N.
Lewis, Tulsa 10, Okla.

Twin Cities (5)—S. W. Schulz, 3132 Fourth
St., S.E., Minneapolis 14, Minn.; II. D,

Shekels, 1942 Beechwood, St. Paul 16,
Minn.

Vancouver (8)—\W. H. Thompson, 2958
West 28 Ave., Vancouver 8, B. C., Can.:
P. A. Niblock, 745 Svlvan Ave., North
Vancouver, B. C., Can.

Virginia (3)—R. \W. Morton, Box 96, Den-
bigh, Va.; J. B. Spratley, Ellerson, Va.
Washington (3)—]. E. Durkovic, 10316
Colesville Rd., Silver Spring, Md.; Ben S.
Melton, 3921 Mavfair Lane, Alexandria,

Va.

Western Massachusetts (1)—]. J. Allen, 29
Sunnyside Dr., Dalton, Mass.; J. E. Mul-
ford, Sprague FElec. Co., Marshall St.,
North Adams, Mass,

Western Michigan (4)—F. E. Castenholz,
Police Headquarters, Jefferson & Walton
Sta., Muskegon, Mich.; ]. F. Giardina,
1528 Ball, N.E,, R. 4, Grand Rapids 5
Mich.

Wichita (6)- ]. W. D. Brown, 808 Go-
verncour Road, Wichita, Kans.; R. F.

’

Knowlton, 1200 North Derby, Derby,
Kans.
Williamsport (4)—I). M. Jewart, 1400

Faxon Pkwy., Williamsport, Pa.; G. W,
Deming. 1891 East 3rd., Williamsport,
Pa.

Winnipeg (8)--P. F. Windrick, 669 Oxford
St.,, Wimnipeg 9, Man,, Canada; R. 1.
Punshon, Canadian Broadcasting Corp.,
540 Portage Ave., Winnipeg, Man., Can-
ada.

Buenaventura (7)—]. E. Bossoletti, 2004
South “K' St., Oxnard, Calif.;: R. L.
O'Bryan, 757 Devonshire Dr., Oxnard,
Calif.

Burlington (5)—1°. D. Keser, Box 123, Bur-
lington, Towa; Cleo D. Cherryholmes,
2072 Highland, Burlington, Towa.

East Bay (7)—D. O. ederson, Elec. Engrg.
Dept., University of Calif., Berkeley 4,
Calif.; Eugene A. Aas, 2684 Kennedy St.,
Livermore, Calif.

Eastern North Carolina (3)—\\V. ]. Barclay,
Dept. of Elec. Engrg., North Carolina
State College, Raleigh, N. C.; W, J. Speed,
2718 E. Rothgeb Dr., Raleigh, N. C.

Fairfield County (1)-—]. M. Hollywood,
Fairfield House, 30 Lafavette Pl., Green-
wich, Conn.; R. Townsend, 60 Du Bois
St., Darien, Conn.

Lancaster (3)—F. S. Veith, 366 Arbor Rd.,
Lancaster, Pa.; J. Evans, 2109 Lyndell
Dr., Lancaster, Pa.

Las Cruces-White Sands Proving Ground
(6)—H. Coleman, Box 1238, Las Cruces,
N. Mex.; Secretary to be advised.

Lehigh Valley (3)—H. A. Tooker, 2524
Fairview St., Allentown P’a.; M. C. Waltz,
Bell Telephone Labs., 555 Union Blvd.,
Allentown, I’a.

Memphis (3)—Joseph J. Frevmuth, 3205
Guernsey Ave., Memphis 12, Tenn.;
Brother 1. John Haas, Christian Brothers
College, Memphis 4, Tenn.
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Merrimac Valley (1)—Charles E. \White,
16 Dale St., West Pecabody, Mass.;
Donald Christiansen, 12 Hay St., New-
bury, Mass.

Mid-Hudson (2)-—\\". D. Reiner, 276 Man-
chester Rd., Poughkeepsie, N. Y.; Benja-
min Agusta, 53 Colburn Drive, Pough-
keepsie, N. Y.

Monmouth (2)—]. .. Young, Jr., 34 Kemp
Ave., Fairhaven, N. J.; O. E. DecLange,
Bell Telephone Labs., Holmdel, N. J.

Nashville (3)—Paul E. Dicker, 4208 \Walker
LLane, Nashville 12, Tenn,; R. L. Hucaby,
945 Caldwell Lane, Nashville 4, Tenn.

New Hampshire (1)-—Ralph Baer, 134 May-
flower Dr., Manchester, N. 1I.; F. J.
Safford, 71 Concord St., Nashua, N. 11,

Northern Vermont (1)—F. Sichel, 35 Hen-
derson Terrace, Burlington, Vt.; \W. C.
Chase, WDEV, 9 Stowe St., Waterbury,
Vi

Orange Belt (7)—G. D. Morchouse, 3703
San Simeon Way, Riverside, Calif.; \W. G.
Collins, 958 Dudleyv, Pomona, Calif.

Panama City (3)—S. B. Marley, 1912 Cal-
houn Ave., Panama City, Fla.; Robert C.
Lowrey, 2342 Pretty Bayou Dr., Panama
City, Fla.

Pasadena (7)—H. L. Richter, Jr., 4800 Oak
Grove Dr., PPasadena, Calif.; Bertin N.
Posthill, 56 Suffolk Ave., Sierra Madre,
Calif.

Reading (3)—F. L. Rose, 42 Arlington St.,

Reading, Pa.; Ilarold S. Hauck, 216
Jameson Pl Reading, Pa.

Richland (7)-—1’. Richard Kelly, 220 Dela-
tield, Richland, Wash.; G. L. Erickson,
213 Armistead, Richland, Wash.

San Fernando (7)—R. A. Lamm, 13373
Briarwood Dr., Sherman Oaks, Calif.;
Jack D. Wills, Systems Labs., Elec. Spec,
Co., 5121 San Fernando Rd., Los Aungeles
39, Calif.

Santa Ana (7)—'T. W, Jarmie, 12345 Cinna-
bar Rd., Santa Ana, Calif.; R. F. Geiger,
Aeronutronic, a Div. of Ford Motor Co.,
Ford Rd., Newport Beach, Calif.

Santa Barbara (7)—C. P. Hedges, 316 Cole-
man Ave,, Santa Barbara, Calif.; J. A.
Moscley, 4532 Via Iluerto, Santa Bar-
bara, Calif.

South Western Ontario (8)—\\". A\. Ruse,
Bell Telephone Co., 1149 Goycau St.,
Windsor, Ont., Canada; G. L. Virtue, 619
Lounsborough  Rd., Sandwich-South,
Windsor, Ont., Can.

Westchester County (2)—DM. J. Lichten-
stein, 52 Sprain Valley Rd., Scarsdale,
N. Y.; Martin Ziserman, 121 Westmore-
land Ave., \Vhite Plains, N. Y.

Western North Carolina (3)—1L.. L. Caudle,
Jr., Box 2536, 1901-1925 N. Tryon St.,
Charlotte, N. C.; John I. Barron, South-
ertt Bell T. & T. Co., Box 240, Charlotte,
N.C.
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FUNCTION

Haven't you wished for one compact, simple in-
strument that would make precision dec voltage,
de current and resistance measurements over a
wide range?

The new @ 412A is it! In its VTVM circuit, the
412A uses an exclusive @& photo-chopper instead
of old-style mechanical vibrators—no drift, no 60
cps pickup. Input is floating, with resistance in-
creasing from 10 megohms on the 1 mv range to
200 megohms on ranges above 100 mv. Current
and voltage ranges have a 10 db sequence for

4 400L LOGARITHMIC
YOLTMETER—$325

New & voltmeter covers 10
eps to 4 MC; accuracy high
as *2% of reading or 1%

& 100H PRECISION
VOLTMETER—$325
Extreme accuracy as high
as 1% to 500 KC, *2% to
1 MC, +5% full range. Fre-

This precision DC VTVM 1s also
a wide range, precision ohmmeter and ammeter!

1% accuracy
100 nv to

1,000 volts!

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

Measures 0.02 ohms to
5,000 megohmes.

No zero adjustment. 1 minute
warm-up.

Floating chassis. $1,000 worth
of convenience for $350!

maximum readability and overlap. The ohmmeter
is a modified Kelvin bridge eliminating lead resist-
ance error; you measure resistance accurately on
hook-up wire sections as short as 6”.

Model 412A also includes a 1 v or 1 ma recorder
output, and 3 separate probes. Call your & rep
today for a demonstration on your bench. Price,
$350.

HEWLETT-PACKARD COMPANY
1001D PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A.
CABLE ""HEWPACK'' » DAVENPORT 6-7000
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

% 400D WIDE RANGE
VYOLTMETER—$225
Highest quality, extremely
versatile. Covers 10 ¢ps to
4 MC. Highly sensitive, ac-
curate to within *2% to 1

. of full scale. Voltage range
0.3 mv to 300 v, 12 ranges, 1-3-10 se-
quence. Max. full scale sensitivity 1 mv.
Large 5” true log voltage scale, linear
12 db scale, generous overlap. High sta-
bility, high input impedance. Also use-
ful as amplifier for small signals, or
to monitor waveforms.

gy quency coverage 10 cps to
4 MC. Large 5” meter with precision
mirror scale. Voltage range 0.1 mv to
300 v; max. full scale sensitivity 1 mv.
High 10 megohm input impedance mini-
mizes circuit disturbances. Amplifier
with 56 db feedback insures lasting
stability. Reads direct in db or volts.

MC. Measures 0.1 mv to 300 v; max.
full scale sensitivity 1 mv. Reads direct
in dbm. High 10 megohm input imped-
ance virtually eliminates circuit load-
ing. 56 db amplifier feedback insures
high stability and freedom from change
due to external conditions.

Data subject to change without notice. Prices f.0.b. factory s0z8

complete precision voltage measuring equipment

®
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at

Melpar...

... parallel production, development

expedited
production

has been applied
successfully in these
major areas

at Melpar

Printed circuitry and
materials

Acoustic, audio and
ultrasonic systems

Electronic training devices
Countermeasures systems
Ordnance electronics
Aids to navigation

Flight simulators

Radar systems

Telemetry systems

Antennas
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FROM MINIATURE RADAR beacons to complex mission simulators,
Melpar has successfully employed its own techniques of paralleling pro-
duction and equipments development.

This concept of paralleling production and development is successful at
Melpar because of a wholly-integrated production division and broad
experience producing a wide range of electronic and electromechanical
equipments and systems. This method of development and manufacturing
control permits system monitoring from primary design to completed
production, shipment, installation, and field service.

MELPAR ADDS to its ‘‘quick reaction’ capability with extensive produc-
tion facilities, permitting specialized operations such as dip-brazing,
printed circuitry, automatic dry screen etching, and electroplating proc-
esses for base and precious metals—all contributing to the efficiency and
dependability of Melpar's production division.

mean ‘‘quick reaction”

For details on provocative job openings in advanced scientific,
engineering areas, write to: Department 1-10, Profes-
sional Employment Supervisor, 3631 Arlington
Blvd., Falls Church, Virginia—in historic Fairfax

Direction finders County, 10 miles from Washington, D. C.
Fire control systems
Microwave components An Arsenal of Technology 'ﬁ'

Communications equipment MELPAR §?|Nc

- . v
Ana|°g and dlg'tal computers A Subsidiary of Westinghouse Air Brake Company

Automated assembly units Department T-2

MELPAR, INC.

3631 Arlington Boulevard

Falls Church, Virginia

Please send me a copy of your descriptive brochure, which
outlines your full capabilities and resources.

Data handling equipment
Satellite electronics
Reconnaissance equipment

Ground support equipment

Detection and identification TILE —
systems COMPANY B
ADDRESS____ - -

|
|
|
|
|
|
|
NAME o . - !
|
|
|
|
|
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Hunter Named By
CBS Electronics

Donald Hunter has been appointed
semiconductor production superintendent
for the CBS Electronics Div., Colum-
bia Broadcasting
System, Inc., 900
Chelmsford  St.,
Lowell, Mass., in
an  announcement
by L. J. Quirk,
semiconductor plant
manager. Hunter
was previously man-
ager ol production
control.

He joined CBS
Electronics in 1952
as a production su-
pervisor. He also served as a general fore-
man with Transitron Electronic Corpora-
tion and as production manager for Clevite
Transistor Products.

Hunter is a graduate of Northeastern
University  with a degree in industrial
management. More recently he was gradu-
aged from CBS Electronics’ work factor
and supervisory training programs.

Dole R. & D. Director
of Ace Electronics

Ace Electronics Associates, Inc.,Sonier-
ville, Mass.,, manufacturers of precision
potentiometers, announces the appoint-
ment of Fred E.
Dole as Director of
Research & De-
velopment of Ace
Electronics Associ-
ates, Inc, and its
affiliates. His re-
sponsibilities include
supervision of all
matters of design,
prototyping and
production.

Dole has been a
consultant to the
electronic industry in the fields of precious
metals, contacts, switches and other elec-
tromechanical component arcas. For the
past twelve vears he has acted as Director
of the Industrial Division of the J. M. Nev
Company, Hartford, Conn. He served also
as consultant for customer engineering for
the Ney firm on a national basis, prior to
establishing his own consulting firm.

Dole’s wide experience in the preci-
sion potentiometer industry extends over
twenty vears, and his many major contri-
butions to the state of the art have resulted
in large degree in making the miniaturiza-
tion of potentiometers possible. Dole be-
gan his career iu this lickl in the potenti-

28A

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information, Please mention your IRE affiliation.

ometer section of the Radiation Laboratory?
AMULT., where his responsibilities inclnded
all phases of potentiometer design and
manufacturing, as well as laison with all
potentiometer manufacturers,

Vibration Transmissibility
Recorder

A new instrument which makes pos-
sible significant  advances in recording
vibration transmissibilities or other two-
signal ratios, known as the Continuous
Transmissibility  Recorder,  is  being
marketed by Lord Manufacturing Co., Lrie,
Pa.

The Transmissibility Recorder permits
continuous, direct recording of vibration
transmissibilities with greater speed and

previous

accuracy than point-by-point
manual methods. 1t records trausmissi-
bility directly as a function of frequency,
giving a ready-to-use curve.

In addition to vibration testing, its
versatility permits use with signal voltages
representing any two phenomena of in-
terest.

The recorder simultancously accepts
two synchronous signals in the frequency
range of 10 to 5000 cps, measures their
frequency, computes the average ampli-
tude values and plots the ratio as a fune-
tion of frequency. Data is recorded by ink
writing in permanent, easy-to-read chart
form. Special chart papers are available
from the instrument manufacturer.

Results are acceptable to the ASKESA
in qualification testing to MIL spees.

The instrument can be used to deter-
mine these ratios: (1) input voltage vs fre-
quency, (2) time-integral of input voltages
vs frequency, (3) time-derivative of input
voltages vs frequeney. It features four
operating scale ranges, high resolution

WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE
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capabilities, a built-in operating check and
continuously adjustable sensitivity.

Range Time Decoder

Astrometrics, Inc., a division of
Arnoux Corp.,, 11924 W. Washington
Blvd., Los Angeles 66, Calif., announced
this week the development and manufac-
ture of their new Range Time Decoder, the
R'T'D 1501, a search and control device for
automatic utilization of range time sig-
nals. Simple and extremely dependable,
the RTD is economical and is smaller than
existing equipment now available.

When a range time pulse is received.
the sequential counter generates an output
pulse summed with binary *one” detectors.
Provision is made for storing coineidence.,
Sequential counter and memory cireuits
arc reset during frame identilication. When
preselected pulses are present, a signal is
generated during frame identification and
applied to a second memory circuit. Reset
is accomplished when the preselected
pulse is generated. This pulse is used to
start recorders, or as any start signal. \
second set of switches permits a “stop”
signal to be generated at any desired time.
Further information may be obtained by
writing Les Cole at the firm,

WWYV Receiver

A new, transistorized WW\ receiver,
Model WVTR is announced by Specific
Products, 21051 Costanso St., Woodland
Hills, Calif. It is battery operated and re-
quires 33" rack space.

Instautaneous carrier frequency selec-
tivity of 2.5, 5, 10, 15, 20 and 25 mcis

crystal controlled, Double conversion,
1990 ke first IF crystal converter to 90 ke
second IF. Sensitivity is 2 microvolts,
selectivity is 10 ke at 20 db dowuy, hi-lo
impedance antenna inputs, “s” meter, and
phone jack and speaker are provided. Bat-
tery or ac power pack available. Literature
available on request. Price is 8725.00.
(Continned on paye 112:1)
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Creative Microwave Technology W/

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 9

NEW RAYTHEON MAGNETRONS FOR A WIDE RANGE OF APPLICATIONS

Designed for C-band systems
requiring tunability, the
RK-7156 magnetron has a min-
imum peak power output rat-
ing of 250 kilowatts over a
frequency range of 5,450 to
5,825 megacycles. Applica-
tions include a flight-
tested, revolutionary air-
borne weather radar system.
The RK-7156 is in quantity
production.

RK-7156

X-band magnetron for air-
borne search radar provides
one megawatt minimum peak
power and 875 watts average

power within a frequency
range of 9,340 to 9,440 Mc.
Designated QK-624, this
pulsed-type tube is liquid
cooled and should give at
least 1,000 hours of reli-
able service.

£ * *

For ground-based and air-
borne radar systems, the RK-

7529 magnetron provides a
2.0microsecond pulse of 3.5
megawatts minimum peak power
over 2,700 to 2,850 Mc. This
liquid-cooled tube is in-
terchangeable with other
fixed-frequency S-band
tubes operating at similar
power levels.

ik

RK-7529

* * ¥*

A one kilowatt beacon magne-
tron, the RK-7578 weighs
only 14 ozs., yet will with-
stand vibrations of 15 G'Ss
at 20 to 2,000 cycles and
shock up to 100 G's. It is

i

mechanically tunable and
covers the 5,400 to 5,900
Mc range.

RK-7578

® ok %k

Developed to withstand ex-
treme environmental condi-
tions, the RK-7449 magne-
tron is a lightweight, com-
pact tube with aminimum peak
power output of 45 kilowatts
at the operating frequency
of 24 kmc. The RK-7449 is
required to withstand re-

RK-7449

peated shocks of 50G. Stable
operation is guaranteed at
vibration frequencies up to
2,000 c.p.s. with 30G ap-
plied.



CENTRIFUGAL
BLOWER

STATIC PRESIUNE — Il OF w )

SPECIFICATIONS:
200V 50.-60 cps

AIR FLOW
C.FM.
B 1323-12

3 ;hase-

340 CFM free dir delivery ‘

Weight: 9.7 Ibs.’
Ambient: 85°C

Lubrication: Reservoirs assure
continuous lubrication of bearings.
Units censtructed and tested to
applicable military specifications.

Our Field Engineers will gladly assist you
in your cooling problems

Air-Marine motors and cooling units
have been designed and tested to
meet the specifications of both the
military and industry.

air - marine motors, inc.

369 Bayview Ave.
fmityville
% P

AM 4-3700

\@ .

MAQ,‘b

2221 Barry Ave.
Los Angeles
California

v,&“
% & GRanite 8.0896

*ors."

in Canada AAE Limited, Weston, Ontario
WRITE TODAY FOR OUR NEW CATALOG
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The appointment of Frederick J. An-
derson (S’'47-A’19-SM1'55) as director of
engineering for the Data Systems Opera-
tions of Svlvania
Electronic Systems,
a division of Syl-
vania Electric Prod-
ucts Inc., has been
announced by LKu-
gene J. Vigneron,
General Manager of
the Data Systems
Operations. Syl-
vania is a subsidi-
ary of General Tele-
phone & Electronics
Corp.

He previously served as manager of the
Data Processing Laboratory at the Data
Systems Operations. The Needham facility
is engaged in rescarch, development and
production activities in data processing,
special - and  general-purpose  computer
systems, data  transmission and  allied
lields.

An electronics officer in the U. S.
Navy during World War 11, he joined
Sylvania in 1947 as an engineer working on
design and  construction of computing
equipment. He was named manager of the
computer department in 1954,

Mr. Anderson served successively as
manager of the projects department, and
assistant manager of the Avionics Lab-
oratory in the division’s Waltham Lab-
oratories prior to assuming management
of the Data Processing Laboratory in
1958.

A graduate of Stanford University
with the B.S. degree in electrical engineer-
ing, he also studied at Nebraska Wesleyan
University, and Northeastern University.

F. J. ANDERSON

The Board of Directors of the Wur-
litzer Company has elected A. Donald
Arsem (SM'52) a Vice President of the
Company. He join
ed Wurlitzer March
17, 1958 as Man-
ager,  Engineering
and Rescarch of the
North Tonawanda
Division, and will
continue in that
capacity.

Ile received the
B.S. degree in elec-
trical  engineering
from Massachu-
setts  Instinute  of
Technology, and did graduate work at
Syracuse University. Tle is a member of
the Scientific Rescarch Society of America
and the American Rocket Society. In 1943
and 194 he served as Development En-
gincer at the UL S, Bureau of Standards
on Proximity Fuzes. In 1945 he joined
RCA Victor Division, Ground and Marine

AL DL ArseEM

Radar Section, as Development Engineer.
In 1949 he became associated with the
General Electric Company  Electronics
Laboratory in Syracuse. He was respon-
sible for development and system evalua-
tion of the lermes missile guidance sys-
tems as Assistant Head of the Missile
Guidance Section of General Electric.

From 1951 to 1953 he headed the Mag-
netic Materials \pplication Section  at
General Electric. From 1953 to 1955 he
was Manager of Advanced Product De-
velopment of General Electric’s Electron-
ics Laboratory, responsible for both com-
mercial and military  development pro-
grams.

In 1955 he became Manager of In-
gineering for Stewart-\Warner Electronics
in Chicago, with responsibility for such
primary product fields as military com-
munications, IFF cquipment, automatic

direction finders, micro-wave Dheacons,
radar altimeters, and data processing
svstems.

0.0

Dr. Chao C. Wang (\'43-SM’49-F'57),
Electrical Engineering Department Head
for Microwave Tube Research at Sperry
Gyroscope  Coni-
pany, Great Neck,
Long Island, has
been awarded  the
VICTOR EMAN-
UEL DISTIN-
GUISHED PRO-
FESSORSHIP at
Cornell Univer-
sity’'s  College  of
Engincering, for the
Spring, 1960 term.

Professor Wang
was  sclected  in
keeping with the original intent of confer-
ring the honor on distinguisbhed men who
would be “brought to the campus chiefly
for their ability to stimulate (Cornell)
staff both academically and profession-
ally.™ As the recipient of this award, Pro-
fessor Wang is not required to hold formal
classes at the University, but he is con-
ducting seminars for graduate students
and faculty members and is regularly con-
ferring with men engaging in research in
his field of interest.

A Sperry Gyroscope research scientist
since 1946, he is known widely for his lead-
ership in microwave science and especially
for hix many basic contributions in the
electron physics and microwave tube helds.
Hix detining works in the microwave tields
of gridless klystron cavities, magnetic and
space charge focusing systems for clectron
beams, theory of small and large signal in-
teraction of microwave structures with
clectron beams, and especially in the use of
computers in the research and develop-

C. C. Waxc

(Continned on page 32.4)
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FRO M HIGH CAPACITY STATIC INVERTERS WITH NO MOVING PARTS
Delco Radio's high capacity Static Inverters and Converters fill a critical
need in missile guidance and control—offering extremely reliable, very
highly regulated power of precise frequency. The Static Inverters use direct

crystal-frequency control and digital logic circuits to produce accurate,

single or polyphase power output. They have no moving parts. There is nothing

that can get out of adjustment. Electrical characteristics are: High Capacity—

150 to 4,000 volt-amperes. High Efficiency—65 to 90% depending on power and

control (precision and regulation) required. Accurate Phase Angle Control—to

0.5 degree. Precise Frequency Control—up to 6 parts per miflion maximum variation under all load and
environmenta! conditions. Voltage Amplitude Control—to +1% no load to full load. Low Distortion—
typically 2% total harmonic distortion. Delco Radio has developed and produced power supplies for
missiles such as the Air Force's Ballistic Intermediate Range Thor, Intercontinental

Titan, and the pilotless aircraft Mace. For further information on military electronics,
write to our Sales Department. Physicists and electronics engineers: Join Delco Radio’s
search for new and better products through Solid State Physics. D E LCO

PIONEERING PRECISION PRODUCTS THROUGH SOLID STATE PHYSICS RAD'O
Division of General Motors + Kokomo, Indiana
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On Target,'
Because...

B&L optical-electronic-mechanical
capabilities help align azimuth on
Polaris Submarines

To sharpen the shooting eye of this

deadly fish, Bausch & Lomb developed four
different instrument systems to convey
optical and electronic information between
the missile guidance package and the
inertial navigation system.

Accuracy of these systems is
measured in terms of one second
of arc: 1 part in 200,000,

The integrated skills of Bausch & Lomb
sped these four Polaris projects

through every phase of development:
complete original design, BuOrd
documentation, fabrication. We’d like to
rapply the same skills to your project.

MRy -t Rl 3y

WRITE for B&L Capabilities Bulletin . . .

and for help in the development and manufacture
of optical-electronic-mechanical systems.

Bausch & Lomb, 99807 Bausch St.,

Rochester 2, N. Y.

BAUSCH & LOMB

<.V
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ment of microwave tubes have been an in-
spiration to his co-workers both at Sperry
and elsewhere

He was graduated from Hiao-Tung
University in Shanghai with the B.S. De-
gree in 1936. He received the M.S. and
] mic
from wrvard  University 1938 and
1940

Professor Wang is a member of the
American Physical Society and the \ieri-
can Association for the Advancement of
Science. tle has published a number of
papers on microwave tube theory and
holds several patents.

3
<

Appointment of Richard H. Baker
(V54-S)N1'36) as Manager of the Ballistic
Missile Farly Warning System (BMEWS)
in the United King-
dom has been an-
nounced by D, Brai-
nerd Holmes, Man-
ager of BMEWS,
Moorestown Missile
and Surface Radar
Division, Radio
Corporation of
America.

The announce-
ment follows RC.\'s
receipt of a letter
contract, announced
today by the U, S. Air Force, authorizing
the implementation of the third BMEWS
site at Fylingdales Moor in Yorkshire,
England.  This  contract  supplements
RCA's prime contract for the BMEWS
project.

Mr. Baker will have over-all responsi-
bility for the management of the BMEWS
program in the United Kingdom, working
with RC\ Great Britain  Limited, of
Loudon, which has functional and admin-
istrative responsibilities. He will supervise
the initial phases of planning, construction
and implementation of equipnient at the
third BMEWS site, as well as maintaining
liaison with RC.\'s major subcontractors
at that location.

Plans to construct a BMEWS installa-
tion in England were announced jointly by
the United States and British govern-
ments in February, BMEWS sites are
already  under construction in  Thule,
Greenland, and Clear, Alaska. Upon con-
struction of the third site, the system will
provide complete radar detection coverage
of the U. S, Great Britain and Southern
Canada against enemy ICBM attacks from
beyond the Northern Polar regions and the
Eurasian land mass.

Mr. Baker has been associated with the
BMEWS program in various adminis-
trative capacities since it was started early
in 1958. Before his recent appointment he
was Manager, BMEWS Quality, Reliabil-
ity and Subcontracted Projects. He joined
RCA in 1954 as Mauager of Standards Fn-

(Continued on page 35.4)

R. 1. BAKER
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FAST
SWITCHING

HIGH CONDUCTANCE
in
SILICON JUNCTION
DIODES

Reliability In Volume . . .

A DIVISION OF CLEV

CLEVITE

SWITCHING TYPES
New circuit possibilities for low impedance, high current applications
are opened up by Clevite’s switching diodes. Type CSD-2542, for ex-
ample, switches from 30 ma to —35v. in 0.5 microseconds in a modified
IBM Y circuit and has a forward conductance of 100 ma min@1 volt.
Combining high reverse voltage, high forward conductance, fast switching
and high temperature operation, these diodes approach the ideal multi-
purpose device sought by designers.

GENERAL PURPOSE TYPES

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

MILITARY TYPES

JAN SIGNAL CORPS
IN457~ MIL-E-1/1026 }NGGZ- MIL-E-i/HBS
1IN458 = MIL-E-1/1027 N663= MIL-E-1/1140
IN4S9= MIL-E-1/1028 IN658= MIL-E-1/1160

1IN643~- MIL-E-1/1171

All these diodes are available for immediate delivery. Write now for
Bulletins B217A-1, B217A-2 and B217-4.

ITE TRANSISTOR

conmonarion 254 Crescent Street Waltham 54, Mass. Tel: TWinbrook 4-9330 —A
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from page 32.1)

gincering for Defense Eleetronie Products
in Camden, New Jersey, and was later pro-
moted to Manager, Central Services and
Engineering.

A graduate of Case Institute of Tech-
nology in 1936, Mr. Baker has been em-
ploved in military defense industries for
many vears. He is a member of Tau Beta
Pi and the American Ordnance Associa-
tion. He is also a registered engineer in
the States of California and New Jersey.

o

E<]

George M. W. Badger (§'50-.\'52
M'56) has been appointed to the newly-
created position of Product Manager, Pow
er Klyvstrons with
Eitel - McCullough,
Inc., San  Carlos,
Calif., manufactur-
er of Eimace clee-
trompower tubes.

Hejoined Eimae
in 1953 as  re-
search engineer. He
was  project  cugi-
neer on ecarly de-
velopment of the
company’s  power
klystrons, and later
was in charge of Fimac’s color television
laboratory. '

Prior to joining Eimae, he helped
pioneer development of the Lawrence color
television picture tubes. He left the posi-
tion of Eimac's Manager, Research and
Development, to assume his present post.

Badger received the B.S. degree in
clectrical engineering from the University
of California in Berkeley. He holds ama-
teur radio license WORNW,

G. M. W. Babpcir

°
o

The creation of a new position of vice
president, Electronics Systems and Equip-
ment Operation, has been announced by
the Crosley Division, \vco Corporation.

F. C. Reith, president of the Crosley
Division and Aveco vice president, said
that Jack L. Bowers (\'l4-S\I'55) has
been named to the new post,

As vice president of the Electronics
Systems and Equipment Operation, he will
be responsible for the Crosley Division's
engineering, marketing, production and
administration for radar, ground com-
muuications  cquipment  and  electronic
systems.

Among the several products included in
the Electronics Systems and Equipment
Operation are the giant FPS-26 height
finder radar designed and produced by
Crosley for the U. S, Air Force. Electronic
systems, including the ASG-1S fire control
svstem used in the B-52, and the \'RC-12
ground communications unit for the U, S,
Army, are other products that will be
handled by the operation headed by Mr,
Bowers., ’

For the last four vears as assistant chief

( nued tage 36.1)
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Aluminum
99.992"% Pure
Now Mass Produced

For highest reliability capacitors and other uses in the
electronics and electrical fields, Super Purity Aluminum
has proved its marked superiority. Electrical conductivity
is approximately 5 per cent greaterthan that of EC aluminum,

Now a plant expansion at Aluminum Foils, Inc.—largest
producer in America—makes Super Purity Aluminum
(known as Raffinal”) readily available for prompt shipment
in quantities as desired.

Raffinal® is available in the form of foil and coiled sheet.

This aluminum has an average purity of 99.996% and a
guaranteed minimum of 99.992%;.

If interested, please mail coupon

ALUMINUM FoOILS, INC.

Jackson, Tenn.

P — e ——— — — T G——— S —

Sales Offices: ALUMINUM FOILS, INC. |
: Jackson, Tenn.

155 East 44th St. 33 South Clark St. I Please send data on Super Purity Aluminum to:l
New York, N. Y. Chicago, Ill. Name o ) :
Hanna Building Meadows Building —

1422 Euclid Ave. North Central Exp. | Il *’ ‘ I
Cleveland, Ohio Dallas, Texas | Address _ |
Box 325 2962 Grandview | city ) State

La Habra, Calif. Atlanta, Ga.

L__ |

POSSIBLE USE
(I
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PLATE AND GRID CAPS

lllustrated are the stock military and standard
ceramic Millen plate and grid caps and the snap
lock caps for mobile and industrial applications
requiring tighter than normal grip. Standard
plate caps have phosphor bronze clips; military
plate caps have beryllium copper clips.

JAMES MILLEN MFG. CO., INC.

MALDEN
MASSACHUSETTS
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(Continued trom page 33.1)

engineer, design. he has been in charge of
destgn of the Atlas intercontinental bal-
listic missile for Convair \stronautics, a
division of General Dynamics Corporation.
FFrom 1946 10 1956 he held other positions
i Convair related to missile and electron-
ies development.

During World War 11, he served three
vears with the UL S \ir Force and won the
Legion of Merit for his work in electronic
countermeasures  and  guidance at  the
Special Projects Laboratory at Wright-
Patterson \ir Force Base. At the end of
World \War I, he left the service with the
rank of Captain.

Mro Bowers ix a native of Colorado
Springs, Colorado, and Aberdeen, Wash-
mgton. lle holds the Bachelor of Science
Degree in Electrical Engineering from the
Carnegie Institute of Technology in Pitts-
burgh and has taken further graduate
work at New York University and the
University of California at Los Angeles.
Ie has <erved as chairman of the Elec-
tronic Equipment Technical Committee of
the Aerospace Industries Association.

Dr. Charles R. Burrows (\'24 \|’38
SMH3 F'43), internationally  prominent
scientist, has joined Page Communications

36A WHEN WRITING

Lngineers, Ine. as
Viece President and
Director  of  Re
search and Devel-
opment, Iisterhy C.
IPage. President,
announced

’rior 10 joining
PPage, a Northrop
stubsidiary. Dr. Bur-
rows was \Viee Pres-
ident  lingineering
for Radiation. Tne..
Melbourne,  Fla.,
where he established their advanced de-
velopment division At Page. he will be re-
sponsible for the technical administration
of the tirm's space and satellite communi-
cations projects, and continuing research
in the tields of radio relay svstems, naviga-
tional techniques and wave propagation

IZarlier, Dr. Burrows was Vice Presi-
dent for Engineering at the Ford Instru-
ment Company Division of the Sperry
Rand Corporation. From 1943 until 1936,
Dr. Burrows was Professor of llectrical
Lngineering and Director of the School of
LElectrical  Fangineering at Cornell Uni-
versity.

During his 11 vears at Cornell, Dr.
Burrows organized a research program on
radio astronomy, the lirst to be established
in any American university. le was also
a consultant 10 the University of Texas,
Svracuse  University.  Bendix  \viation
Company, the General lilectric Company
and the U, S0 Navy Electronies Labo-
ratory .

Dr. Burrows has had extensive expe-

C. R, Brerows

TO ADVERT!SERS PLEASE MENTION—PROCEEDINGS OF THE IRE

rience in both radio and electrical engineer
ing and contributed 1o the design of trans-

itters used  for long-range  telephone
across the \tlantic.

[nternationally known as an expert o
clectromagnetic wave  propagation,  Dr.
Burrows was an \ssociate Chief Seientist
ol the General Eleetric Company’s \d-
vanced lectronies Center,

Just prior to World War 1. Dr. Bur-
rows worked on the development of the
proximity fuse and liter on eleetromag-
netic counter measures and the develop-
ment of high power radio equipment.

During the war, he was chatrman of the
Wave Propagation Committee ol the
National Defense Research Commitiee,
coordinating all rescarch work in this held
atfecting the war effort.

FFor 21 vears, Dr. Burrows was a4 mem
her of the technical statl of the Bell Tele
phone Laboratories. where he spectalized
in advanced electronies research.

lle served as Viee President ot the
International Scientitic Radio Union and
s a Fellow and past director of the Tnst
tute of Radio Engineers. From 1946 10
1054 he was president of the Joint Com-
mission on Radio Meteorology of the Inter-
national Council of Scientific Unions.

Dr. Burrows received the A, and
Ph.D. degrees in physics from Columbia
University. He graduated from the Uni-
versity of Michigan in 1924 with the
B.S.E.and later received the 1215 degree
there.

Heisa Fellow of the American Physical
Society and is a member of the \merican

Continuned on page S8
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New LAMBDA
Regulated Power Supplies

5 and 10 AMP 0-34 VDC

CONVECTION COOLED

e Convection cooled—no in-
ternal blowers to wear out

o Guaranteed for a full
S years

e Ambient temperature 50°C

e Excess ambient thermal

U protection

ON . . . .
10 AMP e Special, high purity foil,
MODELS

hermetically sealed long-
life electrolytic capacitors

e Hermetically sealed trans-
former designed to
MIL-T-27A

372 PANEL HEIGHT ON S AMP MODELS

e Remote sensing and DC
vernier

New LAMBDA LA Series Condensed Data

DC OUTPUT:
(Regulated for line and load)

MODEL VOLTAGE RANGE' CURRENT RANGE? PRICE
[.A50-03A 0-34 VDC 0- 5A %395
LAS0-03AM 0-34 VDC 0- 5A $425
LA 100-03A 0-31 VDC 0-10A 8510
LA100-03AM 0-31 VDC 0-10A 8540

1 The output voltage for each model is completely covered in four steps by
selector switches plus vernier control and is obtained by summation of
vollage steps and continuously variable DC vernier as follows:

MODEL VOLTAGE STEPS

LA 50-03A, LA 50-03AM—2, 4, 8, 16 and 0-4 volt vernier
LA100-03A, LA100-03ANM—2, 4, 8, 16 and 0-1 volt vernier

2 Current rating opplies over entire output voltage range

Regulation: Line: Better than 0.15 per cent or 20 millivolts
(whichever is greater).
Load: Better than 0.15 per cent or 20 millivolts
(whichever is greater).
Transient
Response:  Line or Load: Output voltage is constant within
regulation specifications for step function line
voltage change from 100-130 VAC or 130-100
VAC or for step-function load change from 0 to
full load or full load to 0 within 50 microsec-
onds after application.

Ripple

and Noise: Less than 1 millivolt rms with either terminal
grounded.

AC INPUT:

100-130 VAC, 60 == 0.3 cycle. This frequency
band amply covers standard commercial
power lines in the United States and Canada.

OVERLOAD PROTECTION:

Electrical: Magnetic circuit breaker front panel mounted.
Special transistor circuitry provides indepen-
dent prolection against transistor complement
overload. Fuses provide internal failure pro-
tection. Unit cannot be injured by short cir-
cuit or overload.

REMOTE SENSING:

Provision is made for remote sensing to
minimize effect of power output leads on
DC regulation, output impedance and tran.
sient response,

PHYSICAL DATA:

Size: LA 50-03A...3%"" Hx 19" Wx 143" D
LAI00-03A...7" Hx19” Wx113"D

Panel Finish: Black ripple enamel (standard). Special fin-
ishes available to customers specifications at
moderate surcharge. Quotation upon request.

Send today for complete data

LAMBDA ELECTRONICS CORP,

11-11 131 STREET ¢ DEPT.;3:9-COLLEGE POINT 56, N. Y. « INDEPENDENCE 1-8500



Thermal
Expansion
. \ ‘t v

D) specialized alloys
for-glass hermetic seals

RODAR'

NIRON S2
NIROMET 46

PERMANENTLY-BONDED
VACUUM-TIGHT SEALS!

NOMINAL ANALYSIS: 29% Nickel, 17% Cobalt,
0.3% Manganese, Balance—Iron

Rodar matches the expansivity of thermal shock
resistant glasses, such as Corning 7052 and 7040.
Rodar produces a permanent vacuum-tight seal with
simple oxidation procedure, and resists attack by
mercury. Available in bar, rod, wire, and strip to
customers’ specifications.

% IRE People

(Continued from page 364)

Rocket Society and the \merican Ord-
nance Association.

°,
o

Earl Chiswell (\'53-M'56) has been
promoted to Central Regional Sales Man-
ager and J. Gordon Schontzler (S'51-\"53
-M’'58) to Lastern Regional Sales Man-
ager, it has been announced by Dr. E. M.
Baldwin, Vice President and General
Manager of the Rheem Semiconductor
Corporation. This corporation, located i
Mountain View, Calif., manufactures sili-
con diodes, transistors, and special assem-
blies.

Prior to joining Rheem, Mr. Chiswell
was Director of Sales for General Elec-
tronic Controls, Inc.; Research Scientist in
instrumentation laboratory for the Uni-
versity of Minnesota; Staff Consultant
and Design Specialist at the University
of Minnesota, and Head of Test Instru-
mentation for Propulsion Wind Tunnel,
AEDC.

In his new position, he will have juris-
diction over the central United States re-
gion.

He graduated from the University of
Toronto with a M.S. degree in electrical
engineering. He is a mewmber of the Insti-
tute of Aeronautical Sciences, the Instru-
ment Society of America, and the Rocket
Society of America.

Mr. Schontzler was formerly District
Sales Manager in the Northeast District
for Raytheon Company. For a period of
three years he was employed as a member
of the Technical Staff in the design of
transistorized carrier equipment for Bell
“I'elephone Laboratories.

In his new capacity, he will head the
entire Eastern Region for Rheem Semi-
conductor Corporation. e is a graduate
of Brown University and holds the B.S.E. L,

COEFFICIENT degree from that school.
Average Thermal OF LINEAR i i isw

Temperature Expansion EXPANSION Before their promotions, Mr. Chiswell

Range *em/em/°Cx10-7 *As determined and Mr. Schontzler were employed as
30° To 200°C. 43.3 70 53.0 from cooling Sales Engineers for Rheem. Both men will
30 300 44.1 517 ﬁlér:fisﬁ;f}:' :';: report to Rudolph Maravich, Manager of
30 400 454 508 drogen for one Field Sales.
30 450 50.3 53.7 hour at 900° C.
30 500 571 62.1 L PGl K

utes at 1100° C.

NOMINAL ANALYSIS: 51% Nlickel, Balance—Iron
This Wilbur B. Driver nickel iron alloy contains
517% nickel. Niron 52 sealing alloy is exceptionally
well adapted, and widely employed, for making seals
with 0120 glass.

NIROMET" 46

NOMINAL ANALYSIS: 46% Nickel, Balance—Iron
A 46% nickel-balance iron alloy with expansion
properties between Niron 52 and Rodar. It is used
extensively as terminal bands for vitreous enameled
resistors.

H. S. Christensen (M'46) has joined
the product management statl of the
Avionics Group at Bendix Radio Division
in Baltimore, ac-
cording to an an-
nouncement by C.
1. Rice, Manager of
Avionic Products.

Rice said that
Christensen will be
responsible for coor-
dination and plan-
ning of the com-

(;tallfor pany's business air-

WAL raft product line.

i WILBUR B. DRIVER CO. 70" ™ 1 cusmnans
oy : sta

Bulletin NEWARK 4, NEW JERSEY, U.S.A. that this appoint-

IN CANADA: Canadian Wilbur B. Driver Company, Ltd,
50 Ronson Drive, Rexdale (Toronto)

nient was consistent with the Division's
long range plans for expansion of the Avion-

Precision Electrical, Electronic, Mechanical and Chemical Alloys for All Requirements (Continued on page 10:1)
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NEWS
&
COMMUNICATION

Another Example of ROHDE & SCHWARZ Contribution to Precise Measurement.

AUTOMATIC RECORDING
AUDIO-FREQUENCY SPECTROGRAPH
ANALYZER AND RESPONSE
PLOTTER (TYPE FNA)

FEATURES

Automatic Spectrum Analyzer

e Built-in recorder with full 80 db coverage on one
measurement range

e Narrow and wide band operation

e Slow and fast motor drive

® Any 4 kc within the range can be spread out
over the entire range

- With Synchronous Oscillator

e Synchronization of oscillator and analyzer-recorder
by electronic means

o Single dial control for combined oscillator
and analyzer

e Ideal for selective frequency-response measurements

a) When wide attenuation range is required
b) When hum and noise make wideband
measurement impossible

e Permits plotting of loudspeaker characteristics in

the presence of ambient noise

W SIS 0 . | e Qutput voltage variable from microvolts to 100 volts

- FHA-Spaktragrom an aase

oot e | ! . APPLICATIONS

d ; L e Fourier analysis of complex wave forms and

pulse voltages
- S e e Noise analysis
—l_ - ® Measurement of signal to noise ratio,of spurious
O O ' frequencies and hum
ot et » ® Measurement of harmonic distortion, intermodula-
= = e 1 ’ _ ] tion distortion and modulation products
I 5 08 ) R 00 15 e Analyses of sounds and complicated
ol movements in conjunction with a suitable micro-
» i ! phone or vibration pickup
z I ] i R B T o Complete frequency test assembly for amplifiers,
! i filters, microphones, loudspeakers, etc., in
75 i 10 conjunction with the synchronous oscillator
T i |

EN I . -

SO WRITE FOR DETAILED
6 PAGE DATA BULLETIN FNA

ROHDE & SCHWARZ

) % 111 Lexington Ave., Passaic, New Jersey
. & Telephone: PRescott 3-8010

T ARgyuwnD A\ Cable Address: ROHDESCHWARZUSA

SEE ROHDE & SCHWARZ EQUIPMENT AT THE WESCON SHOW
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SARKES TARZIAN SILICON RECTIFIERS

Two series that combine

small size with large capacity

Here are two closely related series of high-performance Tarzian
silicon rectifiers with oversized junctions capable of handling inrush
currents far in excess of normal current requirements. Their
stability and excellent thermal characteristics are due to careful
selection of materials and close quality control. Their low cost is
the result of typical Tarzian efficiency in volume production.

Mu—-' % max.

.=,;==. F SERIES

The Tarzian F Series now includes four silicon rectifiers...

covering a current range of from 200 to 750 milliamperes dc (to 85°C).
Low forward drop and low reverse current are feature

with positive environmental seal and axial leads.

ADVANTAGES

Small size ¢ Lowcost ¢ Oversized junction
Versatile mounting ¢ Immediately available

Max. Amps
Tarzian Amps. DC Max. Recurrent Surge
Type (85°C) PIV RMS Volts Peak (4MS)
2F4 .20 400 260 2.0 20
F-2 75 200 140 7.5 75
F-4 75 400 280 7.5 75
F-6 75 600 420 7.5 75
arse p— i max:
—_— 270"
— & —‘_i_ H SERIES
|

The Tarzian H Series includes six rectifiers rated at 750 milliamperes
at 100°C. The H Series features hermetically sealed units with
axial leads plus low forward drop and low reverse current.

ADVANTAGES

Small size ¢ Low cost ¢ Hermetically sealed
Heavy duty junction e Available from stock

Max. Amps
Tarzian Amps. DC Max. Recurrent Surge
Type (100° C) PIV RMS Volits Peak (4MSs)
10 H 75 100 70 7.5 75
20 H 75 200 140 7.5 75
30H 75 300 210 7.5 75
40 H 75 400 280 7.5 75
SOH 75 500 350 7.5 75
60 H 75 600 420 7.5 75

For additional information, write Section 5023C. Sarkes Tarzian
is a leading supplier of silicon, tube replacement, and selenium
rectifiers. Practical application assistance is always available.

SARKES TARZIAN, INC.

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

40A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA
] /1 Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, Inc., New York
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(Continued from page 38:)

ics product line to include equipment
specifically  designed  for  intermediate
twin-engine aircraft.

Christensen comes to Bendix from the
Aireraft Radio Corporation, where he was
Commercial Sales Manager. Earlier activi
ties at ARC, dating back 10 19453, included
operation of the Company’s flight depart-
ment, service as chief pilot. engineering
liaison with government agencies, and the
establishient of the commercial products
sales division.

He has a long background in aviation
and electronics. After a formal electrical
engineering education at the University
of Nebraska and the University of the
Philippines, he spent several vears in the
broadcast industry. te holds a commer-
cial pilot’s instrument rating and has over
10,000 hours flight time, part of which
dates back to the mid-1920s when he was
first connissioned as a flying officer in the
U. S, Army Air Corps. He qualified as a
Naval Aviator in 1943.

He was officer-in-charge of  Project
CAST during World War 11, the experi-
mental flight test unit which evaluated
many of the new clectronic developments
of the MI'T Radiation Laboratory and
Iarvard’s Radio Research Laboratory.
He received the Legion of Merit for that
assignment and is a retired Captain in the
U. S, Naval Reserve.

He has served with various committees
of The Radio Technical Commission on
Aeronanttics and as technical consultant to
the Aircraft Industries \ssociation.

*
o

Formation of a new components divi
sion by Hughes Aircraft Company to de
velop and market commercial microwave
components has
been announced by
Iden F. Richardson,
vice president.

Charles W. Cur-
tis (S'49-A750
M’55)has been ap-
pointed manager of
the new division;
he has been acting
manager of the
company's  micro-
wave laboratory,
which now becomes
the nucleus for the new division. The com-
ponents division will market a line of
products including microwave  compo-
nents, antennas and advanced structures,
with other new products 1o be developed.

Mr. Curtis, manager of the new divi-
sion, has been at Hughes since 1949, when
he joined the technical stalf of its airborne
systems group. He has served as head of
various company microwave sections and
departments, and in 1958 became head of
the microwave engineering department of
the microwave laboratory. In January of
this vear he was appointed acting maunager
of the microwave laboratory. He graduated
fromt the University of California in 1947,

C. W Curris

(Continued on page 42:1)
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AN ACHIEVEMENT IN DEFENSE ELECTRONICS

AN/FSA-12--First to detect and process
3-D radar data automatically

The first equipment to successfully automate
the processing of three-dimensional data direct
from a working radar, the AN/FSA-12 (XW-1)
has operated since 1958. This detector tracker has
enabled General Electric to develop many im-
proved radar techniques and equipment.

New concepts in correlation and smoothing in
the track-while-scan method have been demon-
strated. Delay lines applied to digital techniques

and plug-in wiring boards have been improved.
New ideas in data storage and digital circuitry
have been applied.

This experimental model continues to be a prov-
ing ground in research and development of ad-
vanced military electronics. A completely solid
state production version of the AN/FSA-12 will
soon be available for many of our nation’s air
defense radar sites. 17604

Progress Is Qur Most Important Product

HEAVY MILITARY ELECTRONICS DEPARTMEP?:FEE‘SESYE;iCC]:SOET‘Iﬁzwm\;g:ltN / G E N E B A L @ E lE CT R I c




TOROIDAL
COIL
WINDER -
*1290 e

2-Ib. loading capacity

This is the largest of the Harder Toroi-
dal Coil Winders. Its big, 24-inch
diameter winding ring will handle
coil stacks 6-inches high and 6-inches
in diameter. Up to two pounds of wire
may be stored in the oversize wind-
ing ring. Smaller rings are available
when maximum fill is required. This
machine is an outstanding buy priced
at only $1250 complete.

Harder Coil Winding Machines are
made in five models to handle ring
sizes from 3 through 24 inches. This
permits the production of coils rang-
ing in size from miniature to heavy
duty. The design was developed
in Government Laboratories and
accepted by the Navy as outstanding
in its field. Hundreds in use at leading
companies. Write for free booklet.
Donald C. Harder Company, 2580
“K” Street, San Diego 2, Calif.

HARDER GO.

42A
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receiving the B. \. degree in physics, and

has done graduate work at the University
of California and at UCL.\.

o,
o

Ferdinand P. Diemer (846 \'49-
AM'55) of Los Angeles has been appointed
vice president and director of engineering
for the Defense
Products Group of e
Daystrom, Incor-
porated, according
toanannouncement
by Charles  D.

Manhart, group
president. -~-
Mr. Diemer will “-—
coordinate all engi- v
neering  activities I = .
being carried on by
F. P. DiEMER

the Defense Prod-
ucts Group's four
divisions and will assist in organizing a
systems development team for the Military
Electronies Division at  Archbald, DPa.,
in support of Daystrom’s expanding de-
fense program.

Mr. Diemer has devoted his entire
professional carcer to electronics and de-
fense systems. In joining Dayvstrom, he
moves from the post of projects manager
on the advance planning stafi of the
Hughes Nireraft Company’'s laboratories in
Culver City, California.

Farlier he was director of engineering
for Caltronics Corporation of Los Angeles.
From 1954 to 1957 he was technical ad-
viser to the president and manager of the
Applied Physics Group of G. M. Gilannini
and Company, Pasadena.

A native of New York City, Mr.
Dicmer holds a bachelor's degree in elec-
trical engineering from Cooper Union, New
York, and a master’s degree from New
York University, N. Y. He has taken ad-
vance work towards his doctorate degree
at New York University, Polvtechnie In-
stitute of Brooklyn, Massachusetts Insti-
tute of Technology, University of South-
ern California and tne University of Cali-
fornmia at Los \ngcles.

The new Daystrom exccutive spent

quick-disconnect
or permanently connected

MODULOK"

terminal block

with snap-in, spring-loaded contacts

True versatility in a terminal
block. 30 modules (2 or 4
tier) per foot. Twist of a
screwdriver transforms
quick-disconnect contacts to
permanent connections.

v e smme sy

two years in the Army and Signal Corps
during World War 11, serving in the
lLuropean and Pacilic theaters.

Mr. Diemer is a member of the Ameri-
can Institute of Electrical  lingineers,
Instrument Society of America, Industrial
Mathematics Society, Society for Indus-
trial and Applied Mathematics, Institute
of Computing Machines and the Institute
of Environmental Engineers.

3

£x3

In a move designed to intensify and ex-
pand development work in several areas of
electronies, Daystrom, Incorporated has
named Roswell W,
Gilbert (N'46- 160
as director of cor-
porate research.

FAe .

S

Thomas Roy
Jones,  the  tirm's
president, an-

nounced his promo-
tion; for the last
two years he has
been vice president
of research and de-
velopment for Dav-
strom’s  Industrial
Products Group, Newark,

In discussing the program, Mr. Gilbert
reported that his group will concentrate
on specific areas of intensified research in
electrical measurements, semi-conductors,
metallurgy, data  systems and  control
svstems. [ts members will have the guid-
ance and assistance ol Daystrom’s Tech-
nical  Advisory  Committee, which was
named last fall. The committee is unique
in industry. It is made up of five key pro-
fessors or deans of engineering schools, who
specialize in one or more areas that oc-
cupy the company’s divisions.

After attending  Lehigh  University,
Mr. Gilbert joined Weston Electrical In-
struments Corporation, Newark, in 1934,
He served as development eagineer until
1938 when he became chief of the com-
pany's aireraft engineering division, a posi-
tion that he held for four years. During th
following four vears, he directed Weston's
Rockaway Valley Laboratory in Boonton
and then became the company’s director of
Rescarch, After Davstrom acquired Wes-
ton, he was made director of research and
development for the Industrial Products
Group.

He is a member of the American Insti-

R. W. GILBERT

(Continued on page 44-1)

*trade mark

For complete information, write: OMATON DIVISION, BURNOY—Norwalk, Connect.
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Testing insertlon characteristics of X-band filter with Alfred Swept Generator. It consists of Alfred
Microwave Oscillator and Alfred Microwave Leveler. This combination electronically sweeps fre-

—

-

quency linearly with respect to time while maintaining RF power virtually constant across the band.

Leveled Input,
o] 10dbm *=1db

~

Continuously Adjustable
Frequency Markers
set ot 8.35 and 9.5 kmc

Sove Test lime, Aesure Tost Aecuracy

The scope patterns tell the story. Top pattern shows constant power input from
Alfred Swept Generator to component (filter) under test. With known input,
variation in output is due to filter characteristics. Lower pattern is especially
significant, showing continuous, flicker-free display, 8 to 10 kmc. Any changes
in stubs or irises are immediately reflected. Measurement accuracy is assured
at every frequency, not just at selected points.

with ALFRED'S new
SWEPT Microwave

Generator...........

THIS TECHNIQUE CAN BE USED FOR MOST PRESENTLY KNOWN MICROWAVE TESTING
APPLICATIONS. HERE’S WHY IT'S FASTER THAN CONVENTIONAL SIGNAL GENERATORS:

% Continuous Display allows immediate
measurements — no plotting needed.
Trace can be recorded if desired.

% Sweep Technique eliminates time-con-
suming *“point-to-point” frequency and
power setting methods of conventional
signal generators. Sweep range is contin-
uously adjustable with 1% accurate Direct
Reading Slide Rule Dial.

% “Quick Look Readout” eliminates cal-
culations in setting sweep range.

¥ Adjustable Frequency Markers allow
rapid, broadband calibration of scope or
recorder trace.

SOME MORE FACTS YOU SHOULD KNOW

% Frequency Ranges. The Swept Gen-
erator is available in five ranges to 12.4
kmc—1to2,2to4,4t08,7toll,82
to 12.4.

% Stability. At any single frequency,
stability of the Swept Generator equals
that of a conventional signal generator.
Spurious modulation is low.

% Power Output. Greater than a signal
generator: 10 milliwatts as compared to
1 milliwatt.

Key specifications for Signal Generators available for coverage from 1 to 12.4 kmc

Frequency — Controls: Continuously adjustable with direct calibrated dial. Calibra-
tion accuracy: 1%. Stability: £0.02%/hr. Residual FM: £0.0025%. Power Output
(Minimum): 10 mw =1 db. Continvously adjustable from zero to maximum.
Attenuation Range: Up to 20 db. Sweep — Selector: Recurrent Sweep, Single Sweep,
Single Frequency, and External on panel switch. Time: 100 to .01 seconds, con-
tinvously adjustable. Monitor Output— Sweep Out: Positive linear sawtooth, 45
volts peak. Panel BNC connector. Amplitude Modulation — Internal Square Wave:
RF output is alternately 0 and unmodulated CW value. Frequency 800 to 1200 cps,

adjustable by panel control.

PROCEEDINGS OF THE IRE July, 1960

FUNCTION OF THE LEVELER It holds power
output constant to *1 db over standard
frequency ranges, and better than *1 db
over narrower ranges. The Leveler serves
as a broadband attenuator with up to 20
db dynamic range control, providing con-
stant output over a wide range. It can be
used as a general purpose instrument for
a wide variety of oscillators and amplifiers.

For more details on the Alfred Swept Gen-
erator — please contact your Alfred sales
engineering representative, or write direct.

See us at Wescon, Booth 630

ALFRED ELECTROMICS

897 COMMERCIAL STREET '
PALO ALTO, CALIFORNIA

43A
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RATORIS itec

ELECTRONIC
VOLTMETER

Model 300-D
Price $255.

Note these outstanding features:
Y% Top Accuracy:

better than 2% throughout voltage and frequency ranges and
at all points on the meter scale.

Y High Input impedance:
2 megohms shunted by 15 pf, except 25 pf on lowest range.
Y% Excellent Stability:

less than 14 9% change with power supply voltage from 105
to 125 volts.

Y% Long Lite:
several thpusands of hours of operation without servicing or
recalibration.

% Five Inch, Mirror-Backed, Easy-to-Read Meter:

logarithmic voltage scale reading from 1 to 10 with 10%
SVfr];p at both ends; auxiliary linear scale in decibels from
o 20.

Also available in 9% and 19 inch relay rack models

Th'is' instrument is an improved version of Ballantine’s
original Model 300, famous for its accuracy, semsitivity,
and reliability for more than 20 years.

Write for brochure giving many more details
— Since 1932 —

129 BALLANTINE LABORATORIES e

Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR
AMPLITUDE. FREQUENCY, OR WAVEFORM. WE MAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC DC AND DC/AC
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES.

G e reopie [\

(Continued from page 42-1)

tute of Electrical Engineers, Scientitic Ap-
paratus  MNakers Association and the
American Association for the Advancement
of Science,

KX

Richard \V. TIlodgson, president of
Arnoux Corporation, West Los Angeles,
designers and manufacturers of telemetry
systems and other electronic products,
has announced the appointment of Dr.
Donald J. Gimpel (8'49-A’53-M"58) to the
position of vice president in charge of cn-
gineering. Prior to this, Dr. Gimpel was
director of engineering.

Dr. Gimpel, in this new position, will
be directly responsible for all of Arnoux’s
rescarch and development programs, in-
cluding those being conducted by any of
Arnoux’s operating divisions, Astra Tech-
nical Instrument Corporation, \utoma-
tion Electronics, Inc., and Astrometrics, Inc.

Prior to joining Arnoux in 1958, Dr.
Gimpel was assoctated with Panellit, Inc.,
as the Director of the Computer Systems
Department. Previous to this appoint-
ment, he was associated with Armour Re-
scarch Foundation in research work in-
volving analog, digital and other cowm-
puter problemns.

In 1936, he was awarded a prize for an
outstanding contribution to industrial
electronics. He is a member of AIEE, Tau
Beta Pi, Eta Kappa Nu, Sigma Xi, Ameri-
can Rocket Society, American Ordnance
Association, and other societies.

.

<

William H. Gray (M’36) has recently
been appointed mauager of fickl opera-
tions for Silicon Trausistor Corp., Carle
Place, N. Y., mamt-
facturersof medium
and high power sili-
con transistors and
silicon glass diodes.
He will have his
headquarters in Los
Angeles, Calif., and
will be responsible
for national teld
operations. He will
have responsibility
for customer rela-
tions and field sales
and engineering activity and will be work-
ing in close conjunction with STC’s sales
representatives on the West Coast as well
as with those throughout the rest of the
nation. He has just completed an intensive
brieting on STC's over-all operation at its
plant at Carle Place.

Mr. Gray received the B.S. degree in
electrical engineering from Newark College
of Engineering Newark N. J. In 1953 he
joined Hughes Nircraft Co., Newark N. J.
Division as sales cugineer. He then moved
through various posttions until his ap-
pointment as sales manager two years ago.
Prior to joining Hughes \ircraft he was
employed by Bendix Aviation, Red Bank,

W, HL Gray

(Continued on puage 40.1)
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The challenge of silence

The wide and deep sca is a near-perfect hiding place . . . and
an infinitely mobile missile launching pad. This makes anti-
submarine wartare a high-priority defense problem.

Not just the sca, but the surface and the air as well, comprise
the theatre of ASW. And in all these areas, Sperry is making
advanced contributions: submarine sonar detection gear
. . . submarine fire control systems . . . submarine depth and
mancuvering controls . . . countermcasures and counter-
countermeasures . . . sophisticated navigational computers for
helicopters, capable of programming a systematically precise
sub search . . . automatic flight controls for the helicopter to
permit it to do its job despite the vagaries of weather or mis-

SEA -

sion complexity . . . for surface ships, precision torpedo fire
control and hydrofoil stabilization and control systems.

Most of today’s ASW programs utilize sound radiation tech-
niques. But being cxplored are myriad “unsound” techniques
of sca-hunting, vast new frontier for scientist and enginecr
... investigations in the electro-magnetic spectrum . . . devel-
opment of advanced transducers, data processors, and means
of displaying data that is gathered.

These anti-submarine warfare programs, ranging through
the three dimensions of our environment, typify the integrated
capability of the Sperry organization today. General offices,
Great Neck, N. Y,

SURFACE -

AIR + AEROSPACE




Will It Function...

...below ambient...above ambient?

Speed the evaluation of large components, test equipment, and rack-
mounted units with Delta Design's Model 7000A Temperature Chamber.
There’s no waiting, no lost minutes, while a stationary oven handles other
jobs. The conveniently portable 7000A offers an unmatched test-volume-
to-overall-volume ratio .. .over 3,000 cu. in. of work space. .. auxiliary
automatic cycling between hot-cold temperatures in the —100 to 500 F.
range. Accurate to one half of one degree F., the Model 7000A offers the
ultimate in dependability, convenicnce and space economy . . . at a
modest capital investment!

DELTA DESIGN, INC., SAN DIEGO | CALIFORNIA

For information, write, wire or telephone: SALES OFFICE: 7460 Girard Ave., La Jolla, Calif,
GLencourt 4-1185 » TWX: La Jolla, Cal., 6453

F Your electronic product and service | PEAK OF PRECISION
‘ For More
Than 20 Years

ORP.
AVNET gLECTRONICS ©

pRODUCTS

{ y01S ;
iy Scintilia Connec
Bilen:‘XSesmcov Semiconduc\ors
S:ang.,amo Capa_c'\\orsc et
Robertson Splice & Co

ases
F y Semiconductors

SAVOY

7
D S brex Fasteners CONTROL CRYSTALS
Sprague Capamm's Available for immediate delivery in any
gop ES type, any frequency, any quantity, for—
sgRVIC  CITIZENS BAND USE

AMATEUR and CAP
AIRLINE and AVIATION
TAXICAB and POLICE
MARINE RADIOPHONE

® MILITARY and MISSILE USE

ymmediate Delivery

i \
Quality control
Complete inventories

Nationwide sery'\.ce
(m} Competitive pricing

plus all other requirements where
precise and dependable frequency
control insure successful, economi-
cal operation.

Complete information and prices on request
Engineering assistance available

All of the above services and most of the above
products are avallable from these Avnet stocking |

facilities: [l SAVOY ELECTRONICS, Inc.
Las Angeles, Cal. Daylon, Ohio Chicago. 1. Subsidiaries of Savoy Industries, Inc.
Westbury, L. I. Sunnyvale, Cal. Waltham, Mass. | FRAGEEULLLLTISAS Y N TT NI LTTTY

Box 7127 -L0gan 6-8416 Box 584 - Griffin 9401

@ IRE People@

(Continued from page +41)

N. J. in their marketing Division. Previ-
ous to that he was with I.B.M, as a cus-
tomer engineer.

Mr. Gray is a member of the American
Management Association, the American
Institute of Management, and the Sales
Fxecutive Club of New York, N. Y.

,
e

Appointment of a new director lor its
West Coast office, has been announced
by the Crosley Division, Aveo Corpora-
tion. le is Maurice E. Heidbrink (M'56
who succeeds Bert W. NMoarshall. Nr.
Marshall recently was named West Coast
Office Director for the Aveo Corporation.

Prior to his association with Crosley,
Mr. Heidbrink was western regional man-
ager for the Government Electronics Divi-
sion, Emerson Radio and P’honograph
Corporation, a position he held from
November, 1936 until his appointment
with Crosley. Before joining Fmerson, he
was manager of West Coast operations for
the Diamond Ordnance Fuze Laboratories
for four years. From 19435 to 1952, he was
manager of ficld operations for the Pacitic
Division, Bendix \viation Corporation’s
Development Laboratories.

He is a native of Chattield, Minnesota,
and attended the University of Minnesota
at Minneapolis. During his tour of duty
with the U. S. Coast Guard, he attended
the U1, S. C. G. Service School at Groton,
Connecticut. He is a member of the Ameri-
can Ordnance Association and the Instru-
ment Society of America.

,
e

Wilbur S. Hinman, Jr. (SM'54-F’57)
has been awarded the Department of De-
fense Distinguished  Civilian  Service
Award, the highest honor conferred on
civilian employees by the Department of
Defense. Technical Director of the Dia-
mond Ordnance Fuze Laboratory, Depart-
ment of the Army, Washington, D. C,, he
was presented the award for his scientific
contributions in the use of radio-sonde for
weather forecasting, the proximity fuze,
and other military clectronic advances, as
well as his capable and enlightened leader-
ship of the Laboratory.

°,
D

Jay H. Johnson (A'47-N"55), I’resi-
dent of Erskine P’recision Wire Corpora-
tion, has announced that the entire plant
located in Emporium, Pa. will move all of
its facilities to a new plant in Owensboro,
Ky.

The company manufactures tine pre-
cision wire, round and flat wire parts for
television, receiving, transmitting, and
special purpose tubes, as well as other
electronic  devices. The move will be
scheduled so that there will be no break in
customer service. As soon as the move is
completed, the company will maintain a
New York City office.

’

{Continieed on page 18:1)
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Assure Reliability
Typical field application

under Adverse Conditions...
in th e Fi eld and i n yo ur Plant Radio Intcr‘;'ﬁxfz:i(fai:o:’:;ﬁz‘if;

SPECIFY EMPIRE'S COMPACT AND RUGGED

NOISE and FIELD INTENSITY METER

MODEL NF-105

o Measures 150 kilocycles to 1000 megacycles ac- e Four interchangeable plug-in tuning units, for
curately and quickly with only one instrument. extreme flexibility.

o For measurements in accordance with Specifi-
cations: MIL-I-6181B, Class 1; MIL-S-10379A ;
MIL-I-11683B; MIL-I-11748B; MIL-I-12348A ;
MIL-I-13237; MIL-I-16910A; MIL-I-26600
(USAF), Category A; F.C.C. Specifications. o Self-calibrating, for reliability and speed of

e Direct substitution measurements by means of operation.
broad-band impulse calibrator, without charts,
assure repeatability.

e Economical...avoids duplication.

e True peak indication by direct meter reading e Minimum of maintenance required, proven by
or aural slideback. years of field experience.

DELIVERY FROM STOCK

e Safeguards personnel...ALL antennas can be
remotely located from the instrument without
affecting performance.

e Compact, built-in regulated “A” and “B” power
supply, for stability.

The unique design of Model NF-105, with 4 plug-in tuning units, avoids costly repe-
tition of circuitry and components common to all frequency ranges, at savings
in size, weight and cost. Simple to operate, this instrument permits fast and accu-
rate measurements of both broadband or CW signals. Send for our Catalog

Plan toattend our nextseminaroninterferenceinstrumentation,details upon request.

"EMPIRE DEVICES PRODUCTS CORP.

ole AMSTERDAM, NEW YORK VICTOR 2-8400
MANUFACTURERS OF:
FIELD INTENSITY METERS + DISTORTION ANALYZERS < IMPULSE GENERATORS ¢ COAXIAL ATTENUATORS < CRYSTAL MIXERS
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advancement
ininstrument Altec Lansing Corp. has announced the
design appointment  of William H. Johnson

(M58 to manager of Enginecering and
Technical Informa-
tion Dept. e
Prior to his .
transfer to the Al
tec Lansing plant
in Anaheim, he was
midwestern  sales
manager of the
company with head-
quarters in Chicago,

MM-1 MEDALIST meter . A graduate in

ACTUAL
SIZE

Today's most readable, modern minia- clectrical engincer- i

ture meter. Shielded — no error from ing from Univer- W. L JoHNsoN
magnetic panels. Rugged Marion Coax- sity of Wisconsin,

ial mechanism. Max. weight 1.6 oz. In et

Madison, in 1928 he worked as chiel of
communication engincering for \Webster
Electric Co. and was sound systems design

all standard ranges, various colors.
Single hole mounting. Data on request.
Marion Instrument Division, Minneapolis-

Honeywell Regulator Co., Manchester, consultant on special assignment with In-
New Hampshire, U.S.A. In Canada, ternational Harvester.
Honeywell Controls Limited, Toronto o
17, Ontario. *

Armig G. Kandoian (§'35-A"36-SM 44~
F’51) vice president of I'T'T Laboratories,
has been named a vice president of I'T'T
Federal Division.

Honeywell He has been with I'TT since 1933, fol-
- T. . lowing graduation from Ilarvard Univer-
L4 EERING THE FUYUNE@ NCWW g g

ainek tess sity with the B.S. and ML.S. .degrees in
clectrical comnuication engineering. e
At Wescon, Booth 2722 was named vice president and general

manager of 1TT Laboratories this year
Earlier, he was vice president-communica-
tion systems. Holder of more than 44

High - Purity / patents in the telecommunications tield,
Mr. Kandoian has served as chairman of

the editorial board for Reference Data for
{ . Radio Engineers, a technical source book
2 s P, y published by I'T'T.
Seml-Conductor Devices Walter A. Kirsch (SM'S7) has joined
Telechrome Manufacturing Corporation,
Amityville, No Y., as Defense Products
Manager and As-

sistant to the vice
president and  di-

N-type of
ed in

ements — suppli

aype el . rector  of Sflles,
p-yp ire, sheet ar ribbon H. Charles Riker.
form of wire, A sales engineer

¢ stamped pieces:

for the Servo Cor-
poration of .\meri- :
ca for the past

vear, Mr. Kirsch

previously was as- W
sociated with Fair-
child Camera and
Instrument  Com-
pany for three vears as superintendent of
clectrical assembly and manufacture on

d cut o
. INDIUM e\ectrop\oted

base or preciovs

metal wires.

W. A, Kirscu

PLATINUM &

HOD‘UM-PLAT|NUM the sr\(.}l{ project. .
R LE WlREs Larlier, he spent a number of years in
THERMOCOUP Rescarch and Development with Bell Tele-
For Temperowfe phone Laboratories, Inc., Sylvania Elec-
1 tric Products, Inc.. and other companies.
Contro Write for this

He also served as plant manager for the
Electronics and Instrument Co. and the
New York Division of Allied Control
Company.

SIGMUND COHN CORP. 121 So. Columbus Ave « Mt Vernon, N. ¥ Mr. Kirsch is a member of the Armed

brochure today:
no obligatian »

(Continued on page 32.:1)
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KCP SERIES

KT SERIES KR SERIES

three for dependability at low cost
MEET P&B’'s FAMILY OF “K SERIES"” RELAYS

Here are only three of a large family of *“ K Series”
relays by P&B. Blood brothers all, they are
distinguished by fine craftsmanship and design
maturity. Together they will handle a multitude
of switching requirements.

Many design engineers find it saves time, saves
money to integrate their circuits with related P&B
relays. Makes sense, doesn’t it?

KR—A small, lightweight relay used widely in
communications and automation. Engineered
for long life and dependability. 3PD'T max. AC
or DC. (See engineering data.)

KT—Designed for antenna switching. Capaci-
tance: 0.5 mmfds between contacts. Terminal
board is glass melamine and stack insulation is
glass silicone for minimum RF losses to switch
300 ohm antenna line. 3 PD'T max. AC or DC.

KC—Low cost plate circuit relay with sensitivity
of 125 mw per pole. Factory adjusted to pull-in
on specific current values. Available open, her-
metically sealed or in clear plastic dust cover
with standard octal-type plug. 3 PDT max. DC.

Pal

KR ENGINEERING DATA

GENERAL:
Breokdawn Valtage: 500 volts rms minimum between
all elements.

Temperature Range:
DC Coils—45°C to 85°C.
AC Coils—45°C to 70°C.
Terminals:
Pierced solder lugs standard, Octal 8 and 11 pin
plug-in headers available.

Enclosures: Type K—Hermetically sealed.
Type P clear cellulose acetate dust cover,

CONTACTS:
Arrangements: 3 Form C (3PDT} max,

Material: 4" dia. fine silver [gald plated).
Other materials available to increase contact capacity,

Load: 5 amperes 115V 60 cycle resistive,

COILS:
Resistance: 16,500 ohms max. AC or DC.

Power: 1.1 watts minimum to 4 watts maximum for
DC at 25°C ambient.

Duty: Continuous.
insulation: Centrifically impregnated with insulating vornish,

B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

& POTTER & BRUMFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA
IN CANADA: POTTER &.BRUMEIELD . CANADA LTD., GUELPH, ONTARIO



SELECT FROM INDUSTRY’S

BROADEST LINE OF SILICON
DIODES AND RECTIFIERS

HIGH CONDUCTANCE GENERAL PURPOSE SILICON DIODES GALLIUM ARSENIDE TUNNEL DIODES
Min DC Maximum Ll Ip Capacitance \{3
o @fgg'c e | e le z§°c Case @25°¢C Ip/ly @ Vy @ 25°C @® 25°C
Type Type PV vy ma@lv | 25°C ua | 100°C wa mw Type Type ma @ 25°C wuf volts
1N645 N 725 775 00 02 5 500 1N650 v 10 (+:10%) > 1511 30 (typ) 1.10 (10%)
ING45A N 225 25 400 0.2 15 600 1N651 " 10 (x 2%) > 1011 30 (typ) 110 (= 5%)
0.05@60v mglszos:c 1N652 M 5 (x10%) > 51 40 (typ) 0.98 (£10%)
T N o . ~ v i . 1N653 v 5 (10%) > 51 60 (typ) 0.98 (typ)
IN646 N 300 360 400 0.2 15 600
AFING46 N 300 360 400 0.2 15 600 SILICON COMPUTER DIODES
ING47 N 400 480 400 0.2 20 600 Maximum LI, @
AFING47 N 400 480 400 0.2 2 600 PIV Min Fwd
LNCSE . 500 ) e g g L Case g“z('sjcr @ 55°¢ @100°C e ®
lAr::i:‘Q“a : x ggg :gg g§ gg x Type Type | PIV A usec ua ua ma dc
- N6z | N 70 | 30 TT T £ T
AFING49 N 600 720 400 0.2 25 600 eI =0 it i & i
627 | N 75 | 100 1t 1 30 4
GENERAL PURPOSE SILICON DIODES IN628 N 125 150 1t 1 P 4
w& l|)c Maximum '-'b 5 IN629 N 175 | 200 1t 1 30 4
(N o ] 5 0.025 @ 10v 10 @ 1ov
Type %a;: PIV vy ~ é.f | =€ ua 150% wa S INe43 [ N 175 | 200 0.3 1@ 100v 15 @ 100v 10
IN6S8 [ N s0 | 120 | 03¢ 0.05 25@ 150°C 100
IS 4 ) o LU R S0 N6y | N so | 55 [ 03t 5 2 6
1N456A N 25 30 100 0.025 5 500 ThecR I 0o | 1o | ot 5 5 §
1N457 N 60 70 20 0.025 5 500 weer | w w | 20 | 031 10 100 5
1N457A N 60 70 100 0.025 5 500 1@ 10v 20@ 10v
JAN 1N457 N 60 70 20 0.025 5 500 1N662 N 80 100 05§ 20 @ 50v 100 @ 50v 10
1N458 N 125 150 7 0.025 5 500 ING63 | N 80 | 100 | o5+ 5@ 75v 50 @ 75v 100
1N458A N 125 150 100 0.025 5 500 INg14 | N 75 | 100 | 000047 5@75v 50 @ 150°C 10
JAN 1N458 N 125 150 7 0.025 5 500 0025@ 20v @2av
1N459 N 175 200 3 | oo 5 500 LSRN L e sl T ko ot )
1N459A N 175 200 100 0.025 5 500 Uik Tov
JAN 1N459 N 175 200 3 0.025 5 500 1 JAN 256 (30 ma forward, switched to —35 v reverse, recovery to 400 K ohms)
1N461 N 25 30 15 05 30 200 "j“‘ zsgs(gs ma' 1nrwa';d su;lctggsd( to —‘30 v;e;ssr:er rece:rery( tuago'(() uKhanhsTS)
pnsss i ) g0 8 £ & g b e B o Setened 1y 0 ¥ reve e e o 100 K ety
1N463 N 175 200 1 05 30 200 #  EGG Type 2236A (10 ma forward, switched to —6 volts reverse, recovery to 1 ma reverse)
1N464 N 125 150 3 0.5 S 200
1N482 N 30 40 100* 0.25 30 500 HIGH VOLTAGE DIODE STACKS
1IN482A N 30 40 100 0.025 15 500 (48 Standard Units)
1N4828 N 30 0 100 0.025 5 500 VF Max | Max Operating L
1N483 N 60 80 100° | 025 30 500 Case @250ma | Freq. @ PIV  Zener of
1N483A N 60 80 100 0.025 15 500 Type Type | PIV @ + 25°C (Sinusoidal) Min Max Diodes
1N4838 N 60 80 100 0.025 5 500 INzg7g ™ 717700 7 T0KC 800 1400 2
1N484 N 125 150 100° | 025 ) 500 1ou
N5 A b ptd 100 o s e 1N2925 6500 13 L0KC 7150 9100 13
IN434B N 125 150 100 0.025 5 500
1IN485 N 175 200 100* 0.25 30 500 VOLTAGE REGULATOR DIODES
1N485A N 175 200 100 0.025 15 500 Zener valt poer 01 Ig;-s Zé TTw
ener Voltage ower Diss N em|
vy W[ | | e o | w0 | sw e | % em®B i e @ e | & | S
1N486A N 225 250 100 | 0025 25 500 L s : @20mal; o e :
1N486B N 225 250 100 | o005 10 500 1N746 ) 33 400 100 28 e
1N487 N 300 330 1000 | 025 50 500 1747t N 36 400 100 2% —0055
IN4B7A N 300 330 100 0.025 25 500 1N748¢ y 39 400 loo z —0.049
1N488 N 380 420 100° | 0.25 50 500 LNZA9H i 43 400 ato g2 i)
1N488A N 380 420 100 0.025 5 500 LA ) A7 400 aoo ) e
it i 5 & 8 i 06 i IN751% N 51 400 100 17 —0.008
-1 Zloves IN752¢ N 56 400 100 1 +0.006
0.025@ 0@ 1N753t N 6.2 400 100 7 +0.022
601C M 45 50 10 | -1ov | —lov 150 IN758% N 68 400 100 5 +0.035
604C M 47 55 60 0.1 0 150 IN755¢ N 75 400 100 6 +0.085
606C M 68 75 35 0.1 © 150 IN756¢ N 82 400 100 8 +0.052
608C M 10 1 25 0.1 0 150 INT5T¢ N 91 400 100 10 +0.056
610C M 15 7 2 0.1 w0 150 IN758¢ N 10.0 100 100 17 +0.060
612¢ M 2 25 20 0.1 20 150 IN759¢ N 120 400 100 30 +0.060
614C M 3 37 20 0.1 0 150 650C* M 37 —45 150 20
616C M 47 52 10 0.2 20 150 651C* M 43 —54 150 40
618C M 68 75 10 0.2 0 150 652C* M 52 —64 150 40
620C M 100 110 10 0.2 0 150 653C* M 62 —8.0 150 20
622C M 150 170 7 0.2 200 | 150 654C9° M 85 —95 150 20
624C M 220 250 3 0.2 20 150 65509 M 9.5 —105 150 40
‘: Measu!ed at 1.1v t Suffix A (5% tolerance)
At 100°C * (5% or +10% tolerance available)

Units 1N746 through 1N749 (A) meet Mil specification MIL-E-1/1258 (Navy) and are available
with USN prefix.

most advanced line of diodes and rectifiers



silicon diodes and rectifiers

. [§ |
=

FF

| —

GG
¥
CcC M N (o] P
GALLIUM ARSENIDE VARACTOR STABISTDRS
Junction Min \i3 \3 Ly
Min Capacitance _ Cut-off Case If PIV Volts at Volts at M3 at —2v
Case Breakdown @ 0 volts bias Min frequency Type Type ma Volts 1 ma 100 ma at 25°C
Type Type Voltage—v sl 06 3Kme fim G129 N 750 10 056£10% 1 01
XD-500 FF —6 0.1 min 20 @ —2 volts 0@ —2v .
i G —6 volts G 130 N 150 6 0.64+:10% 1 0.1
POWER REGULATORS AND DOUBLE ANODE CLIPPERS SILICON RECTIFIERS—ECONOMY PACKAGE
Available with either anode or cathode to stud Recurrent 0C
Iy Peak Forward Voltage Max Reverse
Reverse Case ma Current @ 25°C Orop @ 25°C Current @ 25°C
. Pgwer Current Max Z, Typ Type Type | PIV 25°C  100°C a v@ ma Hna@v
ener iss Lip @25°C | Temp [ IN2063 | w | 200 | 750 500 [ T2 @ 500 10 @ 200
Case Voltage Iz @ 50°C 25°C pa @, Coef IN2070 w 400 750 500 6 12 g 500 10 g 400
Type Type @ 25°C ma w @ —5 @ —10v Ohms %/°C 750 500 6 1'2 500
x T 0 o = 5 0.06 Nn207L | w | 600 28 10 @ 600
IN2499¢ R 1 500 10 30 - 2 0.06
1N2500¢ R 12 500 10 25 - 2 0.06
IN1816¢ R 13 500 10 25 — 2 0.07 - SILICON RECTIFIERS o i T
INIBI7 R 15 500 - . 3 ecurren b
t g g g o = PIV lo Peak Current Ep @ PIV
IN1818¢ R 16 500 10 10 - 3 0.07 - 5 B . N
2 ) v ma ;-es Cto+150°C| @ 25°C | @ 25°C
IN1819¢ R 18 500 10 10 . 3 0.07 Type 3 Mounting | 25°C 150°(] 25°C  150°C ma v@a pa
IN1820¢ R 20 250 10 = 10 3 0.08 IN588 0 Rxial 1500 1000 | 25 10 150 10@10ma 50
IN1821 ¢ R 22 250 10 — 10 3 0.08 IN589 0 Axial 1500 1000 | 50 25 250 8@50ma | 50
IN1822t R 24 250 10 = 10 3 0.08 INN30 [P |[Cathode Stud 1500 1000 | 300 150 la 15@0.3 50
IN1823¢ R 27 250 10 e 10 3 0.08 INNI3Y P | AnodeStud | 1500 1000 | 300 150 la 15@0.3 50
IN1824¢ R 30 250 10 - 10 4 0.08 IN570 88| plugin |1500 1000 {37.5*  25¢ | 1.22@25°C* [10@50ma* | 50
LN1825¢ R 33 150 10 = 10 4 0.08 1N538 Q Axial 200 200|750 250 | 2.5@25°C 1@05 10
IN1826¢ R 36 150 10 - 10 5 0.09 JAN IN538 |Q Axial 200 200|750 250 | 2.5a@25°C 1@05 10
1N1827¢ R 39 150 10 o 10 5 0.09 IN539 Q Axial 300 300 | 750 250 2.5a@25°C 1@05 10
1N1828t R 43 150 10 D 10 6 0.09 IN540 Q Axial 400 400 | 750 250 2.52@25°C 1@05 10
IN1829¢ R 47 150 10 - 10 7 0.09 JAN IN540 |Q Axial 400 400 [ 750 250 | 25a@25°C 1@0.5 10
1N1830t R 51 150 10 - 10 8 0.10 1N547 Q Axial 600 600 | 750 250 2.50@25°C 1@05 10
IN1831¢ R 56 150 10 - 10 9 0.10 JAN INS47 {Q Axial 600 600 | 750 250 | 2.52@25°C 1@05 10
IN1832t R 62 50 10 = 10 12 0.10 1N1095 Q Axial 500 500 | 750 250 62@25°C 1@0.5 10
1N1833t R 68 50 10 = 10 14 0.10 1N1096 Q Axial 600 600 | 750 250 6a@25°C 1@0.5 10
IN1834t R 75 50 10 - 10 20 0.11 IN253t R | Cathode Stud [ 100 100 | 32 1a@135°C | 10a@50°C 11@! 10
IN1835¢ R 8 50 10 - 10 2 on JAN IN253t|R [ Cathode Stud | 200 100 | 32 la@135%C | 10a@50°C 11@1 10
IN1836t R 91 50 10 - 10 35 0.12 IN2s4t R |Cathode Stud | 200 200 | 3a 042@135°C| 102@50°C | 1.1@L 10
1N2008t R 100 50 10 - 10 40 0.2 JAN IN2544|R | Cathode Stud| 200 200 [ 3 a 0.4a@135°C] 102@50°C 1.1@1 10
IN2009¢ R 110 50 10 - 10 47 0.12 IN255t  [R | Cathode Stud [ 400 200 | 32 0.4a@135°C] 10a@50°C | 1.1@1 10
IN2010t R 120 50 10 - 10 56 0.12 JAN IN2554{ R | Cathode Stud f 400 200 | 3 2 0.4a@135°C) 10a@50°C | 11@! 10
LN2011t R 130 50 10 - 10 65 0.12 IN2561 R | Cathode Stud f 600 200 | 3a 0.2a@135°C| 10a@50°C 11@1 10
IN2012t | R 150 50 10 — 10 82 012 JAN IN256t{ R | Cathode Stud | 600 200 | 32 0.2a@135°C] 10a@50°C | L1@1 10
1Suffix A (= 5% Tolerance) INII24t  |R |CathodeStud| 200 200|32 1a 10a@50°C | 11@1 10
Units IN1816 through TN1836 (A & RA) meet Mil spacification MIL-E-1/1259 (Navy) and are available INII25t IR | Cathode Stud | 300 300 | 3a  1a | l0a@50°C | 1161 [ 10
with USN prefix. INIL26t |R | CathodeStud| 400 400 | 32 la 10a@50°C 11@1 10
INII27t  {R | CathodeStud| 500 500 [ 3a  1a 10a@50°C 11@1 10
B 5 ::01;? I;E:I::GE : STl INIL28t  [R | Cathode Stud| 600 600  3a la 102@50°C 11@! 10
al urrel ar urren p LI o,
Type | Case | voltage G 25°C @100 | Current G 25°C | *Typ Sensitivity IN6l4t  {R | CathodeStud [ 200 200 (152  5a | 50a@50°C | 15@10 { 10
Type v 50v max Z50v max @ x10v 10v 1N1615¢ R | Cathode Stud | 400 400 [15a 5a 50a@50°C 1.5@10 10
nax ud pa ua wa/mw/cm? INI6161 [R | CathodeStud| 600 600|152 5a 502@50°C 1.5@10 10
In217s | cc S50 05 | 100 __200 22.3 * For each half-wave section )
. ]ngr;l current interms of r 5 = 9 mw/cm?in a frequency bandwidth of 0.7 t R Suffix denotes anode to stud configuration, i. e. IN1124R
0 micron.
SILICON CONTROLLED RECTIFIERS
max
At 80°C Case Temp fwd Voltage Gate
Orop @ Avg Rect. Current
Non-Recurrent Min Fwd Min Max Max Gate to Fwd. Cutrent Req to
Av Rect Recurrent Surge Current Off Breakdown Case Fwd Gate | Cathode @ 25° Fire
Case |Fwd Current | Peak Current | 1 Cycle at 60 cps Voltage* PIV Voltage Temp Current P! Stud Temp ma
Type | Type Amps Amps Amps v v °C ma v v@a Typ Max
1 AA 3 10 25 50 60 100 5 2@ 3 amps 1 10
2N160L | AA 3 10 2 100 100 120 150 100 5 2@ 3 amps 1 10
2N1602 | AA 3 10 2 200 200 240 150 100 5 2@ 3 amps 1 10
2N1603 | AA 3 10 25 300 300 360 150 100 5 2@ 3amps 1 10
2N1604 [ AA 3 10 25 400 400 480 150 100 5 2@ 3amps 1 10
2N1595 | X 1 3 15 50 50 60 150 100 5 2@ 1amp 1 10
2N1596 | X 1 3 15 100 100 120 150 100 5 2 g 1amp 1 10
2N1597| X 1 3 15 200 200 240 150 100 5 2@ 1amp 1 10
2N1598 | X 1 3 15 300 300 150 100 5 2@ 1amp 1 10
2N1599 | X 1 3 15 400 400 480 150 100 5 ,_2@l_asvr%_r|_h_lr¢
71-010 X 1 3 15 50 150 100 5 ee data sheef
T1-025 X 1 3 15 50 50 60 150 100 5 for switching
71050 | X 1 3 15 50 50 60 150 100 5 information

* Measured with 1K resistor gate to cathode
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MARCONI

microwave
communication systems

HIGH PERFORMANCE

Marconi microwave systems, with
capacities from 60 to 960 channels,
and capable of carrying high quality
television, are designed to meet exact-
ing international standards of perfor-
mance with margins in hand.,

EXTREME SIMPLICITY
Travelling wave tube techniques en-
sure extremely simple circuitry and
make full use of high gain and great
band width available. A unidirectional
repeater consists of only three travel-
ling wave tube amplifiers and one
frequency change oscillator with their
power supplies,

GREAT RELIABILITY

The use of travelling wave tubes in
the repcaters has allowed considerable
reduction in the number of valves and
components used. Thus the likelihood
of unexpected failure has been con-
siderably reduced.

EASY MAINTENANCE

The design of the units ensures easy
access to all parts of the equipment
and the extensive use of printed
circuitry allows speedy and accurate
replacement of precision circuits by
technician staff, without realignment
of the equipment.

EXTREME SAFETY
All high voltages are fully interlocked.

The Post and Telegraph Authorities
in more than 80 countries rely on

MARCONI

COMMUNICATIONS
SYSTEMS

WORLD LEADERS IN ALL

TRAVELLING WAVE TUBE |
MICROWAVE SYSTEMS

SRR —

MR. |. 5. V. WALTON, MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED
SUITE 1941, 750 THIRD AVENUE, NEW YORK 17, N.Y, U.S.A

MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND
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(Continwed from page 48:1)

Forces Communications and Electronies
Association and is a director of the New
York Chapter.

<

The appointment of Victor Le Gendre
(M’53) as technical assistant to the di-
vision manager for the Electronic Tube
Division of  Allen
B. u Mont Labo-
ratories, Ine. is an-
nounced by Joseph
P. Gordon, general
manager for the 1)i-
vision.  Mr. Le
Gendre will carry
out special man-
agerial assignments
in research and pro-
duction for indus-
trial  cathode-ray
tubes, storage tubes,
multiplier phototubes, and microwave
tubes. His initial project will be the ad-
ministration of an expansion program for
direct-view storage tube production report-
ing to Dr. Albert E. Beckers, director of
research and engineering, to fultill mount-
ing demand and sales of these Du Mont
products.

Mr. Le Gendre comes to Du Mont from
the post of chief engincer of storage
cathode-ray tubes at the International
Telephone and Telegraph Company, Com-
ponents Division. He is a leading tube sci-
entist and engineering administrator, hav-
ing served as chief engineer of the Elec-
tronic Tube Division of Burronghs Corp
prior to his position with I'T&T. Previous
posts were with Chatham Electronics, Na-
tional Union Electric, Tung-Sol, and
Western Electric.

Mr. Le Gendre has bachelors’ degrees
in.\rts as well as Sciences and Philosophy
and was a professor in Physics and Chemis-
try at Canadian colleges. He has been
granted important electronic tube patents.
During World War II he served as a cap-
tain in the Canadian Navy.

V. LEGENDRE

.
<

Appointment of Bertram Mintz (M'357)
as chief application engineer for the air-
craft division of Hughes Tool Company,
Culver City, Calif., has been announced by
Rea E. Hopper, vice-president and general
manager.

[le most recently was with Marquardt
Aircraft Company which he served for two
and a-half years as eastern representative
for research and development. 1lis activi-
ties there covered application engineering
in the tfields of advanced propulsion, nu-
clear propulsion, advanced weapons sys-
tems and clectronic support systems.

He previously served six vears on the
technical staff of the commanding general
at Wright Air Development Center, and
lectured for three years at Wittenberg
College Fxtension Schoo! in mechanical
engineering and industrial management.

i [ on we 3A4)
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ARNOLD 6T CORES:
PROTECTED AGAINST SHOCK,
VIBRATION, MOISTURE, HEAT...

AVAILABLE FROM STOCK

The hermetically-sealed aluminum
casing method developed exclu-
sively for Arnold 6T tape cores is
packed full of advantages for you
. . . performance-improving and cost-
saving advantages.

It is compact: you can design
for minimum space/weight re-
quirements. It’s extra-rigid to pro-
tect against strains. And it gives
you maximum protection against
environmental hazards. Arnold 6T
tape cores are guaranteed against
1000-volt breakdown . . . guaran-
teed to meet military test specs for

PROCEEDINGS OF THE IRE July, 1960

resistance to shock and vibration
. . . guaranteed also to meet mili-
tary specs for operating tempera-
tures. They require no additional
insulation before winding, and can
be vacuum-impregnated afterward.

And now a NEW Arnold service:
immediate delivery on your proto-
type or production requirements
for Deltamax 1, 2 and 4-mil Type
6T cores in the proposed EIA
standard sizes (see AIEE Publica-
tion 430). A revolving stock of
approximately 20,000 Deltamax
cores in these sizes is ready for you

on warehouse shelves. Subject to
prior sale, of course, they're avail-
able for shipment zhe same day your
order is received.

Use Arnold 6T cores in your de-
signs, Technical data is available;
ask for Bulletin TC-101A and Sup-

plement 2A (dated June'60). ®Write
The Arnold Engineering Company,
Main Office and Plant, Marengo, 1/,

ADDRESS DEPT. P-7

& ARNOLD

SPECIALISTS in MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL
CITIES e Find them FAST In the YELLOW PAGES

1538
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The “TRANSEAL

BTU ENGINEERING CORPORATION
the leading manufacturer of TRANSHEAT

for the Semiconductor and Electronics

satisfying the annealing requirements
of the gtass in addition
to bringing out the best,
or required qualities
in the metal.

Industries has compieted development of the
first furnace which provides capability for fully

BTU 1s also offering a tandem furnace for degassing and
controlled oxidation of Kovar in one continuous operation

—@ Announces The Most Advanced Development el 6{"/0 %
For Glass To Metal Sealing 502

FURNACE”

Controlled Atmosphere Continuous Furnaces

=

>

3. Provisions in gas control system to
produce results with maximum reliability.

4. Safety features and guarantees as found
on the proven BTU Transheat Furnaces.

f/ To increase your yields and reliability, consult
ENGINEERING CORPORATION

Dept. G, Bear Hill Road, Waltham 54, Massachusetts, U.S.A., Tel. TW 4-6050

Other products manufactured: TRANSHEAT FURNACE used for continuous alloying,
fusing, bonding, brazing and soldering under controlled atmospheres.
GAS DIFFUSION FURNACES for semiconductors.
HELICORE internally wound ceramic furnaces.

When 1n Boston, you are invited to visit our New Plant on Route 128 . . .

EXCLUSIVE FEATURES

1 Two zone control in main
furnace section with
operating temperatures
up to 1100 C

2. Annealing section and controlled
cooling section to produce
cooling rate required for
annealing of glass.

“'Electronics Highway"'

@ IRE People

(Continned from page 324)

He holds B.S. and M.S. degrees in in-
dustrial engineering from Georgia Institute
of “Technology, and has performed gradu-
ate work in operations rescarch and mathe-
matics at Massachusetts Institute of T'ech-
nology and in clectronics at Ohio State
University. He is a member of Npha i
Mu, Alpha Epsilon 't and the American
Rocket Society.

0
e

On January 1, 1960, N. A. Moerman
(M’16) assumed the presidency of Elec-
tronic Counters, Inc., an organization that,
until recently, was
an operating divi-
sion of the Potter
Instrument  Com-
pany.

He  has  been
uniquely identified
with the clectronic
counting  technol-
ogy  for nearly
twenty vears. Grad-
uating  from  the
George Washington
University with the
B.S. degree in E.E., in 1938, he was ap-
pointed shortly thercafter by the Ballistic
Research  Laboratory of the Aberdeen
Proving Grounds (Maryland) as its first
clectronic engineer

Early in 1940 the General Engineering

Y

N. AL MoerMay
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Laboratory of the General Electric Com-
pany completed a R&D program for the
Proving Grounds resulting in the installa-
tion of the tirst Electronic Counter Chron-
ograph, an innovation in the measurement
ficld. s the government’s engineer, Mr,
Moerman was responsible for the mainte-
nance and use of the cquipment. He joined
Potter Instrument Company after the War
in late 1945,

Before assuming his present position,
Mr. Moerman was for over ten years the
Chief Engincer and a Vice President of the
Potter Instrument Company:.

.

D

Dr. John J. Myers (843 \'45 M'47-
SM'50) has been promoted by Hoffman
Electronics Corporation to director of en-
gineering  of the
company’s Military
Products  Diviston
in  Los  Angeles,
Calif.

Since last Au-
gust, he has been a
senior  scientist at
the Hoftman  Sci-
cnce  Center  in g
Santa Barbara,
Calif.,,  where he
was responsible for
studies in industrial
electronics.

Previously he was a research assistant
professor at the University of Hlinots,
Urbana. During 1956 and 1957 he was a
member of the technical staff of the Elec-
tronies Division of Stewart-Warner Corpo-
ration, Chicago, 11l

J. J. Myers

He also worked five vears for Auto-
matic Eleetric Company, Chicago, a sub-
sidiary of General Telephone and Elec-
tronics Corporation. e was manager of
nmicrowave sales for Automatic Electric
and later headed the electronics depart-
ment of its alian subsidiary in Milan.

Dr. Myers holds Ph.D. and M.S. de-
grees in electrical engineering from  the
University of Illinois and the B.S. degree
in electrical engineering from Ohio State
University. e is a member of Sigma Ni
and Eta Kappa Nu, professional fra-
ternities.

.

D

The appointment of Arthur P. Notthoff,
Jro (8'45-V49-7'35), to the position of
Manager of Engineering of the Electronic
Systems Division of Dalmo Vietor Com-
pany has been announced by Viee resi-
dent and Division Manager Glenn .\,
Walters.

In this position, Mr. Nottholf will he
responsible for design engincering  and
management of all research and develop-
ment projects for the Division.

For the past two vears Mr. Nottholf has
served as Manager of Servo Engincering in
Dalmo Victor's Engineering Division. e
joined the firm in 1949 as a rescarch engi-
neer after receiving the master's degree in
electrical engineering from Massachusetts
Institute of “Technology, Cambridge. e
completed his undergraduate work, also in
electrical engineering, at the University of
California, Berkeley.

0
oo

(Continued on page 56041)
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AnotherNew Acheivement from EL1LENCO

A New S_maller Size

Dipped Silvered

Mica Capacitor

Ellencoss

SUB-MINIATURE

Sets New Standard in Miniature Reliability!

This sub-miniature DM-10 Mica Capacitor retains the same
?upe(rjiqr elect;iclal chargcterilstics of silvelr]gdhmic; ca;?acitors as EL-MENCO'S DM-10 MEETS
oun 11n muc ar.g(.er sizes. .t assur(gs a. 1gh or er 0 perfprm- ALL THE ELECTRICAL REQUIRE-
ance In extreme miniaturization applications — missiles, printed MENTS OF MILITARY SPEC.
circuits and all compact electronic equipment. Parallel leads #MIL-C-5B AND EIA SPECIFICA.
provide greater versatility. Tough phenolic casings protect TION RS-153
against physical damage and penetration of moisture. Other sizes also ideal for minia-
turization applications —
Capacity and Voltage Ranges DM-15 .. . up to 820 mmf at 300
Working Voltage Capacity Range t}’ggw up to 400 mmf at 500
100 WVDC 1 MMF thru 360 MMF DM-19 .. up to 5400 mmf at 300
300 WVDC 1 MMF thru 300 MMF yDCW. up to 4000 mmf at 500
500 WvDC 1 MMF thru 250 MMF WRITE FOR SAMPLES OF
EL-MENCO DM-10 CAPACI.
Operating Temperature: up to 150° C. TORS and brochures describing
Characteristics: C, D, E and F, depending on El-Menco’s complete line of
capacitance value capacttors.

Leads: #26 AWG (.0159”) Copperweld wire
EL-MENCO'S SUB-MIDGET DM.10 . . . THE NEW SMALLER MINIATURE MICA CAPACITOR

THE ELECTRO MOTIVE MFG. CO., INC.

Manufacturers of El-Menca Capacitars

WILLIMANTIC CONNECTICUT
©® molded mica @ dipped mica ® mica trimmer ® dipped paper
@ tubular paper ® ceramic @ silvered mica films ® ceramic discs

Arca Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers ond Distributors in the U.S. ond Conoda
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' Improved
Interference
Filter Capacitors
'Have Excellent

% IRE People

{ ¢ d from page 3444

Paul F. Pearce (549 \'32-M'57) has
been appointed Manager, Systems Design,

f —
=3 SPRAGLE )

more ratings...
more data...
more styles...
for

STYRACON
FILM
CAPACITORS

Sprague Styracon Polystyrene Capacs
itors are now available in an
expanded list of standard catalog
ratings in both subminiature metal-
clad tubulars and drawn bathtub
cases. In addition, large threaded
neck tubular cases have been added
in order fo meet more severe military
vibration requirements.

The new ratings and styles will be
of special interest to electrical circuit
designers working in the field of
digital computors, precision timing
circvits, high-Q tuned audio circuits,
low frequency filters, bridge meas-
vrements, and similar applications.
The special electrical qualities of
polystyrene film permit the design of
capacitors with virtual freedom from
dielectric absorption, extremely high
leakage resistance, extremely low
power factor, and excellent capaci-
tance reliability and retrace. The tem-
perature coefficient of capacitance,
approximately —-120 ppm/° C, is
practically linear over the full operat-
ing range of —-55 C to 85 C, and is
almost entirely independent of fre-
quency.

For complete technical data on
Styracon Film Capacitors, write for
Bulletin 2510A to Technical Litera-
ture Section, Spraguve Electric Com-
pany, 235 Marshall St, North

Adams, Massachusetts.

| SPRAGUE

Environmental and
Insertion Loss
| Characteristics

Recent technical data released by the |
Sprague Electric Company, North l
Adams, Massachusetts, reveals the
unusual environmental and inser-
tion loss characteristics of the com- |
pany’s subminiature Thru-Pass® '
Filter Capacitors. The performance
of these capacitors is said to come
closer to that of a theoretically ideal
capacitor than any other type of
paper capacitor ever made.

When properly installed, these
capacitors reduce to a negligible
value the effects of external cross
coupling. They also provide a mini-
mum length of path to ground for
radio interference currents. Thru-
Pass Capacitors are designed to meet
all the electrical, mechanical, and
environmental requirements of Mili-
tary Specification MIL-C-11693.

Both Type 102P and Type 103P |
are impregnated with Vitamin Q,
Sprague’s exclusive inert synthetic
impregnant,inorder to achieve maxi-
mum insulation resistance and mini-
mum capacitance change with tem-
perature. Type 102P units are proc- |
essed for —55 C to 4-85 C operation;
Type 103P for —55 C to 4125 C.
Maximum feed-thru current for*
which both are rated is 5 amperes
d-c continuous or equivalent.

For complete data on Thru-
Pass Capacitors, write for Engineer-
ing Bulletin 8015 to Technical Lit.
erature Section, Sprague Electric

Division, at

Information  Technology
Lockheed Electron-
ics  Company  in
Metuchen, N. ],
He was  formerly
Manager of Project
Engineering at the
l.ockheed Eleetron-
ics and  Avionies
Division in Los
Aungeles, Calif., be-
fore that division's
merger  into  the
Lockheed Electron-
ics Company. Ilhis
group is concerned primarily with the re-
scarch, design, and development of sys-
tems, including communications, naviga-
tion, air traffic control, and closed-circuit
TV systems. Departments responsible for
each of these systems have been estab-
lished.

le holds the B.S.E.E. and M.S.E.l.
degrees from the Massachusetts Institute
of Technology. He has taken additional
graduate study in transistors and data
processing at the University of California
at Los Angeles, and in mathematical
physics, mathematical statistics and infor-
matiou theory at the University of South-
ern California.

Previous to his position with f.ock-
heed, he was head of strategic systems in
the Communications Division of Hughes
Nireraft from 1955 to 1959, He came to
Hughes from Trans-Sonics, Inc., where he
held the position of project engineer in the
Research and Development Departiment.
He also served as a research assistant at
MULT.

Mr. Pearce is a member of Sigma Xi,
and R.ES.\.

ﬂ*

~ Al

I’. F. PrARCE

.
o

Victor L. Ronci (SM'31), former Di-
rector of Development of the Allentown
Laboratory of Bell Telephone Labora-
tories,  has  Dbeen
named Director of
the Company's
Pennsylvania Lab-
oratories, clfective
June 10 Ta his new
assigninent, Mr.
Ronet will be re-
sponsible for all de-
velopment work on
clectron and seni-
conductor devices
at both the Allen-
town and Laurel-
dale, Pa., Laboratories.

Mr. Ronci joined the Bell System in
June, 1919 and had a wide varicty of
asstgnments until World War 11, when he
concentrated on the development of elec-
tron tubes for military applications. For
his contribution to the war effort he re-

V. L. Roxct

.,—';'THE MARK OF RELIABILITY § Company, 235 Marshall Street, I ceived the Naval Ordnance Development
: ; North Adams, Massachusetts. (Contimwed on page 58.1)
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GREATEST
PERFORMANCE

PER DOLLAR

» PHILCO SILICON
AT?..
SILGN 8 AreE Attg: (::f)NSISTDRSSPECIAL PROPERTIES H I G H F R EQ U E N CY

APPLICATIONS

2N495 | Amplifier, Switch, Control | fmax-8 mc | Vce=25v, TO-1 case
2N495 Switch fy-7.2 mc | very low V saturation, TO-1 case

2N1118 Amplifier, Switch, Control | fmax-8 mc electrical equivalent of 2N485, T0-5 case
2N1118A | Amplitier, Switch, Control | fmax-8 me high beta version 2N1118 . .
N9 | Switch f1-1.2 me | electrical equivalent of 28296, T0-5 case Philco SATs and SADTs have established the
2N1428 Amplifier, Switch, Control | fmax-18 mc | low cost, high beta, TO-1 case N ’ ] ] 1 1 1
2M1429 Amplitler, Switch, Control tm::-IB mc | low cost, high beta, T0-5 case mdustry 8 grgatest hlSt.’,OI'y Of Tellablllty e hlgh
frequency silicon transistors. They were the first
of this type to be made available in production
quantities and have been used extensively in
thousands of critical military and commercial
APPLICATIONS ~ FREQ.(MIN)  SPECIAL PROPERTIES applications. Philco also has led the industry in
S —————— ; the development of high-speed automatic produc-
aN1267 | Med. Frequency Amplifier | fmsx-43 mc | low beta (vidso amplifier) tion methods which have made possible a steady
2N1268 Med. Frequency Amplifier | fmax-43 mc | medium beta : : : : : o
aN1265 | Med. Froquency Ampliiar | fwee-d43 mc | hign beta redgctlon of prices. This lead.ershlp in both reli-
2N1270 | High Frequency Amplifier | fmax-125 mc | low beta (video amplifier) ablhty and low price results in the greatest per-
2N1271 High Frequency Amplifier | fmax-125 mc | medium beta . : g
2N1272 | High Frequency Amplifier | fmax-125 mc | high beta formance per dollar n the hlg.h-fr.equ.ency Slll(:iOI’l
2N1472 | Switch fr-15 mc | very low V saturation field. For complete data, application information
superior temperaturs stability : 1 :
2N1663 | Switch f7-100 mc | superior temp. stability .. . high beta and prices on any of these silicon types, write
Department IRE760.

Immediately available in

quantities 1-999 from vour

local Philco Industrial

Semiconductor Distributor ®
Samous for Qaa/f{y the UWorte Cver

LANSDALE DIVISION ¢ LANSDALE, PENNSYLVANIA

SADT?. . SILICON SURFACE ALLOY OIFFUSEO-BASE TRANSISTORS

(All TO-9 cases)




ROHN
COMMUNICATION
TOWER

Shown here is @ ROHN

No. 60 tower installed
to o height of 200 feet
with 3 five-foot side
arms, mounting ontenno
for police radio commu-
nicotions.

FREE

No.60

for height up to
630 feet!

=yl

* This extremely
heavy duty tower
is designed for a
wide variety of
communications of
all kinds.

* This No. 60
ROHN tower is
suitable for height
up to 630 feet when
properly guyed and
installed.

* Completely hot-
dipped zinc galva-
nized after fabrica-
tion.

* Designed for
durability, yet eco-
nomical — easily
erected and
shipped. ROHN
towers have excel-
lent workmanship,
construction and
design. Each sec-
tion is 10 feet in
length.

Details and complete engineering specifica-
tions gladly sent on request. Also ROHN rep-

tives are iR}

st to assist you,

Write- Phone- Wire Today..'

ROHN anufacturing Co.

116 Limestone, Bellevue,

Peoria,

Phone 7-8416
“Pioneer Manufacturers of
Towers of All Kinds”
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(Continued from page 3564)

Award in 1945, Ile holds more than 98
patents for his inventions in the electron
tube and semiconductor device fields.

He is & member of the Semiconductor
Device Council of the Joint Electron De-
vice Engineering Couneils.

*,

D3

Francis M. Ryan (J'14 -A’17-M"26-
F'40), former head of the Radio Section of
the leadguarters Organization of the
Amertcan Tele-
phone and ‘Fele-
graph Co., has been
clected Vice I’resi-
dent and Director
of Engineering at
Page Communica-
tions Engineers,
Inc.

Announcement
of Mr. Ryan’s ap-

intiment was
ﬁ:ude by E. C. F. M. Ryan
Page, President of
the Washington-based firm which has
planned and built advanced communica-
tions systems in more than 30 countries of
the world. Mr. Ryan, who joined Page in
March after 40 years with the Bell Tele-
phone System, will be responsible for the
engineering  of the firm's  world-wide
projects.

From 1944 10 1960, Mr. Ryan was re-
sponsible for advising the Bell System
Operating Organizations in the use of both
domestic and overseas radio facilities.
During this period the System undertook
extensive use of microwave facilities for
long distance telephone and television, and
Mr. Ryan played an important part in
shaping this program.

Assigned to the Bell Telephone Labs
during World War 11, he was in charge of
a group developing underwater sound
echo-ranging equipments for the U. S,
Navy. He has represented the Bell System
at a number of international conferences
and most recently was a member of the
U. S, Delegations to the Administrative
Radio and Plenipotentiary Conferences
held laust year in Geneva.

An Engineering graduate of the Uni-

CAPITOL
RADIO

Advanced Home Study and Residence Courses
in Electronics, Automation and
Industrial Electranics Engineering Technology

versity of Washington, Mr. Ryan is a
Registered Professional Engineer in New
York State. He is a Fellow of the AIEE.

0‘0

X

Herbert H. Schenck (SM'51), until re-
cently Vice President and Director of En
gincering at Page Communications Engi-
neers, Inc., has
been named Execu-
tive Vice President
and General Man-
ager of the newly-

formed United
States  Underseas
Cable Corporation.
The new com-
pany, jointly or-
ganized by Phelps
Dodge, Northrop, .
Page, and Felten LI Scuexck

and Guilleaume of

West Germany, has been formed to pro-
vide one of the world’s largest facilities for
the design and construction of long dis-
tance underwater cable systems.  Mr.
Schenck’s 24 vears of experience in com-
munications management and engineering
embraces all phases of system planning,
implementation and operation in  the
United States and in such diverse areas as
Cuba, Brazil, the Philippines and Japan.

For seven years he was managing Di-
rector of the International Radio Com-
pany of Brazil, a subsidiary of Interna-
tional “Telephone and Telegraph Corpora-
tion, and concurrently Vice President and
Director of Standard Electric, an I'TT
manufacturing subsidiary, and a Director
of the National Telephone Company of
Brazil and the American Chamber of
Conmmnerce there. He spent several vears
with T'T1"s Havana subsidiaries, Radio
Corporation of Cuba and Cuban Tele-
phone Company, and as Vice President
and General Plant Manager of the latter
firm, he participated in the inauguration
of the Florida-Cuba repeatered submarine
telephone cable system, the prototype of
the first North Atlantic System,

While serving as a Signal Ofticer with
the UL SO vy from 1941 to 1946, his as-
signmients included duty with GHQ South-
west Pacitic Area involving the planning of
wire and carrier systems in Australia and
New Guinea and the supervision of South-
west Pacific Area radio operations in New
Guinea, the Philippines and Japan. He left

(Continued on page 60:4)

Pioneer in Electronics Engineering Instruction

Since 1927
\ ECPD Accredited
Technical Institute
Curricula

Request pour free Hone Study or
Resident Nehool Catalog by oritivg Lo: Depl.

3224 16th St., N.W. Washington 10, D. C.

Approved for Veleran Training

26076
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DIAL
THE DELAY TIME

with the New ESC Direct Readout Variable Decade Delay Line

Now you can make your own rapid selection of desired Delay/rise time ratio at maximum delay is 33:1. The
delay with the new Direct Readout Variable Decade ESC Direct Readout Variable Decade Delay Line is a
Delay Line — the newest product developed and manu- passive delay network and will not introduce noise or
factured by ESC, America's leading manufacturer of jitter. Mechanical and electrical modifications available
custom-built and stock delay lines! Increments of on special order.

1/1,000 of the total delay may be selected by the turn
of a dial. And there are three models:

Model 101 — a total delay of 9.99 usec.

Model 102 — a total delay of 99.9 usec.

Model 103 — a total delay of 999 usec.
There is a constant impedance of 1,000 ohms between
input and output terminals for any delay increment.

WRITE TOOAY FOR COMPLETE TECHNICAL DATA.

exceptional employment opportunities for engineers experienced
in computer components. .. excellent profit-sharing plan.

l ELECTRON'CS co RP- 534 Bergen Boulevard, Palisades Park, New Jersey

Distributed constant delay lines - Lumped-constant delay lines « Variable delay networks - Continuously variable delay lines « Step variable delay
lines - Shift registers » Video transformers - Filters of all types  Pulse-forming networks ¢ Miniature plug-in encapsulated circuit assemblies
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FIRST

TRINGS
FIRST!

FOR IMPROVED THERMAL
DESIGN, there is no substitute for
effectively cooling, extending useful
life and increasing tube reliability than
with 1ERC Heat-dissipating Electron
Tube Shields.

The right time to “plan in” IERC’s
Heat-dissipating Electron Tube Shield
components in. your thermal design and
packaging is at the start—however,
it’s never too late to improve reliability,
insure proper tube cooling and protec-
tion from shock and vibration with
widely-used, MiL-approved IERC shields.

IERC
Subminiature
Heat-Dissipating
Electron TR
Tube Shields

New 1960 Subminiature Tube Shield Catalog gives
you a complete showing of IERC's diversified line,
thermal design and application tips, dimensional and
specification data — available on request.

IERCEA - vi=iowm

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION
135 West Magnolia Boulevard, Burbank California

@ IRE People

(Continued from page 384)

the service with the Legion of Merit and
five battle stars.

Prior to military service, he was a
transmission engineer with Southern Bell
Telephone and Telegraph Company, and a
communications and clectronies engineer
for the Tennessee Electric Power Com-
pany.

Mr. Schenck has the B.S. degree in
clectrical engineering from the University
of Tennessee. He is a member of the \ineri-
can Institute of Electrical Engineers.

S

oo

Frederick J. Seufert (S849-\'30-
SA'S7) has been promoted to director of
the Systems Department in the Military
Products  Division
of Hoffman Flee-
tronics  Corpora-
tion. Los Angeles,
Calif. The new Sys-
tems  Departiment
will inctude the Tall
Tom and  480-1.
projects,

With  Hollwan
since 1933, he s a
former scction man- . .
ager and, most re- FoL Seevere
cently, has  heen
assistant to the director of engincering.

He previously was with the Santa
Barbara  Research Center, Hughes \ir-
craft Co. and the Brookhaven National
Laboratory.

He received the B.S. degree in electri-
cal engincering from Rutgers University
and the M.S. degree from the University ot
Califorma at Los Angeles.

He is a member of Phi Beta Kappa and
the Institute of Aeronautical Sciences.

o

Appointment of Dr. James E. Shep-
herd (\"36-SM"44-F'48) as manager of the
Sperry Rand Research Center, to be built
this year in Sud-
bury, Mass., was
announced  today
by the New York
Corporation.

Dr.  Shepherd,
with a  25-yvear
background in
physics and elec-
tronics, was  for-
merly manager of
the clectronic tube
division, Sperry J. E. SHEPHERD
Gyroscope  Com-
pany, at Great Neck, N. Y., where he di-
rected research, development and produc-
tion of microwave devices for radars and
conmunications systems.

He joined Sperry in 1941 after six years
on the science faculty at Harvard Uni-
versity and became heavily engaged in a
wide range of scientific activities involving
both highly theoretical and experimental

Continned on page 02:1)
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Tung-Sol/Chatham CROWBAR Thyratrons

PROTECT HIGH-POWER CIRCUITS AGAINST DESTRUCTIVE ARCS

Any one of a host of causes can trigger internal arcs in high-
power tubes with little or no warning . . . even if the tubes are
well designed, operate in well-engineered circuits, and have
conservative demands placed upon them. Cosmic rays, line-
voltage transients, parasitic oscillations, spurious primary and
secondary electrons and material whiskers are just a few of the
potential sources of these highly destructive arcs.

But by engineering Tung-Sol/Chatham high reliability crow-
bar hydrogen thyratrons into your design, you can safeguard
against costly arc-generated breakdowns. By short-circuiting
destructive currents, these zero bias “arc-busters” extinguish
the arcs before circuit elements can be damaged.

Instantaneous response and the ability to carry extremely
large currents make these rugged thyratrons ideally suited for
this purpose. Moreover, they are able to conduct these heavy
surge currents even after having been idle for long periods.
Each tube contains a hydrogen reservoir which promotes long
life and permits optimum gas pressure adjustment for various
operating conditions. Write for full technical details. Tung-Sol
Electric Inc., Newark 4, N. J. TWX: NK193

Technical assistance is available through the following sales offices: Atlantg,
Go.; Columbus, Ohio; Culver City, Calif.; Dallos, Texas; Denver, Colo.; Detroit,
Mich.; lrvington, N. ).; Melrose Park, lll.; Newark, N. J.; Philadelphia, Pa.;
Seattle, Wash, Canada: Toronto, Ont,

Typicol application: A crowbar thyratron
is connected in series with a suvitable impe-
dance across the filter of the high voltage
power supply for a high frequency amplifier
tube. Whenever an arc occurs in the power

il

et 0
\

DC. Anode Peak

Forward Cathode

Type Voltage Current
7559 18KV 1500A
7568 25KV 800A
7605 25KV 2500A
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7608
TUNG-SOL

CHATHAM

tube, the rising current is used ta deliver a
suitable signal to the grid of the thyratron.
The thyratron immediately conducts to short
circuit the power supply, until the protective
circuit breaker opens 0.1 second later,

7559
TUNG-SOL

— —

“a

@ TUNG-SOL
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TIME-SAVING
GUIDE FOR...

SPECIFYING
DEFLECTION
JOKES

Helps speed your project. Eliminates
confusion in choosing the right yoke.

Engineers have saved countless
hours, many dollars and numerous
headaches by using this simple Guide
Sheet For Specifying Deflection Yokes.

Offered as a public service to engi-
neers by SYNTRONIC INSTRU-
MENTS, INC., YOKE SPECIAL-
ISTS, the only firm devoted primarily
to deflection yoke manufacture; there-
fore preeminently qualified to help
you specify the correct yoke for your
application. Complete line for every
military and special purpose—in pro-
duction quantities or custom designed
to your specific requirement.

Phone our nearest rep. today for
your Time-Saving Guide Sheet.
New York Area: Jules J. Bressler Co.

Phone: N.Y. OXford 5-0255;
N.J. UNion 4-9577

Philadelphia Area: Massey Associates
Phone: MOhawk 4-4200

Washington-Baltimore Area:
Massey Associates
Phone: GRanite 4-2071

Indianapolis: Joe Murphy
Phone: Victor 6-0359

Los Angeles: Ash M. Wood Co.
Phone: CUmberland 3-1201

No obligation. We are glad to help you,

SVRETOnIc

INSTRUMENTS, INC.

100 Industrial Road, Addison, lllinois

Phone - KIingswood 3-6444

4 IRE People

(Continued from page 6014)

work. Under his supervision rapid ad-
vances were achieved in both research and
engineering which led to large scale pro-
duction of advanced radar systems and
microwave devices of all types.

The Sperry scientist received the B.A.
degree in 1932 and the M. AL in physics and
electrical engineering in 1933 at the Uni-
versity of Missouri, Columbia. At Harvard
he carned the M.S. degree in 1935 and a
Doctor of Science degree in 1940, both in
commmumications engineering.

Dr. Shepherd holds 15 radar and elec-
tronic patents. e holds membership in
Tan Beta i, Phi Beta Kappa, Eta Kappa
Nu, Sigma Xi, and American Institute of
Eleetrical Engincers.

°,
DJ

Dr. Sergei A. Schelkunoff (\'10-F'44),
has heen appointed professor of Electrical
Engincering at Columbia University.

The appointiment has been announced
by Professor Ralph J. Schwarz, chairmian
of the Department of Electrical Engincer-
ing of the Columbia School of Engincering,
who said that Dr. Schelkunolf will assume
his duties at the University September 13,
He has been an adjunct professor of Elee
trical Engineering at Columbia sinee 1958

Dr. Schelkunolt was born in Russia,
January 27,1897, Ile received the Bache-
lor's degree from State College of Washing

ton, Pullman, Wash., where he was
awarded the Master's degree in mathe-
matics in 1923, Columbia awarded him the
Ph.D. degree in mathematics in 1928, He
served in the engineering department of
Western Electric Company in 1923-25,
and in 1925-26 was a member of the tech-
nical stalf of Bell “I'elephone Laboratories,
[ne.

In 1926 27 he was an instructor in
mathematics at State College, and served
as an assistant professor of mathematics
there from 1927 to 1929,

He returned to Bell Telephone Labora-
tories in 1929 as a member of the technical
stafl and became assistant director  of
mathematical research February 1, 1956.
Since September 1, 1958, he has been as-
sistant vice president of Bell Laboratories,
at Murray Hill, N_ J. He is the author of
several  scientific books and  numerons
scientific articles and papers.

Dr. Schelkunoft received the Liebmann
Prize of the IRE in 1942 for mathematical
contributions to the electromagnetic the-
ory. In 1949 he was awarded the Ballan-
tine Medal of the Franklin Institute for
“outstanding research in conumumication
and reconnaissance.”

Dr. Eric A. Walker (M'47), president
of the Pennsylvania State  University,
University Park, is the new president of
the Nmerican Society for  Engineering
Iducation. e will serve for the vear be-
ginning in July, 1960,

0sCi

L
.

“Sure I get it, but isn't this

‘Thinking Man's Filter’ routine a bit overdone?*®

Maybe, but if you're a man thinking about filters,
you'll find a wealth of information in Reeves-Hoffman
Bulletin EWF/59-1, “Electric Wave Filters.,” Write
for your copy now.

T

HO M AN

F/160
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DIVISION OF
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CARLISLE, PENNSYLVANIA
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AUDIO

AMPLIFIERS COMMUNICATIONS

FUEL
INJECTION

DATA
PROCESSING

CONVERTERS FLASHERS

GAUGES IGNITION INSTRUMENTATION

MACHINE OSCILLATORS POWER REGULATORS

CONTROL SUPPLIES

SERVO SOLID STATE
SYSTEMS SWITCHING

ULTRASONICS

ONE TRANSISTOR -
HUNDREDS OF USES

DELCO RADIO'S VERSATILE 2N174  For top per-
' formance in a wide, wide range of applications, depend on Delco Radio’s 2N174,
@ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power supplies,
and for use with 12-volt power supplies where high reliability is desired despite the presence of voltage
transients. m It has a high maximum emitter current of 15 amperes, a maximum collector diode rating
of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C mounting
base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations, R The
2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 2N174

or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. D E LCO

Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan
1180 Raymond Boulevard 726 Santa Monica Boulevard 5750 West 51st Street 57 Harper Avenue A D l O
Tel.: Mitchell 2-6165 Tel.: Exbrook 3-1465 Tel.: Portsmouth 7-3500  Tel.: Trinity 3-6560

Division of General Motors + Kokomo, Indiana
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MICRO-MINIATURE
RELAY STYLE GA

For Printed Circuits

Less S pace |
Lower Mounting Height

Terminals & Mounting |
Conform to 0.2" Grid Spacing

For reliable switching of low-level as well as
power loads. Style 6A will operate at coil power
levels below most larger current-sensitive relays in |
its general class, yet easily switches load currents
of 2 amps resistive and higher at 26.5 VDC or
115 VAC. Contact arrangement to DPDT.
Unique construction permits flexible wiring
and a variety of schematics. Withstands 50 G
shock and 20 G vibration to 2000 cycles.
Meets applicable portions of specifications
MIL-R-5757C and MIL-R-25018 (USAF)
Class B, Type 11, Grade 3.

Call Or Write For Additional Information

PRICE ELECTRIC

CORPORATION

300 E. Church Street » Frederick, Maryland
MOnument 3-5141 « TWX: Fred 565-U

% IRE People

The selection was the result of a na-
tional mail balloting by the 9,300 members
of the ASEE, the national professional
organization of college and university
teachers of engineers.

Dr. Walker has been a vice president
of the Society and a member of its General
Council and has been especially concerned
with recent Society studies of engineering
teaching. e came to Pennsylvania State
University in 1945 after service at Tufts
University, the University of Connecticut,
and Harvard. He has been president of
Penn State since 1956. An electrical en-
gincer, he was executive secretary of the
Department  of Defense  Research  and
Development Board in 1950-51 and is a
consultant to many government agencices.

°,
D3

Wilson R. Smith (M'46) has been
named chief engineer, semiconductors, for
CBS Electronics, manufacturing division
of Columbia Broad-

casting System,
Inc.,, in an an-
nouncement by

Robert . Mar-
chisio,  vice-presi-
dent and general
manager of semi-
conductor  opera-
tions, tle will be

responsible for de- ‘\ '«
velopment,  pilot- \
line, and product WoOR. SMI
engineering activi-

ties.

He joined CBS Electronics in 1938 as
an engineertug specialist, and was recently
elevated to manager of engineering. He
was graduated from Reed College with a
degree in physics, and received the
M.S.E.E. degree from Pennsylvania State
College, where he was an assistant pro-
fessor of electrical engineering from 1940
to 1951, From 1942 to 1946 he was a stafl
member of the M.IT. Radiation Lab-
oratory.

In 1951 he joined lughes Nireraf
Company as an engineering group leader
From 1953 to 1958, he was employed
Syvlvania Electric Products, [nc., as an en
gineering  specialist, product supervisor,
and section head.

Mr. Smith is a member of Eta Kappa
Nu.

EX

Astronautics,  [ne.  announced  this
week, through its  Executive Commit-
tee. the appointinent of George W. Soder-
quist (SM'59) as the President of the
Corporation. Long associated with the
AFEMTC Range Contractor at Patrick \ir
Force Base, he is also a member of the
lixecutive Committee and Board of Di-
rectors of the electronies firm,

As President, he will be the Chicef
Fxeentive Officer and will direct the over-
all business operations of the corporation.

(Continued i page oo.1)
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The size of things to come. ..

The advantages gained by miniaturiza-
tion are numerous. Each segment of
American industry, whether military or
commercial, lists many such advantages.
We hear a great deal of smaller missile
packages, smaller payloads, smaller and
lighter ground-support equipment . . .
defense measures that are extremely
important for military advantages today
. .. for commercial advantages tomor-
row. But what of the advantages of
miniaturization we do not hear so much
about . . . the advantages that are not

Micropot Potentiometers .

PROCEEDINGS OF THE IRE July, 1960

Turns-Counting Microdials .

front-page news? What of smaller,
portable computers that will ease the
burdens of paper work? What of shrink-
ing automation equipment that will per-
form more reliably for and be available
more economically to industry? What of
the countless other designs on the draw-
ing boards or in prototype form that will

multiply in their efforts

to reduce bottlenecks
BORG

long a problem to pro-

ductivity? f you are
one of the many who
—

Sub-Fractional Horsepower Motors 4

are working on such projects, then you
are also concerned with the availability
of smaller, more reliable components
such as Borg 990 and 991 Series Micro-
pots (actual size above). These miniature
potentiometers match, balance and ad-
just circuit variables in all sorts of elec-
tronic equipment. May we send you
complete data? Ask for catalog sheets
BED-A133 and BED-A134. Borg Equip-
ment Division, Amphenol-Borg Elec-
tronics Corporation, 120 So. Main St.,
Janesville, Wisconsin,

Frequency and Time Standards

65A



dial any output
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Keithley Regulated High-voltage Supply
gives you new speed and accuracy for a wide
range of tests. lts many uses include calibra-
tion of meters and dc amplifiers, supplying
voltages for photo-multiplier tubes and ion
chambers, as well as furnishing potentials for
high resistance measurements.

Three calibrated dials permit easy selection
of the desired output in one volt steps, at up
to 10 milliamperes. Polarity is selectable.
Other features include:

@® 1% accuracy above 10 volts,
Line regulation 0.02%
Load regulation 0.02%
Ripple less than 3 mv RMS.

Stability: within + 0.02% per day.

Protective relays disconnect output
at 12 milliamperes.

@ Price: $325.00.

Send for details about the Mode! 240 Supply.

KEITHLEY I G i

INSTRUMENTS, INC.
12415 Euclid Ave., Cleveland 6, Ohio
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He received the B.S. degree from Alabama
Polyteclnic Institute, has been engaged in
clectronies research, development, and ap-
plication cngineering for approximately 10
vears, and has held progressively respon-
sible engineering and managerial positions
in the missile instrumentation field since
the inception of the Government's missile
pregrams, and in military electronics prior
to World War [1. His most recent position
prior to the formation of Astronautics,
Ine. was in supervision of frequency con-
trol and analvsis, underwater sound, and
antenna design engincering activities at
the Atlantic Missile Range.

°,
e

Appointment of Philip A. Toll (\'56)
to the new position of director of building
services for Sperry Gyroscope Company
was announced by
Edward M. Brown,
vice president for
administration.

Mr. Toll, for-
merly  director  of
data processing, will
be responsible for
construction, plant
cngineering and
other  services  at
more  than  ten
Sperry plant facili-
ties.  He o joined
Sperryin 1931 and served in varions man-
ufacturing posts.

In 19535 he was appointed manager of
data processing and directed installation
and operation of the company’s central
data  processing facilities  including  the
UNIVAC T and 11 large-scale electronic
computers and a new UNIVAC high-
speed, solid-state computer at the Sperry

P A Toul

 headquarters plant in Great Neck, L. I,

Mr. Toll received a degree in business
administration at the University of Michi-
gan, Anun Arbor, in 1951, He is also a
graduate of the American Institute of
Foreign Trade. His professional member-
ships include Institute of Management
Sciences, Association for Compnting Ma-
chinery, American Ordnance .\ssociation

and the Delta Phi Epsilon professional
fraternity.

A native of Detroit, Mr.
Llovd IMarbor, L. 1.

.,
<

Robert L. Trent (M'45-SM'57) has
been appointed manager of the newly
formed design engineering department by
Fairchild Semicon-
ductor  Corpora-
tion,awholly owned
subsidiary of Fair-
child Camera & In-
strument Corpora-
tion, Svosset, L. 1.,
N.Y.

In this capacity
Trent will be re-
sponsible for engi-
neering, instrumen-
tation, tool design R.
and toolfabrication,

2\ graduate of the Columbia School of
Fangineering, Trent received the BS and
MSin Electrical Engineering (F.E.) in 1941
and 1946, respectively. e was at Bell
Telephone Labs as a member of the Tech-
nical Staff from 1941 10 1957 doing systems
development, transistor applications and
transistor development. He comes to Fair-
child from Texas Instruiments where he
has been since 1957, most recently as
Manager, Germanium Development.

Fairchild Semiconducior Corporation
is a manufacturer of high speed silicon
transistors and diodes.

Toll lives in

[.. TRENT

o,
o

Appointment of John R. Whitford
(8'H1-\"45-M'56) as manager of Sperry
Gyroscope Company's Electronic “Tube
Division was an-
nounced by Arthur
R. Weckel, Sperry
vice president.

Mr. Whitford
joined Sperry in
1949 as a project
engineer for micro-
wave instruments
and  components
and later advanced
through a series of
sales positions. Dur-
ing World War 11,
he served as a captain, U, S, Army Signal
Corps, in the Pacitic Theatre.

ln

. RoWnrtrorn

(Continued on page 70:4)

SEAL PROBLEMS?

A CASE IN POINT

PROBLEM:
sENERAL ELECIR equire s
development of a rug
compacthighcurrent hermet 52
seal CONTROLLED RECY
housing const
terials and proi
stand temperatur

SOLUTION:

sses to with
above sott can be done wit

s

CERAMIC TO METAL ASSEMBLIES BY MITRONICS ARE:

* More precise ¢ More compact ¢ More economical » More durable
Why struggle with metailizing problems when Mitronics’
complete engineering facilities are at your disposal.

METALLIZING SPECIALISTS

m mitronics

1292 Central Ave., Hillside, N. J., WAverly 6-2250

Write, phone oracire jor techmoal o LG It er o e

inc.
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ELECTRON TUBE NEWS
...from SYLVANIA

e HIGH RESOLUTION
e SIMPLIFIED CIRCUITRY
e IMAGE BRILLIANCE
with 2 new Sylvania C.R.Ts for photo-recording applications

Sylvania SC-2809, SC-2782 utilize precision guns, fine
grain P11 phosphor, aluminized screens, clear nonbrown-
ing optical faceplates. Result: remarkably high resolution
and exccllent brilliance. SC-2809 has a line width of
.0008”, a resolution of 6000 lines. SC-2782 has a .001”
line width and a 3000-linc resolution. Both tube types
feature conventional magnetic focusing and deflection,
simple beam-centering magnets, no ion traps. They sim-
plify external circuitry requirements, offer potential sav-
ings in equipment costs. Minimum useful screen arca is
414" . Deflection angle is 50°. Use of an integral encap-
sulated high-voltage connector minimizes possibility of

corona at high altitudes. Screens other than P11 are avail-
able if desired. For further information and complete tech-
nical data, contact the Sylvania Field Oftice nearest you.

KEY CHARACTERISTICS §C-2809 §C-2782
Anode Voltage 25,000 Volts dc* 25,000 Volts dc*
Anode Current (E,, =0) 3 uA dc*

Grid No. 2 Voltage 2,500 Volts dc* 2,500 Volts dc*
Grid No. 2 Current (E;, =0} 2,000 uA dc*

Screen Current 2 uA dc 5 uA dc
Line Width 0.0008" 0.001”
Face Diameter 5" 5"
Over-ail Length 163" 16"
*Absolute Max. Ratings




NEW SYLVANIA C.R.T.s FEATURE
LOW HEATER POWER
HIGH RELIABILITY
“COOL’ OPERATION

for battery-powered,
portable 'scope applications

The 3BGP-family of 'scope tubes is typical of the continuing
work of Sylvania to advance the “state of the art.” Combining
modern C.R.T. technology and powder metallurgy techniques,
Sylvania has produced a heater-cathode assembly requiring
only 1.5V @ 140mA — less than 7% of the power normally
needed. Reduced power demands result in much lower tube
operating temperatures and low drain from battery or flyback
heater supply. The heater-assembly has a relatively low mass
which makes it virtually impervious to vibration of portable
equipment. Clear, pressed faceplates are utilized for improved
glass quality, greater uniformity of thickness resulting in mini-

Sylvania 3BGP1, 3BGP2, 3BGP7, 3BGP11 . .
electrostatic deflection and focus, high deflection sensitivity.

. feature direct-view rectangular faces,

KEY CHARACTERISTICS

Anode No. 2 Voltage 2,750 Volts dc*

Anode No. 2 Input 6 Watts* : N < N - >

Anode No. 1 Voltage (Focusing Electrode) 1,100 Volts dc* mized distortion. Complete information and technical data
Heater Ratings 1.5V/140mA an b tained from ur | vani i

Line Width (Light output of 20 ft. Lamberts) 0.026” can be obtained from your local Sylvania Field Office.

Face Dimension 12" x 3%," : . 3

Useful Screan Area 116" x 294 The new Sylvania low power heater-cathode assembly holds vast

promise for picture tubes for portable, battery-operated TV
receivers. This concept is currently under investigation at Sylvania.
Your inquiry is welcome.

4 NEW “"BONDED SHIELD” TV PICTURE TUBES
all available with new reflection-diffusing, treated caps

Over-all Length 914"
*Absolute Max. Ratings

Sylvania continues its leadership in “Bonded Shield”
picture tubes with an expanded line to help you meet
the demand for squared-corner TV. Now, you can
offer broad-ungle and low-reflection viewing with the
specially treated laminated cap. The treated surface of
the tube cap can diffuse up to 70% of reflected light
without appreciable loss in resolution—eliminating the
old problem of mirror images.

Bonded Shield eliminates front-of-the-cabinet safety
glass * Reduces front-to-back cabinet dimensions ¢
Reduces danger of implosion * Reduces production-
line rejects significantly « Offers squared-corner screen
* Simplifies mounting with integral mounting lugs *
Offers potential savings in set manufacture.

Sylvania pioneered the quantity pro-
duction techniques of bonding cover
panels to the face of a picture tube.
These same techniques hold excit-
ing possibilities for application in
industrial and military cathode ray
tubes. You may have a C.R.T.
application that can benefit from
Sylvania Bonded Shield “know-
how.” Sylvania Engineers will be
pleased to work with you.

If your industrial or military design demands specialized Cathode Ray Tubes, call on the creative experience and production capabilities of Sylvania.
Electronic Tubes Division, Sylvania Electric Products Inc., 1740 Broadway, New York 19, New York.

S
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Above—Sola plate-filament transformer is built-in com-
ponent of B & W Associates lie detector. It supplies
plate and filament voltage regulated within +39%, even
when line voltage varies from 100 to 130 volts . . .
helps assure accurate operation in field.

Below—Railway Communications Inc. uses Sola line
voltage regulator to improve performance and reli-
ability of this Rycom combination transmitter-receiver.
Regulator delivers 118 volts stabilized within +1%,
under line voltage variations as great as +15%,.

PROCEEDINGS OF THE IRE July, 1960

Build it in or add it on...
Sola voltage regulation
helps your equipment give
full-rated performance

Whether you build it in as a component or add it on as
an accessory, a Sola static-magnetic voltage regulator
soon pays for itself by keeping your equipment operating
at its designed capability.

These units provide a stabilized output voltage even
when input voltage varies over a considerable range, and
give you eight important advantages over electronic or
motor-driven regulators:

1. Ultra-fast response time of 1.5 cycles or less reduces effects
of transients,

2. No moving or renewable parts or routine maintenance.

Automatic, continuous regulation; no manual adjustments,

4. Protection against accidental short circuits and excessive
overloads for unit and its load.

5. Versatility: Step-up, step-down, plate, plate-filament, tran-
sistor-voltage ratios are available to permit substitution in
place of non-regulating transformers.

6. Simple, compact design; light weight.
7. High degree of isolation between input and output circuits.
8. Negligible external magnetic field.

w

This is the Sola Standard Sinusoidal Con-
stant Voltage Transformer, shown in its usual
accessory-type structure. It continuously regu-
lates output voltage within =19, under line
voltage variations of =15%,. Because its output
is essentially a commercial sine wave (less than 39
total rms harmonic content at any load above 259, of
rating), it is ideal for exacting laboratory applications
and instrument calibration, and with equipment sensitive
to wave shape . . . designed d-c voltage levels in the load
are not affected.

The entire line of sinusoidal regulators is now available
at prices formerly charged for static-magnetic regulators
without the patented Sola harmonic-free circuit.

This is the Sola Normal-Harmonic Con-
stant Voltage Transformer, shown in com-
ponent-type structure, with end bells and
[, La separate capacitor. It offers the same reli-
7" ability and *=19%, regulation as Type CVS

(above), and is suitable for the many ap-
plications where a commercial sine wave voltage supply
is not required. It is widely used for voltage regulation on
filaments, solenoids and relays.

2

—~—

Because prices of these normal-harmonic units have
been substantially reduced, voltage regulation may now
be possible in many of your applications.

Sola static-magnetic voltage regulators are available
in a wide selection of mechanical structures and ratings
in over 40 stock models, and your custom designs can be
delivered in production quantities.

Write iOl BU“e“” IG‘CV

SOLA ELECTRIC CO.
4633 West 16th Street

B P A Division of
- | Basic Products
C \Q Corporation

Chicago S50, Illinois
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ELEMENTS
FOR ALL
APPLICATIONS
AS WELL AS
COMPLETE
TRANSDUCER ASSEMBLIES
FOR MOST APPLICATIONS,
SUCH AS UNDERWATER
SOUND AND
VARIOUS ORDNANCE AND
MISSIlE DEVICES. E

BAL

Sprogue-developed mass production
and quality-control techniques assure
lowest possible cost consistent with
utmost quality and reliability. Here
too, complete fabrication facilities
permit prompt production in a full,
wide range of sizes and shapes.
Look to Sprague for today’s most
advanced ceramic elements — where
continuing intensive research prom-
ises new material with many proper-
ties extended beyond present limits.

7
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WRITE FOR
) lITERATURE
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SPRAGUE ELECTRIC COMPANY

235 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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He received the B.S. degree in elec-
trical engineering from Northeastern Uni-
versity, Boston, in 1943, and the M.S. de-
gree in eleetrical engineering from Massa-
chusetts Institute of Technology in 1949,
His professional memberships include the
U, S, Army Association, Armed  Forces
Communications and Electronies \ssocia-
tion and the Tau Beta i honorary fra-
ternity.

3

Pioncer Electronies Corporation, man-
nfacturer of television picture tubes aud
special purpose tubes, announces the ap-
pointinent of Rich-
ard Zeh (SM'57) as
plant superintend-
ent.

Mr. Zceh moves
to Dioncer  Elec-
tronics from Hughes
Aircraft, where he
served as  general
superintendent  of
their  Microwave
Tube Department.
Prior to that he was R. Zen
associated with Syl-
vania Electric Products, Inc.
neering section head.

NMr. Zeh received his training at Rens-
sclaer Polytechnie Institute in Troy, New
York and University of Southern Cali-
fornia, Berkeley.

The addition of Mr. Zeh to Pioncer’s
stadf is another step forward in its present
program to broaden itz production and de-
velopment of cathode-ray tubes and re-
lated products.

as an engi-

o,
g

Dr. Louis Zitelli (S"47-\'51-\"
been named Manager, Klystron Develop-
ment at Variau .\ssociates, according to
Dr. Richard Nelson, Manager, Rescarch
and Development, Palo Alto Tube Divi-
sion,

Dr. Zitelli, who joined Varian in 1950
as a research enginceer, will be responsible
for advanced development of all Varian
klystrons in his new post.

He received the B.S. degree from San

56) has

Jose State College. and the M.S,, E.E,
and PPh.D). degrees from Stanford Uni-
versity.

A radar and electronics ofheer for the
U. S. Navy during World War 11, he re-
ceived technical training at Columbia Uni-
versity, Harvard University, and Massa-
chusetts Tnstitnte of Technology. He was a
research assistant at Stanford’s Electronics
Rescarch Laboratory for four years before
joining Varian,

As Manager, Klystron Development,
he takes over the post formerly held by
Dr. Richard Nelson, who was recently
appointed to his new position as head of
Varian's Tube Division research and de-
velopment at Palo Alto.

Dr. Zitelli is a member of Sigma Xi.

o,
g

Two new engineering advisory com-
mittees comprized of men from many parts
of the country who are eminent in that
ficld, have been appointed in the College
of Fngineering, University of Rochester,
it was announced at a dinner meeting of
the Corporate Relations Committee of the
University’s Board of Trustees.

Dr. John W. Graham Jr., dean of the
College of Engineering, was the principal
speaker, outlining the College's objectives
and expanding programs of service. The
meeting was designed to be of particular
interest to Rochester-area business and
mdustry.

The new committees are in mechanical
and electrical engineering. Another com-
mittee, the Advisory Committee on Chem-
jical Engineering, has been in existence for
some years.

The Electrical Engineering Advisory
Committee is composed of :

Dr. Ioward S, Coleman, vice-president
in charge of research and  engineering,
Bausch and Lomb Optical Co., Rochester;
John S, Coleman, exceutive secretary,
Division of Physical Sciences, National
Academy of Sciences, National Rescarch
Council, Washington, D. C.; Dr. Mervin
J. Kelly (M’25-F'38), research manage-
ment consultant, New York City: Dr,
Ronald McFarlan (SM'51), president, In-
stitute of Radio Engineers, Chestnut Hills,
Mass.; Dr. George L. Haller (A'28-3'30
-SM'43-F'50), vice-president  General
Electric Company, Syracuse, N. Y., and
Dr. Royal Weller (SM'57), vice-president
for enginecring, Stromberg Carlson Com-
pany, Rochester.

SYNTRON

POWER RECTIFIERS

Silicon and Selenium

Reliable Performance

242 Lexington Ave.

SYNTRON RECTIFIER DIVISION

SUBSIDIARY OF LINK-BELT COMPANY

Homer City, Penna.
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EIMAC

CERAMIC TUBES
DESIGNED

FOR SPACE
WITH RUGGED
NEW 26.5 VOLT
HEATERS

Three extremely sturdy Eimac ceramic tetrodes have been
specially designed for missile telemetry and airborne
military communication systems—with rugged new

26.5 volt heaters.

In actual missile systems and current key projects,
these tubes have passed severe tests with flying colors.

And have dramatically proved that they can take it!

For your space age needs, investigate the many advantages
of these pioneering Eimac tubes: the X578G, X578H

and X578]. Write for complete information.

GENERAL CHARACTERISTICS EIMAC 26.5 VOLT CERAMIC TUBES

Eimac Tube Frequency Max.
With Similar tor Max. Plate-Diss. Heater
Tube Characteristics Length Diameter Ratings Rating Voltage

EITEL-McCULLOUGH, INC.
San Carlos, California
\578G 4CX300A 25" 1.65” 500 mc | 300 watts 26.5
X578H 4CX125C 2.5” 1.25" 500 me | 125 watts 26.5
\578] 4CN15A 2.5"” 09" 500 me 15* watts 26.5
*A nominal rating. May be increased by employing a suitable heat sink or liquid immersion.
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to measure
1uv to 10 v,
100 #za to 1 ma...
amplify microvolt
signals...make

sensitive null
measurements?

It's easy with a KIN TEL
204A ELECTRO-GALVO

The KINTEL Model 204A Electronic
Galvanometer is functionally equivalent
to the most sensitive suspension galva-
nometers, but is insensitive to shock,
vibration, microphonics, earth’s mag-
netic field and stray pickup. It is all-tran-
sistorized, does not require leveling, can
withstand severe overload with no offset
with return to zero, and has rapid re-
sponse. A built-in Ayrton shunt provides
seven decaded ranges which cover from
=10 microvolts to =10 volts full scale,
and from 0.001 microampere to 1 milli-
ampere full scale. Input resistance is
10,000 ohms on all ranges. Power
sensitivity is 10~'* watts. The input is
floating. Drift is less than 2 microvolts.
Output as an amplifier is 1 volt at 1 ma
for full scale on any range. Price $425.

Representatives in all major cities

A DIVISION OF

ELECTROMNICS, /NC

5725 Kearny Villa Road, San Diego 11, California
Phone: BRowning 7-6700
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Dby Industrial
Engineering Notes

ASSOCIATION ACTIVITIES

The world of three-dimensional radio
sound moved closer to reality with an-
nouncement by the Electronic Industries
Association of target dates for installing
and field-testing stereophonic radio broad-
casting equipment. The announcement
was made by J. . Secrest, EL\ Executive
Vice President. Memorial Day, May 30, is
equipment moving day. Testing is to begin
the week of Sunday. June 5. The tests will
start under the aegis of the Electronic In-
dustries Association. They will be under
the supervision of the Association’s Na-
tional Stercophonic Radio Committee and
will constitute the committee's first offi-
cial field-testing of sterco radio equipment
on behall of broadcasters, equipment
mamufacturers, and the Federal Com-
munications Commission. The test broad-
casts will be FM sterco, but will be com-
patible with present monophonic FM re-
ceivers, A number of receiver manufactur-
ers are beginning experimentally to pro-
duce sterco sets. In addition, radio tech-
nicians may Aind it possible to adapt, for
~tereo reception, monophonic FAM  sets.
So far as is now known, the only three-
dimensional radio sound being transmitted
by commercial stations is by simultancous
use of AN and FM transmitters. This
means that the listener now has to tune
an AM receiver to the Station’s AN trans-
mitter and an FM receiver to the FM
transmitter. The National Stercophonic
Radio Committee, to date, has selected one
test site. This is a Pittsburgh F)\I station.
Call letters of the station are among the
most  famous in the broadcast world.
Millions will remember the magic sound
of KDKA, Pittsburgh, Pa. The commniittee
tentatively has selected two additional
sites for the FMI stereo system being stud-
ied. These are WCRB-FN and WBZ-F2IL
Both are in Boston, Mass. In direct charge
of field-testing FM stereo are three sub-
conmnittees of Panel Five of the EIA Na-
tional Stercophonic Radio  Committec.
The panel chairman is A. Prose Walker,
Engineering Manager of the National
Association of Broadcasters, Panel sub-
committees bear the engineering designa-
tion of 5.1, 5.2, and 5.3. They are under
the supervision of : A. C. Goodnow, West-
inghouse Broadcasting Co., Chairman of
Subcommittee 3.1 on Transmitting and
Receiving Facilities; and R. L. Kave,
\WWCRB, Boston, Vice Chairman; W. ].
Wintringham, Bell Telephone Laborator-
ies, Chairman of Subcommittee 5.2 on
Specifications and Measurements; R. N.
Harmon, Westinghouse Broadcasting Co.,

* The data on which these Nores are based
were selected by permission from Heekly Report
issues of April 4, 18, 25 and May 2, 10, and 23, 1960,
published by the Electronic Industries Association,
whose helpfulness is gratefully acknowledged.

[ i

and Daniel Recklinhausen, the H. H,
Scott  Co., Co-chairmen. Dr. M. R.
Schroeder, Bell Telephone lLaboratories,
is in charge of preparing a test tape for
qualitative, subjective evaluation of stere-
ophonic broadcasting. . . . Climaxing the
36th annual convention of EIA at the Pick-
Congress Hotel in Chicago, L. Berkley
Davis, Vice President of General Electric
Company and General Manager of its
Electronic Components Division, was
elected President for 1960-61 following
presentation of the EIA Medal of Honor
to retiring President David R, Hull for his
many contributions to the advancement
of the electronics industry. Eight new
Directors, two new \'ice Presidents, and
three new Division Chairmen also were
elected during the three-day industry con-
ference. The eight new Directors elected
by their respective Divisions are: Con-
sumer Products—Chris J. Witting, \'ice
President of Westinghouse Electric Corp.
Military  Products—David  F. Sanders,
President, Lockheed Electronics Co. Tube
& Semiconductor—Mark  Shepherd, Jr,,
\iice Pres., Texas Instruments Inc. Parts
—Allen W, Dawson, Mgr., Electronic
Components Dept., Corning Glass Works,
Allen K. Shenk, Vice I’res., Marketing,
Frie Resistor Corp., and Walter \W. Slo-
cum, President, International Resistance
Co. Industrial  Electronics—Ben  \dler,
President, \dler LElectronics, Inc, and
Howard C. Briggs, Collins Radio Com-
pany. The two new Vice Presidents are
William S. Parsons, President of Centralab
Division of Globe-Union, Inc., represent-
ing the Parts Division, and Ben Adler,
President of \dler Flectronics, Inc., repre-
senting the Industrial Electronics Divi-
sion. New Division Chairmen are: Edward
R. Tavlor, Executive V\ice President,
Consumer Products Division, Motorola
Inc.. Consumer P’roducts Division; L. L.
Waite, Senior Vice President, Lngincering
and Planning, North American \viation,
Inc.. Military Products Division; and WV,
Myron Owen, President of Aerovox Corp-
oration, Parts Division. ... The 1960
edition of the EIA Fact Book describes an
electronics industry more than three and
one-half times larger than it was atthe
beginning of the last decade. The book at-
tributes the industry’s 10 years of lively
growth to the “ever widening versatility of
electronic techniques. 'The extensive range
of tasks electronics can perform makes
possible its application in every basic in-
dustrial and commercial activity. It has be-
come the common denominator of weapons
for defense. It continues to be an impor-
tant increment of the consumer market,
bringing more cntertainment and labor-
saving devices into the American home.”
The 1960 Fact Book, prepared and pub-

(Continued on page 744)
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For PROJECT MERCURY

Dresser-ldeco puts wings on tower construction
...completes 48 towers in 52 days!

Space-age urgency set the

pace for Dresser-Ideco in fulfilling
its 48-tower contract for the
National Aeronautics and Space
Administration’s Project Mercury.
With the last of the complete
shipment under way via exclusive
truck and “special” train, the
company had dispatched an
average of one tower every nine
working hours and shaved 12

days off the accelerated schedule!
Soon these structures will be
serving in a far flung instrumen-
tation system, lifelining our
astronauts’ first venture into space.

Fubricating 560,000 pounds of
precision antenna support
components on a tight delivery
schedule is typical of Dresser-
Ideco’s ability to assume unusual
responsibilities. Outstanding
structural facilities, and the
knowledge and man-power to
make them hum, have established
Dresser-Ideco as a major source
for antenna towers and

antenna structures.

Find out how Dresser-ldeco
can best serve yvour program,
Consultation and cost estimales
on structural requirements are
available at no obligation.

Write for booklet: “Facilities

for Defense Production.”
Dresser-ldeco Company, A
Division of Dresser Industries, Inc.,
875 Michigan Avenue,

Columbus 15, Ohio.

Freld assembly test
of one of 48 antenna towers
for the Man-in-Orbit program.
This Dresser-ldeco contract included

transmitting. receiving

and boresight designs. DRESSER—IDECO COMPANY

DRESSER DRESSER
® INDUSTRIES
IDECD Inc.

ELECTRONIC « INDUSTRIAL
0IL o GAS o CHEMICAL
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Infrared System that gives Out-
standing Thermal Mapping Results

a major advance in infrared by HRB-SINGER

HRB is now permitted to discuss, outside military circles, some of
the company’s achievements in the field of infrared reconnaissance.

Pictured above is a schematic of the RECONOFAX® infrared
system at work. Qutstanding results from this system include the
recently released ‘“Manhattan Island” in which detail is accurate
enough to reveal undeveloped areas in Central Park, and residen-
tial, commercial and industrial areas throughout New York City.

Data may also be collected and relayed to earth for instant view-
ing—a technique which will prove useful in the area of combat
surveillance. Hundreds of targets can now be closely scrutinized
back at field headquarters without fear of losing the observation
aircraft’s recorded information.

Write HRB-SINGER, INC., Dept. I, for a complete series of data
sheets on HRB’s RECONOFAX® systems.

ELECTRONIC RESEARCH AND DEVELOPMENT in the areas of: Communica-
tions ® Countermeasures ® Reconnaissance ® Human Factors ® Astrophysics ® An-
tenna Systems ® Special Studies Intelligence ®* Weapons Systems Studies and
Analysis ® Operations Research

HRB-SINGER, INC.
R B A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY

Science Park, State College, Pa.

-—_»\ll. :r:duslrial

Engineering Notes

(Contoned trem page 724)

lished by the EIA Marketing Data De-
partment. will be mailed to all EL\ mem-
ber companies this week. Price to non-
members and the general public is 75 cents.
The publication, the sixth of an annual
series, contains summary data of all sta-
tistical reports published by the Marketing
Data Department and provides member
companies—as well as libraries, schools,
universities, research organizations and
other institutions—with the most compre-
hensive review of the electronics industry
available. The new edition is considerably
expanded over previous ones, according to
Executive Vice President James D. Se-
crest. \ new feature is brief sketches of
important historical, technological and
market developments. The elusive indus-
trial and military markets are described
in greater detail than before, and esti-
mated sales to major segments within
these markets are provided.

[ENGINEERING

A summary index describing 1,400 re-
search projects conducted by the Air Force
Air Research and Development Command
has been released to industry through the
Office of Technical Services, U. S. Depart-
ment of Commerce. Most of the scientilic
rescarch projects deseribed in the 342-
page index are being conducted at leading
U. 8. colleges and universities. Other proj-
ects are the work of industrial laborator-
ies, Governmment facilities, and private
nonprolit research institutions. All work
is listed under 24 subject categories which
cover six technical program areas: clec-
tronics, propulsion, materials, geophysics,
biosciences and aeromechanics. The pub-
lication s Basic Research  Resumes— -
Survey of Basic Rescarch Activities in the
Air Research and Development Command,
lHerner and Co., for ARDC, USAF,
342 pp. December 1959, (Order PB 161291
from OTS, U. S, Department of Com-
merce, Washington 25, . C., 85.)

INDUSTRIAL MARKETING DATA

Japan’s monthly production of tran-
sistors reached 7,200,000 during December
of last year, a total which, according to an
article in a Japanese trade magazine,
made that country “the world’s top transis-
tor-producing nation.” ‘The article said
December production exceeded that in the
United States by 1,700,000 units. Japanese
output during December 1958 totaled one
million transistors, according to the maga-
zine. It attributed what it called the
“transistor boom™ to the iucreasing popu-
larity of transistor radios. Sixty per cent
of all Japauese transistors are manu-
factured by two firms, the magazine suid.
One, the Nippon Electric Co., ships 70 per
cent of its output to the United States,
according to the article. The other, Tokyo

(Contoned on page 76.4)

74A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE July, 1960



BENDIX TRANSISTOR
IS BEST FOR THE JOB?

TYPICAL OPERATION AND MAXIMUM RATINGS OF BENDIX GERMANIUM PNP TRANSISTORS

PRIMARY APPLICATIONS MAXIMUM RATINGS TYPICAL OPERATION
Type Push- Power Coliector [ Collector| Thermal Junction Current Gain Circuit Power
Number Audio | Pufl | Switch| Supply Voltage Current | Resistance Temp. hFE Ic Gan Output
Vee (a) | Ic b) T — Adc db w
High Power Transistors (g)
2N155 X ! 30 Veb | 3Ade | 3c/w 85°C 0@ 05 B 2
2N176 X 40 Veb | 3 - 90 45 (¢) 05 35 2
2N234A X |3 2 90 2510 0s | 30 2
2N235A,B | X 49 | 3 2 90 40, 60 (c 0.5 33.36 2
2N236A. B | X | x| 40 |3 2 K 40, 60 (c 075 33,36 +
N282 X [ 45 Veb | 2 3 100 = — 35 1
Ns5 | X X ’ 15veb | 3 3 |8 6 | 05 2 | 1
N2S6 X X 30 Veb | 3 85 40 05 - ————y
2N257 X ’ 40 | - - 85 55 i0) 05 N I ¥
2N268, A X X | 80 Vcb = 85, 90 —. 40 —.20 3L = =
| 2N285A X X | 40 | 3 2 | 150 05 o | 2
2N297 X 60 Veb |5 2 35 70 05 - 50 (d)
2N301, A X - ~40.60 Vcb 3 — = 63 07 33 A |
2N307, A X T 35veh 1.2 5.3 5 80 0.2 - 27 =1
2N399 X X a0 3 2 90 0 0.75 33 8@
2N800 X X ~ 40 3 35 50 10 36 6
2N401 X X 40 3 2 |9 10 0s 30 B )
2N418 X X 80 5 100 50 80 - | 10
T 2N819 o X 45 3 35 60 0.5 = 5
“2N420, A i X X 10, 70 s | 2 10 |50 40 = - -
2N637, A B | X X 40,70, 80 5 > 100 s = 35,70 (@)
2N638, A,B | X | X X 40, 70, 80 5 2 100 30 3 = 735,70 (d)
2N639, A, B S X X 40, 70, 80 5 1100 < i 30 - 35, 70 (d)
2N677, A, B, C and 2N1029, A, B, C replaced by 2N1031, A, B, C - ) == B
2N678, A, B, C and 2N1030, A, B, C replaced by 2N1032. A, B.C . -
2N1031, A B, C | X X X 30. 40,70, 80 | 15 15 100 0 100 —- 75, 125, 250 (d)
2N1032, A B C| X | | x X 30,40,70,80| 15 15 100 B 100 | = | 75125250 (d)
T2N1073, A B () | X ==X - " 40, 80, 120 10 2.0 100 0 5.0 ~ — | 100, 150, 200 (d)
T 2N1136, A, B X T x| x| 400,80 5 20 100 ) 3.0 — ~35,70(d)
T2N1137,A, 8 X X X 40, 70, 80 5 |20 w0 s |30 = 35,70 (d)
T2N11387A, B X X X | 5 20 100 150 | 30 - 35,70 (d)
B-177 X X i | 3 22 |90 150 () 05 9= 2
B-178 X | 3 2.2 90 40 (¢ 05 33 — 2
B-179 X |3 2.2 90 50 05 | =»m 2
Medivm Power Transistors (h)
2N1008, A, B X X X | 20,40,60 300mA | 0.15°C, mw| 85 95 (¢ 10mA - 400mwW (f)
T2N1176, A, B X X 20,40,60 | 300mA | 0.20°C mw| 85 50 | 1mA | = T 300mW (f)
Military Types
2N297A (g) X X X 50 5 2.0 95 70 05 - 35 (f)
2N331 (h) X X _30veb | 200mA | 0.15°C/mw |85 | S0(c) | 1OmA = | s0omw (n)
2Nl | X X X 70 =5 2.0 95 5 | 30 - 70 (d)
T2N1120 () X X X 70 15 15 % |3 | 100 - il 250 (d)
(a) Vce except where noted. Equivalent Vcb's are 20-50% higher. (b) Collector dissipation is the difference between the junction t and the base e divided by
the thermali resistance.  (c) hfe, AC current gain.  (d) Square wave output power. (e) Push-pulioutpul. {f) Pe—Maximum collector dissipation 25°C. {2) TO-3package. (h) TO-9 package. (i) Diffused-
Alloy-Power DAP transistor.
CHARACTERISTICS OF BENDIX SILICON RECTIFIERS
Type lo PIV Type lo PIV Type lo PIV
Number Adc Vde Lib Number Adc Vde Lib Number Adc Vde Lib
1N536 0.75 50 10 uAdc (At 25°C) 1N1434 30 50 5 mAdc (At 150°C) IN1612 5 50 1 mAdc (At 150°C)
| INS37 0.75 100 10 uAde 1N1435 30 100 5 mAdc - 1N1613 5 1007 1 mAde ==
INS38 0.75 200 10 uAde - 1N1436 30 200 5mAde IN1614 5 200 1 mAde =
INS39 0.75 300 10 uAde B IN1437 30 400 5mAde INI6IS | 5 400 1 mAde =
T IN540 075 | 400 10 uAdc B 1N1438 30 600 5mAdc 1N1616 5 600 1 mAde
T INS4T 0.75 600 10 uAde B

Write Semiconductor Products

BTGk Division B2

CORPORATION

LONG BRANCH, N. J.

West Coast Sales office: 117 E. Providencia Ave., Burbank, California s  Midwest Sales office: 4104 N, Harlem Avenue, Chicogo 34, lllinois
New England Sales office: 4 Lloyd Road, Tewksbury, Mossachusetts & Export Soles office: Bendix International Division, 205 E, 42nd Street, New York 17, New York
C dion Affiliote: Computing Devices of Canada, Ltd,, P. O, Box 508, Ottawa 4, Ontario, Canada
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TUBE
PROBLEM:

When the 6AF4 tube
was replaced in UHF
TV tuners, servicemen
sometimes got a big
surprise. Reason:

the tubes were not
standardized. and a
replacement was
likely to bring in one
channel where another
should have been.

SONOTONE
SOLVES IT:

First, Sonotone set

up extremely tight
controls on all
materials going into
the 6AF4 components.
Second, Sonotone
used a more thorough
exhaust process.

RESULT:

The Sonotone AF4
family of reliable
tubes has been
accepted by the
industry as standard
for initial production
and replacement.

Let Sonotone help
solve your tube
problems, too.

Sonotone.:

Electronic Applicotions Division, Dept. T42-70
ELMSFORD, NEW YORK

Leading makers of fine ceramic cartridges, speakers, micro-
phones, electronic tubes.

In Canada, contact Atlas Radio Corp., Ltd., Toronto
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(Contrnucd from page 74:1)

Shibaura Electric Co., exports 25 per cent
of its transistors to this country. . .. Jap-
anese electronics output continued the
strong upward trend in 1959 to set an all-
time record, the Electronics Division,
Business and Defense Services Adminis-
tration, U. S. Department of Commerce,
reported last week. Production was valued
at 8936 million last vear, compared with
$498 million in 1958. The record level is
attributed chiefly to the accelerated pro-
duction of consumer electronic products,
which rose to 8531 million —exceeding the
total 1958 output of all electronic products.
Production of television receivers valued
at 8335 million (2.9 million units) con-
tinued to dominate the electronic indus-
tries output, followed by radio receivers at
$157 million (10,0 million units). Other
leading products were receiving tubes, $72
million (118.6 million units); television
picture tubes, $59 million (3.2 million
units); and transistors, $15 million (86.5
million units). Prospects for 1960 are for
continued growth, as investments for in-
dustry expansion remain high. One Jap-
anese industry source has estimated the
country’s total electronics output this
vear at a level about one-third above that
of 1959. The production of transistors and
other semiconductor devices probably will
be at a substantially higher level in 1960.
The increase in output of television and
radio receivers may not be as great. At the
end of 1959, more than 4 million television
receivers were in use in Japan, and it is
expected that the demand for receivers will
tend to decrease after mid-1960. Also, in
view of Japan’s record output of 10 million
radio receivers in 1959, it is not expected
that domestic and foreign demand will in-
crease sufficiently to permit the rapid rate
of increase in production of recent years.
... There will be an increasingly better
market in Japan for American-made data
processing equipment, reports an executive
of the International Business Machines
Corp. now traveling with a Department of
Commerce trade mission in Japan. “As
the economy of Japan continues toexpand,
the value and need for data-processing is
bound to be recognized,” reported Harry
G. Eilers, Special Assistant to the Vice
President of 1BM. “There should be a
good opportunity for American producers
of such equipment to participate in the
business which will result as Japan adopts
modern equipment and methods,” he con-
tinued. The U. 8. Trade Mission to Japan,
spousored by the Commerce Department'’s
Bureau of Foreign Commerce, is conduct-
ing an on-the-spot study of opportunities
for expanded U, S.-Japanese trade, with
particular emphasis on increasing sales of
American products in that country. The
group of six representatives of prominent
U. S. business firms also reported that
Japan’s improved balance of payments
and the over-all strength of its cconomy,
coupled with its announced intention to
reduce impediments to imports of Ameri-
can products, will result in a substantial

increase in that market for U. S. capital
goods, . .. The Computing and Related
Machines Industry did $1,117 million
worth of business in 1958, an increase of 79
per cent in a four-year period. Employ-
ment during the same period rose 45 per
cent, to a total of 82.3 thousand workers.
. . . Electronics and communications firms
received $473.2 million worth of business
from the military services during the first
quarter of fiscal year 1960. The total in-
cludes $28.7 million in procurement from
small business concerns, statistics accumu-
lated by EIA’s Marketing Data Depart-
nment show.

MiLiTARY ELECTRONICS

Chairman Overton Brooks (D) La. of
the House Committee on Science and
Astronautics has warned that if another
world war broke out, it would be fought
principally with man-monitored machines,
with battles being directed by computing
machines. The war would be fought so
fast, he declared, that the President, if he
could be found in time, would have ten
minutes “to order retaliation or have our
forces wiped out on the ground.” The
Louisiana Congressman emphasized the
part science and technology would play in
another world conflict, if one should occur,
in an address at the state convention of the
Louistana  Department of the Reserve
Officers Association at Lake Charles, La.
“Today,” he stated, “our nation is looking
at the scientist and engineer for survival
in the future. . . . The next world war . ..
may well be won during the preparation
phase. The changing techniques of mod-
ern warfare will put us in a push-button
type of war with clectronics and weapons
playing the most important roles. Men will
provide the guidance and the pre-battle
data, but the machine, monitored by man,
will do the job. Warfare will be so fast that
computers will be required for intelligence
reports, force controls and battle direc-
tion,” Rep. Brooks declared. . . . Develop-
ment of a rocket-borne radiosonde which
electronically probes the atmosphere to an
altitude of 40 miles—twice the ceiling for
weather balloons—was disclosed by the
Army. The Army said the new radiosonde
makes possible a more economical and
flexible method than the complex rocket
systems now used to collect data from
levels above balloon ceilings. 1t will gather
wind speed and temperature data. The six
and one-half pound device contains a
radio transmitter powered by silver-zinc
batteries. The sensory and radio system
is packed into the nose cone of a 77-pound
ARCAS rocket. After release from the
rocket, the radiosonde floats earthward on
a 15-foot parachute. Wind speed and direc-
tion are plotted by an automatic ground
tracker called a “rawin set,” originally de-
veloped by the Army Signal Corps for
monitoring balloon flights. The radiosonde
was designed and built at the U. S. Army
Signal Research and Development Lab-
oratory. The Army said the device meets
requirements of the military services, the
National Acronautics and Space Adminis-
tration, and the U. S, Weather Bureau.

. Last week Aeronutronic Division of
Ford Motor Company was selected by the

(Continued on page 78:4)
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SLOW BLOWING J¥
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FUSETRON

Guine FUSES

EmANT
Ancther aumironding deveispman
by the mukery of
BUSS FUSES

i—=a

Why “Experiment”...

with electrical protective devices
when BUSS fuses have proven

With the many types of electrical
protective devices on the market, per-
haps you have asked yourself, “Which
line is best for me?”’,

It doesn’t pay to “experiment’’.

Protective devices that fail to pro-
tect or that open needlessly may reflect
on the quality and reliability of your
product — which in turn can affect
your sales curve.

BUSS and FUSETRON fuses, on
the other hand, do provide dependable
electrical protection under all gervice
conditions . . . and have for the last 45

years in the home, in industry and on
the farm.

Electronic testing assures
dependability.

Every BUSS and FUSETRON fuse
is tested in a sensitive electronic device
that automatically rejects any fuse not
correctly calibrated, properly con-
structed and right in all physical
dimensions,

Complete Line, There is a com-
plete line of BUSS fuses in sizes from
1/500 ampere up . . . plus a companion
line of fuse clips, blocks and holders,

BUSS fusé#_:‘ are made fo prof

BUSS'mo'k'és a complete line of fuses for I‘;om'e, fa

their dependability?

If your protection problem is
vnusual . . . let the BUSS fuse engi-
neers work with you and save you
engineering time. If possible, they will
suggest a fuse already available in local
wholesalers’ stock so that your prod-
uct; can be easily serviced wherever
sold.

For more information on the complete
line of BUSS and FUSETRON Small
Dimension Fuses and Fuseholders, write
for Bulletin SFB.

BUSSMANN MFG. DIVISION
McGraw-Edison Co.

University at Jefferson, St. Lovis 7, Mo,
760

- electronic, electrical, automolive and indtisf'
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SEPTEMBER 19, 20, 21, 1960

1960 NATIONAL SYMPOSIUM
SPACE ELECTRONICS

AND

TELEMETRY

Sponsored by

The Professional Group on Space Electronics and Telemetry

(PGSET)

of the Institute of Radio Engineers

EXHIBITS AND SESSIONS:
SHOREHAM HOTEL

WASHINGTON, D.C.

PALSIK

CW e FSKe SSB

The TMC Model PAL-1K is o
conservatively rated Linear
Power Amplifier delivering
1000 Watts PEP SSB or 1000
Watts CW and FS through-
out the frequency range of
2 to 32 mcs.

The PAL-1K is completely
bandswitched and continu-
ously tunable with all con-
trols on the front panel.
There are no plug-in com-
ponents. The final is Pi-tuned
and incorporates a ceramic
tube for increased efficiency.
ALDC (Automatic Load and
Drive Control) and inverse
feedback are used to im-
prove linearity and sup-
press unwanted transmission
products.

SEND FOR
BULLETIN
221

THE TECHNICAL MATERIEL CORP.
MAMARONECK, NEW YORK
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(Continacd from puye 76-4)

National Aeronautics and Space Adminis-
tration for negotiation leading to construc-
tion of a 300-pound instrumented package
to be impacted on the moon within the
next two years. The package will contain
a seismometer, temperature-recording de-
vices and other instruments. After the
crash landing, the instruments will radio
data back to Earth for a month or longer.
... A high-speed magnetic tape transmis-
sion system operating over standard tele-
phone voice-type circuits has reduced to
one hour an Army inventory control task
which once took 13 hours. ‘T'he syvstem, de-
veloped by Collins Radio Co., is said by
the Army to be the world’s fastest for ex-
change of data between clectronie com-
puter centers. .\ system prototype how
links the computer centers of the Army
Signal Supply Agency at Philadelphia with
the lexington, Kentucky, Signal Depot.
The agencies are 500 miles apart. The
Army said it maintains proper inventory
control by requiring daily reports from
depots. ‘Through use of relatively fast
punched card data  transmission, this
operation had required about 13 hours of
transmission daily. By using the new sys-
tem, data on the entire inventory at Lex-
ington can be transmitted to Philadelphia
(Continned on pages $0.1)
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New Random Access Memory Package...

uses only 18.75"
IN STANDARD 19" RACK

PROCEEDINGS OF THE IRE

ANOTHER G-C SPACE-SAVER!

GENERAL CERAMICS, continuing its
leadership in the memory packaging
field, has made available double and
triple bay random access memories with
up to 4096 characters x 32 bits per char-
acter at cycle times up to6 micro-seconds.
Now you can get design economy since
the basic G-C package requires only
18.75" of standard rack space—a reduc-

Ty

tion of up to 80% over typical units re-
quiring a full six feet.

General Ceramics offers space-saving
random access memory designs with
varying number of characters, word
lengths and logic.

Optional design features include parity
checking, test cycles, indicator lights and
power supply locations.

Write on your company letterhead for additional information.
Please mention your requirements; address inquiries to Section P.

..........

PB.

GENERAL

COoRPORATION

July, 1960

APPLIED LOGIC DEPARTMENT

GENERAL CERAMICS
KEASBEY, NEW JERSEY, U.S.A.

TECHNICAL CERAMICS, FERRITE AND MEMORY PRODUCTS
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$-306-AB
Socket with
Angle Brackets.

)0 AND SOCKETS

P-306-CCT
Plug. Cable

Jones Series 300 illustrated. Small Plugs & Sockets for
Ciamp in Cap. :

001 Uses. Cap or panel mounting.

e Knife-switch socket contacts phos-
phor bronze, cadmium plated.

¢ Metal Caps, with formed fibre
linings.

e Bar type Plug contacts brass, cad-
mium plated, with cross section of
5/32” by 3/64".

¢ Made in two to 33 contacts.

e Ided bakeli ® For 45 volts, 5 amperes. Efficient
LE CUCLI QGG LR HLLL O LB at much higher ratings where cir-

e All Plugs and Sockets polarized. cuit characteristics permit.

Ask for Jones Catalog No. 22 showing complete line of Electrical
Connecting Devices, Plugs, Sockets, Terminal Strips. Write or wire today.

HowaAaRD B. JONES DIVISION

CINCH MANUFACTURING COMPANY

CHICAGO 24, ILLINOIS
DIVISION OF UNITED-CARR FASTENER CORP.

Manufacturers of:

PHASE
METERS

NULL
DETECTORS

= IMPEDANCE
L/ COMPARATORS
i Y ‘
ol POWER
OSCILLATORS

3 S [}

Readi t affected by noi d harmoni FREQUENCY
eadings not affected hy noise and harmonics

Frequency range 15 CPS — 30KC STANDARDS
Accuracy to .01 degree with simple circuit techniques °
High sensitivity on input & reference channels

Can measure in-phase & quadrature voltage component Au;lurg':m

MODEL
200AB v

PRICE

$44900 Y

2° absolute accuracy

For further information contact your nearest
representative or write for brochure

Other Electronic
Test Equipment

INDUSTRIAL TEST EQUIPMENT CO.

55 E. 11th ST, NEW YORK 3 * GR. 3-4684

VISIT OUR BOOTH NO. 433—WESCON 1960
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in about an hour. The system uses two
compact, fully transistorized cabinet units
at each end of the circuit. One cabinet
transfers computer memory data to mag-
netic tape. The other converts taped data
into electrical signals suitable for trans-
mission over telephone lines. The same
equipment receives and transmits data.
. . . A single communications system, pull-
ing into one agency all the long-haul re-
quirements of the Department of Defense,
will be established under two directives,
the Department of Defense announced last
week. The documents, signed by Secretary
Thomas S. Gates, Jr., authorized a new
type of agency headed by an ofhcer of gen-
eral or flag rank with command responsi-
bility direct from the Secretary of Defense
through the Joint Chiefs of Staff. Tt re-
solves a problem that has been known to
concern the Congress and the Pentagon
for a long period. The two directives, de-
signed to increase the effective use of long-
line communications by centralizing their
control, provide for a Defense Communi-
cations Agency and a Defense Communi-
cations System, both under the direction,
anthority and control of the Secretary of
Defense. General responsibility for the
operational control and supervision of the
svstem will be assigned to the agency. The
Defense Communications System will fur-
nish facilities for command and control
functions, intelligence, weather, logistics,
and administration, Communications re-
quirements which have been met by the
three military services in support of the
National Aeronautics and Space Adminis-
tration will be furnished in the future by
the agency. Implementation of the plan,
with the assumption of operational control
and full supervision of the system by the
new agency, will be accomplished on a
phased basis without disrupting essential
comnmumications  during the transition
period. This is expected to take about nine
months from the date when the chief of the
agency is appointed. The Defense Depart-
ment said the single communications sys-
tem is essential for the following reasons:
a) To provide maximum communications
for the dollar investment; b) To provide
support for the more advanced weapons
systems of the future through a centralized
control; ¢) To provide maximum flexibil-
ity; d) to assure adequate dispersion with
alternate routing capability; ¢) To elimi-
nate duplication in the research and de-
velopment field; and ) To provide for
standardization of installation, operation,
and maintenance to assure over-all system
efficiency. The system does not include:
Tactical communications which are self-
contained within tactical organizations;
self-contained  information  gathering,
transmitting and/or processing facilities
which are normally local in operation and
wuse; weapons systems requirements which
cannot be met through the facilities of the
DCS; and land, ship or airborne terminal
facilities of broadcast, ship-to-ship, ship-
to-shore, and ground-air-ground systeins.
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For the Ultimate in Versatility ...

the Tektronix Type 555 DUAL-BEAM

DC-to-30 MC Oscilloscope ke

The Type 555 writes with two independent
electron beams. Each beain is controlled by
its own separate horizontal and vertical
deflection systems. Each vertical channel accepts all
Tektronix Tvpe A to Z Plug-In Units.

HORIZONTAL DEFLECTION - - Either of the two time-base
generators in the Type 555 can deflect either beam for
single displayvs and for dual displayvs on different time
bases, and either can deflect both beams for a dual dis
play on the same time base. Time-base units are the
plug-in type to facilitate instrument maintenance

SWEEP DELAY — With one time-base generator function-
ing as a delay generator. the start of anv sweep gen
erated by the other can be held off for a selected time
interval with a high degree of accuracy. Both the orig
inal display and the delayved display can be observed at
the same time. The “triggered” feature can be used to
obtain a jitter-free delaved display of signals with
inherent jitter

VERTICAL DEFLECTION - The availability of fifteen dif
ferent plug-in units in the Tektronix Tvpe A to Z Series
provides for special and unique applications such as
dual-beam pulse-sampling. transistor risetime test
ing. semiconductor diode-recovery-time measurements,
strain gage and other transducer measurements. and
differential comparator measurements as well as all
general laboratory applications. In addition. three
channel or four-channel displavs are available through
use of the time-sharing characteristics of Tektronix
I'vpe C-A Dual-Trace Units in one or both channels.

Your Tektronix Field Engineer will be happy to arrange
a demonstration in your application. Call him for com-
plete details.

TEKTRONIX FIELD OFFICES: Albuguerque, N, Mex. + Atlanta, Ga.  Ballimore [Towson, Md.] o Boston

® [ 4
-

.8 e 0
‘elelf
- so
o ®

poWir UrmY
pp 556 OUAL BLAM OKCLIONO?

®

SWEEP DELAY

w
CHARACTERISTICS
Independent Electron Beams
a Or z0o y
0 f oatn b R P
Fast-Rise Main Vertical Amplifier
K
Riser High Writing Rate
K K
ke

Separate Power Supply
Wide-Range Time-Base Generators

: PRICE, Type 555
R $2600

Sweep Delay — Two Modes of Type 500A Scope-Mobile
Operation $100
T : Type 500 53 Scope-Mobile

s110

Tektronix, Inc.

P. O. Box 500 * Beaverton, Oregon
Phone Mltchell 4-0161 « TWX—BEAV 311 ¢ Cable: TEKTRONIX

Lexington, Mass.} « Buffalo, N.Y. « Chicago (Park Ridge, I1l.} o Cleveland, Ohio « Dollos, Texos « Dayton

Ohio « Denver, Colo. + Detroit {Lathrup Villoge, Mich.) « Endicatt {Endwell, N.Y.) « Greensboro, N.C. « Houston, Texas e Kansas City [Mission, Kon.) « East Los Angeles, Colif. « West Los Angeles, Colif, o« Min

neapohis, Minn o New York City Area (Albertson, L., N.Y. « Stamford, Conn » Union, N J | » Orlando

Fla. » Phitadelphia Pa. e Phoemx [Scattsdole, Ariz ) o Poughkeepsie, N Y. o San Diego, Coltf » Son Francis

Palo Alto, Calif | « St Petersburg, Flo.« Syracuse, N.Y. s Tarante (Willowdole, Ont.) Canada « Washington, D C [Annandale, Va
TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics; Portland, Oregon o Seottle, Washington Tektronix s represented 1n twenly overseas countries by quolified engineering organizehians

n Europe pleose write Tektronix Inc., Victorio Ave., St. Sompsons, Guernsey C.1., for the oddress of the Tektronix Representotive in your country
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A Professional

m Ml
il |

EMERGENCY Group Meetings

. LIGHTING
& POWER

fnguhon.

EMERGENCY
LIGHTING &
POWER UNIT

with

‘ kllluslmes ATR Emer-
gency Lighting and Power Unit,
Model ETS complete with lamps.

Completely Automatic
Standby-Power Units
Specially Designed to Per-
|+ mit the Instantaneous

s Continued Operation of

' Critical Lighting Equip-
ment, PA Systems, Am-
plifiers, Intercom Systems,
Burglar Alarms, Fire

gl [‘3.,’-’% Alarms, Synchronous
SP#El T Electric Clocks, Electrie
-t Time and Recording
h Clocks, Incubators, Gas

v ' Valves, Telephone and
Test Equipment, and
Similar Critical Devices in
the Event of 115 Volt AC
Commercial Power Line
Failure. For Use: In Hos-
pitals, Banks, Hotels,
Theatres, Factories, Office
Buildings, Schools, Homes,
and Many Other Areas of
Operation.

SEE YOUR JOBBER OR WRITE FACTORY

o “A” Battery Eliminators « DC-AC Inverters » Auto Radio Vibrators

American Tetevision & Raoio Co.
A ZLuality Products Scnce 1931
SAINT PAUL 1, MINNESOTA, U. S. A.

T ———————
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AERONAUTICAL AND
NAVIGATIONAL [ELECTRONICS

Boston-—Nay §

“Air Collision Avoidance,” Panel: F, N
MeDermott, Air Trafhic Control; J. AL
Weber, Federal  Aviation  Ageney; ]
Lederer, Civil Aeronanties; 1. . Walls,
Airline Pilots Association.

Metropolitan New York—QOctober 8

“Current Status of Aircraft Collision
Avoidance Systems and Proximity Warn-
ing Indicators,”™ F. .\, White, Air Trans-
port Assn.. Washington, D. C.

Metropolitan New York-—November 12

“Guidance Considerations for Inter-
planctary Travel,™ PP . Kendall, FT'T
Labs, Fort Wayne, Ind.

Metropolitan New York—December 10

“Automatic  Landing
Sheftell, Federal Aeronauties Assno.

Systems,”  D.

) [ TRATAKANE

January 14

“Doppler-Inertial  Navigation  Sys-
tems,” L. 1. Dworetsky, General Precision
Lab.. Pleasantville, N, Y.

Metropolitan New York

Metropolitan New York—Fcebruary 11

“Man Machine Relationship in Jet Age
Air Traffic Control,” S. Saint, American
Airlines.

ANTENNAS AND PROPAGATION
Boston-—DNarch 16

“Lightning, \tmospherics and  the
Propagation of Long Radio Waves,” 15T,
Pierce, Aveo Mg, Co., Wilmington, Mass.

San Francisco—April 13
“The Structure of our Galaxy,” Dr.
M. Roberts, University of California,
Berkeley.
San Francisco—April 20

“Radar Astronomy,”™ Dr. A M. Peter-
son, Stanford University and Stanford Re-
search Institute.

Continued on page 844

Make your Reservations CNow --Plan to attend the gzﬂlz--
Conference On Communications

TOMORROWS TECHNIQUES —
A SURVEY

Exhibits

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Cedar Rapids Section

Sponsored by the

CEDAR RAPIDS, IOWA

Roosevelt Hotel

SEPTEMBER 9-10

Address:
t“‘Conference on Communications'

P. 0. Box 948

CEDAR RAPIDS
IOWA

Speakers

jor jn/zrma lion on /Qegi.tlralion anz[ﬂouding

Contact: RAY FULLER

Banquet : Tours

July, 1960



GEALING KOVAR ALLOY TO GLASS
D ——————————

|. PREPARATION OF METAL
2 PREPRATION OF GLASS

3 PROCESSING ALLOY

4-GLASS SEALING METHODS
5 ANNEALING
6. INSPECTION TESTS

Engineering hints from Carborundum

6 steps to better glass-to-metal seals

with KOVAR® Alloy

KOVAR® is the original iron-nickel-cobalt alloy with correct
thermal expansion characteristics for making seals with sev-
eral hard glasses. Procedures for obtaining a satisfactory seal—
with optimum production yields—will vary according to the
nature of the end product. This may range from large electron
tubes to the smallest semi-conductor devices. The following
hints typify recommendations for the more critical electron
tubes; they can be modified for other products according to
need.

1. KOVAR should be scratch-free. Polish with 180-grit alu-
minum oxide cloth, followed by 260-grit—never emery or
carbide. Round edges of edge-type seals with a radius of
about half metal thickness. Sand-blasted matt finish, using
pure alumina, is preferable for butt type seals.

2. REMOVE DUST FROM GLASS with lint-free cloth. Rinse in
109% hydrofluoric acid solution, then in running tap water,
finally in distilled water. Dip in methanol and hot air dry.

3. CLEAN KOVAR prior to sealing by trichlorethylene vapor
degreasing, immersion in concentrated HCl, followed by
rinses in tap and distilled water. Methanol dip and hot air

For permanent vacuum and
pressure-tight sealing . . . count on

dry. Heat treat in wet hydrogen atmosphere.

4. SEALING EQUIPMENT includes gas-oxygen burner and glase
lathe. Oxidize surfaces by heating metal and glass to 850°
C in air. Bring parts together by pressure. For strong seal,
glass edge should approach 90° angle where it meets
KOVAR alloy.

5. ANNEAL SEAL using flame or furnace program, advancing
to annealing temperature for 30 mins. Reduce to 50° C
below strain point at 1° per minute, then 10° per minute
to room temperature.

6. INSPECTION may include stress analysis by polariscope
viewing or other method. Examination under 10x to 15x
magnification should show that glass is free from excessive
bubbles. Glass color should be grayish or mouse brown.

FIND OUT ABOUT KOVAR-—
WHERE IT IS USED AND WHY

Bulletin 5134 gives data on composi-
tion, properties and applications of
KOVAR Alloy. For data on sealing pro-
cedures, ask also for Technical Data
Bulletin 100-EB6. Write Dept. P-70,
Latrobe Plant, Carborundum Co.,
Latrobe, Pa.

CARBORUNDUM®

PROCEEDINGS OF THE IRE July, 1960

83A



A Professional §

Group Meelmgs

(Continued from page 82.4)

Washington—April 25

“The Hourglass Scanner—A  New
Rapid Scan, Large Aperture Antenna,”
M. Fullilove, Melpar, Inc., Falls Church,
\a.

ANTENNAS AND ProPAGATION/
Microwave THrory &
TrEcuNiQues

Columbus—April 12

“On Interconnecting Two Equipments
with a Slight Frequency Separation to a
Single Antenna,” Dr. W. B. Tilston, Sin-
clair Radio Labs, Toronto, Canada.

Columbus—2MNay 6
“8-Millimeter Radiometry,” Prof. S.

Silver, University of California, Berkeley.

Orange Belt—April 12

“Tunnel Diode Symposium,” Dr. C.
Carter, Space Tech. Labs.; G. Messenger,
Hughes Semiconductor Div.

Philadelphia—April 19, 1960

“Physics of Space Communication,”
C. T. McCoy, Philco, Corp., ’hiladelphia,
Pa.

Aunio

Albuquerque-Los Alamos—April 12

“FM Broadcasting,” A.
Annett, Station KHFNMI,
N. M.

Koerner, D.
Albuquerque,

March 14

Tape Recorder Stand-
Fite, Sandia Corp., Albu-

Albuquerque-Los Alamos-

“Four Track
ards,” A. W,
querque, N. M

March 24

“High Intensity Sound,” Dr. ]J. K.
Hilliard, Ling Altec Research.

Baltimore-

Boston-—April 28

“The Loud Spcaker—Can we improve
it2" S, ). White, Aundax, Inc.

AvToMATIC CONTROL

Fort Worth—NMay 9

“The Molecular Approach to FElec-
tronic Computer and Automatic Control
Components,” R. Biesele, Jr., Shockley
Transistor Corp., Palo Alto, Calif.

l.os Angceles—April 12

“Theory and Practice of Booster
Rocket Control,” Dr, J. Ascltine, Space
Technology Lab., Los Angeles, Calif.

“Booster Rocket Control System In-
flight Problems and their Solutions,™ F. H.
Kaufman, Space Technology lab., Los
Angeles, Calif,

84A

Milwaukee—2>MNlay 10

“Feedback Theory Applied to Produc-
tion and Inventory Control,” Dr. G. ].
Murphy, Northwestern University, Evan-
ston, 11l

Bro-MepicaL ELECTRONICS
Boston—December 8

“Computer Study of the Nervous Sys-
tem,” W, Clark, MI'T Lincoln Lab., Lex-
ington, Mass.

Boston—April 26

“Biomedical Electronics as a Career,”
AL M. Grass, Grass Instruments; A, Miller,
Sanborn Co.; S. Aronow, Mass. General
Hospital; W, T, Peake, M.L.T.

Los Angeles—April 21

“Visualizing Soft Tissue Structure by
Ultrasound,” D. H. Howry, M.D., Uni-
versity of Colorado School of Medicine,
Denver, Colo.

Montreal—February 29

“Electronics—Its  Effect on  Physio-
logical ‘T'eachings and Research,” C.
Pinsky, G. Mandl, G. Smith, McGill Uni-
versity, Montreal, Canada.

New York—December 17

“Non-thermal Biologic Effects of Elec-
tromagnetic Fields,” J. H. Heller, M.D.,
New England Institute for Medical Re-
scarch.

New York—January 21

“The I’hysiologic and Clinical Signifi-
cance of the Electroencephalogram,™ C.
Wells, NL.I)., Cornell University Medical
College, Tthaca, N. Y.; “Analysis of the
Electroencephalogram,”  T. F. Weiss,
M.LT., Lexington, Mass.

New York—February 18
“Problems encountered in the use of
infra-red imaging devices for penetration
of ocular capacities,” . Friedman, 1).1).S.

“Can the wave forms of the electro-
cardiograph be measured auwtomatically?”

A. Caceres, M.D., George Washington
University Hospital.

“Is it possible to track the passage of a
telemetering capsule through the gastro-
intestinal tract?”™ John T, Farrar, M.D.,
New York Yeterans Administration Hos-
pital.

Portland—April 28, 1960

“Electronics in Cardiovascular Radiol-
ogy,” C. Dotter, Univ. of Oregon Medical
School, Portland.

“Magnetic  Recording of Medical
Data,” L. Park, Park Electronics, Aloha,
Ore.

‘October 27

“The Nervous System and Automatic
Control,” Panel: G. F. Franklin, Ph.D,,
Stanford E. E. Dept.; E. Callaway, M.D.,
Laugley Porter Clinic and K. H. Pribrun,
M.D., Stanford University.

San Francisco

(Continued on page 864)
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JIHE
UNIVERSAL
DI0DE

Fairchild FD200 High-Conduct-
ance Ultra-Fast Silicon Diode
available coast-to-coast from
these authorized Fairchild
sources:

EAST

CRAMER ELECTRONICS INC.

811 Boylston St., Boston 16, Massachusetts
COpley 7-4700, WUX: FAX Boston Mass.
PHILA. ELECTRONICS, INC.

1225 Vine St., Phuladelphla 7, Pennsylvania
LOcust 8-7444

SCHWEBER ELECTRONICS

60 Herricks Road, Mineola, L. I., New York
Ploneer 6-6520, TWX: G CY NY 580

VALLEY ELECTRONICS INC.

1735 East Joppa Road, Towson, Maryland
VAlley 5-7820, TWX: TOWS 564

VALLEY INOUSTRIAL ELECTRONICS,
INCORPORATEQ

1417 Oriskany Street W., Utica, New York
RAndoiph 4-5168, WUX: EAX Utlca New York
EASTERN SALES OFFICES

JENKINTOWN, PENNSYLVANIA

100 0Id York Road, TUrner 6-6623

TWX: JENKINTOWN PA 1056

WASHINGTON 6, 0.C.

1027 Cafritz Buuldmg, NAtional 8-7770
GAROEN CITY, L.1., NEW YORK

600 Old Country Road Ploneer 1-4770

TWX: G CY NY 5391

SYRACUSE, NEW YORK

731 James’ Street, Room 304, GRanite 2-3391
TWX: SS 94

MARBLEHEAO, MASSACHUSETTS

19 Preston Beach Road

NEptune 1-4436

SOUTH

SCHWEBER ELECTRONICS, FLORIOA

P.0. Box 1491, Melbourne, Fla.

PArkway 3-4461

CENTRAL

SEMICONOUCTOR OISTRIBUTOR
SPECIALISTS, INC. o
5706 West North Avenue, Chicago 39, lllinois
NAtional 2-8860

CENTRAL SALES OFFICE

OAK PARK, ILLINOIS

6957 West North Avenue, Village 8-5985
TWX: OAK PARK 2820

WEST

HAMILTON ELECTRO SALES

12308 Wilshire Bivd., Los Angeles 25, Calif.
EXbrook 3-0441, BRadshaw 2-8453

TWX: W LA 66 37

KIERULFF ELECTRONICS INC.

820 West Olympic Blvd., Los Angeles 15, Calif.
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Fairchild FD200. actual size

High Conductance, Ultra

... satisfies all of today's diode requirements and forestalls
obsolescence by fulfilling foreseeable future demands for logic,
switching and general-purpose applications with these advanced
specifications:

® Over 100 mA forward conductance at 1.0 V

® |ess than 50 myisec reverse recovery time

# Capacitance under 5 yiuf at OV

@ 200 V minimum breakdown voltage

RELIABILITY is significantly advanced by the introduction of
Fairchild’s latest semiconductor state-of-the-art development —
the Planar Structure.

UNIFORM CHARACTERISTICS and minimal parameter spreads
give unvarying results and consistent performance from every
FD200 diode.

IMMEDIATE AVAILABILITY—Call your local distributor or sales
office. Complete listing attached. Complete line of Fairchild 1N-
types to current specifications complement the FD200.

MAXIMUM RATINGS (25°C)- (Note 1

WiV Working Inverse Voltage 150v

to Average Rectified Current 100 mA

If Forward Current Steady State D.C. 150 mA

i Recurrent Peak Forward Cureent 300 mA

if (surge) Peak Forward Surge Cuerent Pulse Width of 1 sec. 500 mA

if (surge) Peak Forward Surge Current Pulse Width of 1 ,.sec. 2000 mA

P Power Dissipation 250 mW

P Power Dissipation 100mW @ 125 C
TA Operating Temperature —65 to 4175C
Tstg Storage Temperature, ambient —65 to ++200°C

July, 1960

Fast Silicon Planar Diode

ELECTRICAL SPECIFICATIONS (25°C unless noted

SYMBOL CHARACTERISTICS ~ MIN. TYPICAL MAX. TEST CONDITIONS
Ve Forward Voltage 1.0V IF 100 mA
I Reverse Current 0.1 .A VR 150V
IR Reverse Current 100 .A Vg - 150V
{150°C)
Bv Breakdown Voltage 200V IR 100,A
trr (Note 2) Reverse Recovery 50musec It —30mA
Time Ir - 30mA
RL 150 Ohms
Co {Note 3) Capacitance 50,,f VR OV
f o Ime
RE {Note 4) Rectitication 35% f - 100me
Efficiency
Forward Voltage 1i8mv C
Temperature
Coefficient
NOTES:
(1) Maximum ratngs are hmiting values above which Iife or satisfactory performance may be

imparred

(2} Recovery to 10 mA

(3) Capacitance as measured on Boonton Efectronic Corporation Model No 75A S8 Capacitance
Bridge or equivalent

(4} Rectification Efficiency is defined as the ratio of D C. load voltage to peak rf input voltage to
the detector circuit, measured with 2 0 V 1 m.s. input to the circut. Load resistance 5 K ohms,
load capacitance 20 upt,

A wholiy owned subsidiary of Fairchild Camera and Instrument Corporation

AIRGHILD

SEMICONDUCTOR CORPORRTION
n

4300 Redwood Highway, San Rafaei, California - Glenwood 61130 . TWX: SRF 26
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PUBLISHED BY ROME CABLE DIV.
PIONEERS IN INSTRUMENTATION

0F ALCOA,

ROME, N. Y.
CABLE ENGINEERING

NOW HEAR THIS. Japanese hearing aids now coming into the U.S. market
could mean real competition, since some units are priced as low as $29.95. This
compares with $100 average price for U.S.-made aids. Recently published
figures indicate that between 300 and 360 thousand hearing aids were sold
here last year. Yet the Japanese, in planning their market strategy, estimate
that some 15,000,000 Americans have some hearing difficulty. Despite the
difference between current sales and this figure, it definitely looks like an
expanding market. Manufacturers of electronic components are particularly
interested in the trend toward the binaural eyeglass-type aid, since it uses
separate microphones, amplifiers and earphones for each ear and, therefore,
requires twice as many components as used by conventional-type aids.

UP 30 PER CENT. Shipments of electronic components jumped more than 30
per cent from 1958 to 1959 to reach a new all-time record. A Commerce De-
partment report spells out all the details, gives quantities and values by major
category, and breaks totals down into military and non-military use. If you’d
like a copy, write to the Commerce Department and ask for BD-60-64.

ELECTRONIC VOLLEYBALL. Ways of knocking out unfriendly ICBM’s without
shooting them down are being looked into with great interest by the Pentagon.
Among the more dramatic is a plan to supply missiles with extra energy at
the height of their flight in space and, thus, cause them to overshoot their
intended target by a very comfortable margin. Only a small amount of energy
would be needed. But the big problem is how to apply it. The whole problem
of anti-missile killing mechanisms of all kinds is coming in for more attention
these days. The Advanced Research Projects Agency is increasing funds for
this purpose to $9 million for 1961. It’s a wide-open field and it looks like any-
body and everybody is invited to participate.

NEW WAY TO SPARK. A major electronics firm in this country is developing
a revolutionary automobile system that would use microwave energy as the
igniting agent. In this system, a microwave pulser, wave guides and timing
pickup would replace the traditional ignition coil and condenser, distributor
and timing drive, high-voltage wires and spark plugs.

CABLEMAN'S CORNER. The old adage “Don’t put the cart before the horse”
was never so true as it is in these days of automation and instrumentation.
With all the intricate pieces of equipment being designed these days, it is
important that careful consideration be given to the wire and cable that may
be employed in any system. Often forgotten is the unromantic aspect of the
connecting links of the system. Cables are the arteries through which must
flow the power and informational pulses necessary for reliable performance.

Don’t take a chance on being able to obtain a cable that will fit into what
is left. Many times, important characteristics such as conductor size, insulat-
ing walls, protective sheaths, flexibility and flex-life have to be sacrificed. Don’t
sacrifice reliability in your cables for an existing space or connector fittings.

For 100%, reliability in multi-conductor cables, call on a cable specialist—
and call on him as soon as possible. Phone Rome 3000, or write: Rome Cable
Division of Alcoa, Dept. 1270, Rome, New York.

These news items represent a digest of information found in many of the publica-
tions and periodicals of the electronics industry or related industries. They appear
in brief here for easy and concentrated reading. Further information on each can

be found in the original source material. Sources will be forwarded on request. )
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Group Meetings

{ Contistued trom page 844)

San Francisco—November 24

“The Nervous Systemis Components
vs. Computer Components,” Panel: .\, S.
Hoagland, PPh.D., IBM; Dr. K. Killam,
Stanford Medical School; Dr. C. Rosen,
Stanford Rescarch Institute.

San Francisco—January 19

“The Micro-Instrumentation of Nerve
Cells,” Panel: Dr. R, Grant, Stanford
University; J. .\, Patterson, Palo Alo
Medical Rescarch Foundation: K. Gard-
er, Stanford Research Institute.

San Francisco—Febroary 24

“Lincar  Electron  Accelerator  and
Cancer Therapy (Electronic .\spects),”
Panel: M. A. Bagshaw, M.D., Stanford
Medical School and M. \Weissbluth, Ph.D.,
Stanford Medical School.

March 22

“Physiological Etfcets of Microwave
and Ultrasonies,” Panel: Dr. S, F. Thomas,
Palo Alto Medical Clinic; T, Jaski and
D. Lord, University of California.

San Francisco

San Francisco—April 19
“Studies on Use of Compnters in Med-
ical Practice and Research,” Panel: C. J.
Roach, MEDIC System Development
Corp.

CircUIT THEORY
Aprilt 19

“Synthesis of Group-Delay Functions
and Group-Delay Correction Networks,”
Dr. T. R. O'Meara, Hughes Aircraft Co.,
Culver City, Calif.

Los Angeles

COMMUNICATION SYSTEMS
Los Angeles—April 13

“\ Summer of Love in the Phase
Plane,”™ A\, Viterbi, Jet Propulsion Labs.,
Pasadena, Calif.

COMPONENT PARTS
Buffalo-Niagara—February 25

“Application of Tunnel Diode,” E.

Gottlieh, General Electrie Co.
March 29

STantalum  Capacitors,”  G.  laggi,
Fansteel Metallurgical Co., No. Chicago,
m.

Philadelphia

Los Angeles—April 11
“Envirommental Specs. for the ‘Abe’
Series of Space Vehicles,” S. C. Morrison,
Space Technology Labs.

ELECTRON DEVICES
Boston—A\pril 13

“Molecular Electronics,” ', Pitiman,
Westinghouse IXlectric Co.. Pittshurgh, Pa.

(Continied on puge 89:)
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@ Microwave Component News from SYLVANIA @

u n FERRITE CIRCULATORS AND ISOLATORS
l lm r In production at Sylvania are Tee circu-
lators and waveguide isolators in the 18
to 26 kilomegacycle range. Development

programs are under way for devices above
26 kmec.

n
MAGNETRONS DELIVERING UP TO
QVIces 100 KILOWATTS
Sylvania’s line of rugged Ka-band magne-

trons have output powers from 20 to 100
kw. K-band type M-4154 delivers 55 kw.
Samples are available of new, rugged
Ka-band type M-4218, weighing only 415

[ |
now aval a e pounds. Techniques are available for de-
velopment of types to 100 kilomegacycles.

NEW WAVEGUIDE WINDOWS AVAILABLE

Sylvania is now producing two new wave-
guide windows in K and Ka bands, with

n [ |
flanged mica windows:
Type WG-4224 18 to 26 KMC

Type WG-4223 26 to 40 KMC

SYLVANIA TR AND ATR TUBES
Sylvania-developed TR and ATR tubes

|
for Ka-band operation are available with
pro uc lnes power handling capability up to 100 kw.
IN THE DEVELOPMENTAL STAGE:

Sylvania has proved research and devel-
opment capability for O and M type
devices. One of the important projects
now programmed at Sylvania’s Bayside
Physics Laboratory is a harmonic gener-
ator in the 200 to 400 kmc range which
takes advantage of the non-linear con-
ductivity characteristics of Germanium.
And the Bayside labs are at work on the
SMALLER, LIGHTER Tornadotron, with which 0.1 MM will be

BACKWARD-WAVE OSCILLATOR reached; millimeter amplifiers are also in
Type BW-1757 delivers up to 15 mw from development.
26.5-41 kmc inga streamlined new pack- For further information write Sylvania
age. Also available are types fro,m 18 to Special Tube Operations, 500 Evelyn Ave.,
26.5 and 40 to .75 kmec. BWO’s above Mountain View, California, indicating the
75-100 kmc are in development. product lines in which you are interested.

SYLVANIA

Sutsiary of GENERAL TELEPHONE & FLECTRONICS
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SUPRAMICA" 560
ceramoplastic

‘\\
_—

\\\\N from the family of tl_le worl_d’s
\§ most nearly perfect insulation

ACTUAL SIZE
.010" WALL THICKNESS (TRANSLUCENT AREA)

~ helps to maintain

- peak gyro efficiency
:///% Leading gyro producers design parts made of precision-molded SUPRAMICA 560

== ceramoplastic, an exclusive formulation of MYcaLEx CORPORATION OF AMERICA
- capable of retaining absolute dimensional stability at a maximum temperature
endurance up to +932°F (unstressed) . . . in complex but lightweight designs.
-’___;__/ These small parts function as vital components of miniature gyros . . . critical
“____——-% applications where the highest standards for precision accuracy must be met.
:_*___—_—_// SUPRAMICA 560 ceramoplastic having the same thermal expansion coefficient
% of many insert metals, can tightly bond and permanently anchor gold leads,
— stainless steel contacts and stainless steel threaded inserts . . . in parts with wall

= :/ thicknesses of only .010”.

&\ﬁ % SUPRAMICA 560 ceramoplastic offers premium insulating properties with ex-

= ‘t\\s_':i:::::é cellent economy in production scale runs. SUPRAMICA 560 ceramoplastic is
%‘“\ — = :;/:ZZ but one of a family of versatile electrical and electronic insulating materials pro-
:\%‘_ = — = duced by MycaLEx CORPORATION OF AMERICA . . .
= e o MYCALEX® glass-bonded mica,
——————— maximum temperature endurance (unstressed)—up to -+700°F
——— —— heat distortion temperature * —up to +850°F
_———————————— o+ SUPRAMICA® ceramoplastic,

maximum temperature endurance (unstressed)—up to +1550°F
heat distortion temperature * —up to +1360°F

o SYNTHAMICA® synthetic mica,
maximum temperature endurance (unstressed)—up to -+2000°F
ASTM test method D 648 (modified) at stress of 264 psi.
Write for technical information today.

General Offices and Plant: 126 Clifton Bivd., Clifton, N. J,
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y.

ST

MYCALEX

CORPORATION OF AMERICA

World’s largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products
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& Protessional =
Group Meetings =

(Centinned from page 864)

New York-—December 3
“Tunnel Diodes,” Dr. 1. A, Lesk, Gen-
eral Electric Company, Syracuse, N. Y.

New York—February 25

“Microwave Power Generation by
Beam Plasma Interaction,” |. E. Hopson,
Sperry Gyroscope Co., Sunnyvale, Calif.

Washington, D. C.—>March 28

“Dendritic Ribbon Crystal Growth of
Semiconductors and Its Exploitations,”
Dr. R. L. Longini, Westinghouse Research
Labs., Pittsburgh, Pa.

LLECTRONTC COMPUTERS

Binghamton—>March 3t

“The Vanishing Computer,” C. F.
King, Space Technology Lab,, Los Angeles,
Calif.

Binghamton—April 18

“Tunnel Diodes,” Dr. L. A Lesk and
1. J. Suran, General Electrie Co., Syra-
cuse, N. Y.

April 13

“Switching Circnit Design Based on
Matrix Logie,” E. ]J. Schubert, Monitor
Systems, Inc.

Long Island

April 21

“Data Processing Equipment for Air
Traffic Control,”™ C. Lekven, Librascope,
Inc., Glendale, Calif.

Los Angeles:

Philadelphia — April 12

“Impact of New Solid State Devices on

Computer Svstems Design,™ L. Burus,
RCA Labs., Princeton, N. J.
Washington, DC—A\pril 21

“Computer  Applications  of  Tunnel
Diodes,” R. K. Lockhart, RC.\, Camden,
N. J.,and M. M. Kaufman, RCA\, Camden,
N.

INGINEERING MANAGEMENT
Boston—A\pril 14

“Weapons System Contracting,™ Dr.
1. Sterling Livingston, Harvard Business
School, Cambridge, Mass.

San Francisco —April 12, 1960

“Planning for an Expanding Organiza-
tion,” Dr. R. N, Noyee, Fairchild Semi-
conductor Corp., Mountain View, Calif.

INDUSTRIAL ELECTRONTICS
Cleveland—DXNlarceh 31

“Infrared  Sensors and Optical Sys-
tems,” Dro WL HL Havnie, Eastman Kodak

Co.

INFORMATION THEORY

Boston—December 14

“Frog \ision,” |. Letuinn and H.
Maturana, MIT, Lexington, Mass.

Boston—February 9

“A New Language for Algorithm Rep-
resentation,” K. Iverson, Harvard Univ,,
Cambridge, Mass.

April 26

“An Inductive Probability Criterion
for Receiving Systems,” L. S. Schwartz,
New York Univ. and Adelphi College.
New York, N. Y.

Los Angeles-

INSTRUMENTATION

Long Island—April 19

“Beam Observation and Control in the
Brookhaven Alternating Gradient Synchro-
tron,” K. C. Raka, Brookhaven XNatl.
I.abs.

Los Angeles—April 14

“Cross Sectional Pictures of Soft Tissue
in the Body by Ultrasound,™ Dr. Do 1L
Hoary, University of Colorado Medical
Center, Denver, Colo.

May 4

“Basics of Electronic Metal Detec-
tion,” 1. L. Eggleston, Jr., Goldak Co.,
[ne., Glendale, Calif.

[.os Angeles

Washington—2>Nay 9

“Nlicrowave Power Standards and
Comparison Techniques,” G. F. Engen,
Boulder Labs., NBS.

MicrowavE THEORY AND
TECHNIOUES
Albuguerque-Los - Alamos—IFebruary 23
“Measurement  Accuracy  Criteria—
30 Mec through 12.4 Kme,” B, O, Wein-
schel, Weinschel Engineering, Kensington,
Md.
Albuquerque-Los  Alamos—February 29
“Fngineering  Problems  Relative to
Fektronix 519, Design and Application,”
C. Monlton, Tektronix, Inec., Portland,
Ore.

Baltimore—April 6
“Microwave Optics,” Dr. R. C. Spen-
cer, The Martin Co., Baltimore, Md.
Los Angeles—April 14
“Magnetic Domains,” Dr. M. Weiss,
Hughes Aircraft Co., Los Angeles, Calif.
Washington—>May 10

“Infrared  Theory and Techniques,”
R. Grove, The Martin Co., Baltimore.

MILITARY ELECTRONICS

Boston—O«¢tober 8

“Reliability Management,™ M. M. Tall,
RCA.

(Centinned on page 904)

a
tradition

m
voltage
regulated
de
power
supplies

the
standard
for the
“state
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art”
for over
14 years

More than
120 standard
active models

transistorized

vacuum tube

*

magnetic

For complete
specifications

send for
Catalog B-601.

keeco‘

131-42 SANFORD AVENUE
FLUSHING 55, N. Y.
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@ Coves the endlhe
D5L160AYMC

The use of permanent
magnet focused tubes

in Menlo Park
Engineering’s microwave

amplifiers represents a significant
improvement over units using
.and

solenoid focused tubes. .
results in three important
advantages:

o Lighter weight

® More Compact

® Less power consumption

MENLO PARK ENGINEERING

DAvenport 6-9080

711 Hamilton Avenve

ANYWHERE
IN THE
NATION

ELECTROLYTIC

PAPER TUBULAR
CONDENSERS

"35 YEARS OF PROVEN
DEPENDABILITY*

COSMIC CONDENSER CO.

853 WHITTIER STREET, BRONX, N. Y
LUdlow 9-3360

90A

Menlo Park, Calif

TWT AMPLIFIERS ....
freguensy band from

— i
m Model No.
0.5- 1.0KMC TA-36
1.0- 2.0KMC  TA-31
2.0- 4.0KMC TA-29
4.0- 8.0KMC TA-28
8.2-11.0 KMC  TA-20
10.0-16.0 KMC  TA-49
PLEASE WRITE FOR

COMPLETE
SPECIFICATIONS

g
iy

Proven, Dependable, Rear-Projection Type

1N

A Model and Size for
Your Every Requirement

DIGITAL
DISPLAYS

-

Series 80000

Series 10000
Series 120000
OUTSTANDING FEATURES

e All digits displayed on
front viewing screen

® All digits uniform in size
and intensity

® High-contrast viewing screen
e Digit style of your choice
e Colored digits of your choice

e individual units may be
group assembled for panel
mounting

WRITE TODAY FOR

COMPLETE SPECIFICATIONS

Representatives in principal cities

Quantity Prices

PRICES
Series 10000
194" wide

$18.00 each

Series 80000
314" wide
514~ high

11'%,,” long

$33.00 each

Series 120000
17 wide
1% high
378" long
$35.00 each

On Request

INDUSTRIAL ELECTRONIC ENGINEERS, Inc.

5528 Vineland Avenue,
North Hollywood, Calif.
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Group Meetmgs

(Continued m page 80.-1)
Boston—\pril 21
“Design Reviews, " all day session.
Boston—MNay 3
“Air - Collision  Avoidance,”  Panel
F. M. McDermott, \ir Traffic Control;

J. N Weber, Federal Miation
I. Lederer, Civil Acronantics; H. 1
Airline Pilots Association,

Ageney;
Walls,

March 3t

“Aspects of Flight Simulation,” Nr.
Mcllinay, McDonnell Aireraft Corp., St.
Louts, Mo.

Indianapolis

March 1

“Communications via Satellites” Dr.
W. La Berge, Philco Western Develop-
ment Labs,, Palo Alto, Calif.

Long Island

Long Eskand - April 26

“Rescarch Problems in Undersea War-
fare,” F. A Parker, Ass't. Dir. of Defense,
Research and Engincering for Undersea
Warfare.

L.os Angeles—March 23

“Thermonuctear War—What the En-
gineer Should Know,™ TL Kahn, Rand
Corp., Santa Monica, Calif.

Northwest Florida-—Narch 29

Application of Digital
Griffen,  Norden  Div.,
Milford, Conn.

“Theory and
lincoders,™ 1.
United Aircraft Corp.,

Philadelphia—XNlarch 15

“The Military Field Use of Digital
Systems and Human Factors Considera-
tions,” Capt. W. Leubert, Signal Corps.
Ft. Monmouth, N. ], and Dr. Lucier.
Univ. of Pennsylvania, Philadelphia

Philadelphia——\pril 26

“The Nature of USAF Command and
Control Systems,” W | Sen, Wright-DPat-
terson AFFB, Ohio.

NUCLEAR SCIENCE

Ouk Ridge-—April 21

“Transistor
Bell™ 1. N,
Tel & I'el Co.,

Application at Southern
Howell, Jr., Southern Bell
Knoxville, Tenn

PropuetioN TrecuNioues

Boston  April 20
“Work Simplitication,” 1.
Jro MIT, Lexington, Mass.

Schreiber,

{Crntonned on page 92:4)

July, 1960



“MEG-A-LIFE”
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electrical tests

mechanical tests

shock tests

centrifuge tests

vibration tests

humidity tests

storage life tests

Motorola “MEG-A-LIFE” program extended

NOW

CERTIFIED
RELIABILITY

FOR INDUSTRIAL
POWER
TRANSISTORS

46 types in 3 current ranges
provide military reliability
for industrial applications

Now you can have the same assurance of reliability for
your critical industrial power transistor applications
as you do when using military-approved types for
military applications. Motorola, in its “Meg-A-Life”
quality assurance program (with written certification)
now offers 46 “military-quality” industrial power tran-
sistors in three current ratings with voltages of 40 to
100 and betas to 150.

When you use Motorola “Meg-A-Life” industrial
power transistors, you can be sure they have success-
fully passed electrical. mechanical and environmental
tests (including shock, centrifuge, vibration, humidity
and temperature tests) and 1000-hour storage life tests
at 100°C in accordance with MIL-S-19500. You can
be sure because written certification of compliance to
“Meg-A-Life” reliability requirements is available to
you. Only Motorola offers such documentation of
quality. Approved “Meg-A-Life’ units are stored and
shipped to you from a bonded area.

Since all tests represent the most adverse conditions
for which these devices are designed. Motorola’s “Meg-
A-Life” program provides you with an assurance of
reliability not previously available in industrial units.

FOR COMPLETE “MEG-A-LIFE” BROCHURE and specifica-
tion sheets on new Motorola “Meg-A-Life” power
transistors. contact your Motorola district office :

BOSTON 385 Concord Ave., Belmont 78, Mass. . ... .... Ce e eenieenes Yanhoe 4-5070
CHICAGO 39, 5234 West Diversey Avenuve .............. ceiiiiiue.. . AVenue 2-4300
DEYROIT 27, 1313) Lyndon Avenue ... .......o.ovivuiniinannnnnians 8Roadway 3-7171
LOS ANGELES 1741 Ivar Avenue, Hollywood 28, C .. .HOllywood 2-0821
MINNEAPOLIS 27, 7731 6th Avenue North . . ceeaaen tiberty 5-2198
NEW YORK 1051 Bloomfield Ave., Clifton, N.J . .GRegory 2-5300

from New York ... . AR ... Wlsconsin 7-2980
SAN FRANCISCO 1299 Bayshore Highway, Burlingame, Calif. .. ........... Dlamond 2-3228
SYRACUSE 101 South Salina ... . ... .. .. e GRanite 4-3321
WASHINGTON 8605 Cameron St., Silver Spring, Md. ...................... JUniper 5-4485

MOTOROLA

Semiconductor Products Inc.

A SUBSIDIARY OF MOTOROLA. INC

91A
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INSTANT
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\

of Voltage Tolerance with
NLS Series 50 Comparators

NEED TO DETERMINE IF INPUT
VOLTAGES ARE WITHIN PRESET
LIMITS? Within 90 milliseconds,
NLS transistorized voltage compar-
ators indicate voltage tolerance
through colored bulbs. . . and trans-
mit g0/no-go commands to electri-
cal control and warning systems.
Here are complete voltage compari-
son systems in single, compact
packages — ready to use in a wide
range of applications in automatic
go/no-go testing, decision making,
and automatic control. Model 50 is
for manual limit setting—Model 51
for applications where limits are
already in analog voltage form. Also
available are Programmed Compar-
ators for remote control of limits in
automatic systems. Write NLS.

MODEL 50 SPECIFICATIONS: Ranges:
+9.999/+99.99/+999.9 volts . .. =0.01%
accuracy easily checked against external stand-
ard cells . . . 10 megohms input impedance . . .
threshold sensitivity: =+0.005% of full scale,
each range . . . indicating speed: 90 millisec-
onds . .. 3%2” high by 154" deep for 19" rack.

Originator of the Digital Voltmeter

non-linear systems, inc.

DEL MAR (SAN DIEGO), CALIFORNIA
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Group Meetings
(Continued from puge 9:4)

Rabio FrEQUENCY
INTERFERENCE
Washington—A\pril 19
“Measurement of  Radio Frequencey
Spectrum - Characteristics of  Electronic
Equipments,” L. W. Thomas, Bureau of
Ships, USN.
RELIABILITY AND QUALITY
CoNTROL.
Boston—October 8
“Reliability Management,™ M. M.
Tall, RCAL
Boston—December 10
“Component Part Reliabitity,™ M. P,
Feverherm, RCA.
Boston—\pril 21

“Design - Reviews,"™—all dayv  session
<. Dertinger, Ravtheon Mfg. Co.: Capt.
H. Bernstein, EIA; 1. Wuerffel, RCA:
W. Saunders, Sylvania Electric Corp.; D.
Simonton, RCA; E. Bersinger. Admiral
Corp.

Florida West Coast—\pril 28
“An Approach to Reliability Develop-
ment Methology.” . Chamberlain, Boeing
Airplane Co., Seattle, Wash.
Los Angeles—February 13

“Agree Task Force Three Test of
Talcan  Equipment,” Dr. A Romig,
Hoffiman Labs.

Metropolitan New York—March 13

“Availability,™ S, R, Calabro, Inter-
natl. Electric Corp.

Metropolitan New York—January 23

“Comipany Organization for Reliabil-
ity Effectiveness,”™ C. M. Ryverson, RCA;
“Company Organization for Reliability
Effectiveness,” . [J. Masser, General
Electric Company.

Philadelphia—\pril 12

“Nalue Iingineering,”™ S.
RC.\, Moorestown, N, |.

“The Relationship between the QC
and the Reliability Organizations,” W, ].
Bonner, General Electric, Philadelphia, Pa.

“Testing to Demonstrate Compliance
with a Reliability Specitication,” M. |.
Mozenter, Teledvnamics Div., American
Bosch Arma, Philadelphia, Pa.

Robinson,

San Franeisco——\pril 19

“Transistor  Reliability,™ J. Hilman,

Fairchild Semiconductor Corp.

SPACE FLECTRONICS AND
TELEMETRY
Central Florida—A\pril 28

“A Conceptional Hybrid Telemetry
System—PACM," Dr. M. G. Pawley,
Naval Ordnance Lab., Corona, Calif.

March 23

Three movies were shown—*Man and
the Moon,”™ “Man in Space,” and “The
Biography of a Missile.”

Detroit

VEICULAR COMMUNICATIONS
April 27

“Selective Signalling Techniques,” O,
Thomps=on, Secode Corp., San Francisco,

Calif.

Detrott

\pril 21

“Integrated  Radio  Traffic  Control
Svstem.” C. J. Sehultz, Motorola, Ine.

Los Angeles

A

Section
Meetings

ARRON

“Maser< -Some Problems and Advantages.”
R. H. Kingston, Lincoln Labs., Section Executive
Comm. Meeting. 2 16 60.

“Fundamental Principles of Numerical Con-
trol,” [T\, Mergler, Case Inst. of Technology, .An-
nual Joint Cleveland-Akron  Section Meeting
Nomination of officers. 4 21 /60.

ALAMOGORDO-HOLLOMAN

“Meteor Burst Influence on 15 me  Signal,”
EL. T. Castillo, Aero Med, Lab. 4 18 '60.

“Analog and Digital Computer Equipment,”
C. L. Johnson, AFMDC. 5 16 /60.

ALBUQUERQUE-LOS ALAMOS

“IRES and Its Role in Medical Electronics,”
Dr R. L. McFarlan, President of the TR, 3718 /60.

SR SR R

“Aspects of the Ntomic Energy Program,”
C, P. Anderson, US Senator from N. M., Election of
Officers. 511, 60.

ANCHORAGE

“Semiconductor Physical Structures and Cir-
cuit Applications.”™ R, P, Merritt, Univ. of \laska.
4 4 60,

NTLANTA

“The Development of an Instrument Product

Line,” G. P. Robinson, Scientific-Atlanta. 4/20 60,
Bay o QuiNTE

“Nuclear Power Developments,™ L. G. McCon-

nell, Hydro Illec. Power Comm. of Ont. 4 /20 /60,
BEACMONT-PORT ARTHUR
“Essentials of Stereo Records,” G. W, Saylor

(Continned on page 944)
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HOW TO GENERATE 100-ma PULSES AT 10 me

— —

vin ot—fl/:_\,_\i
LSRR e at] =
n B
0

1 Megacycle
VERT.—5v ‘cm
HORIZ.—.2 usec /ecm
Ta—25°C

1
|
|
!

ACTUAL SIZE
L

MESA TRANSISTORS

See how these performance - proved character-
istics apply to your high-current, high-speed
switching circuits...

High-current loads — Switch 100 ma at 10-mc
rates using TI 2N730 and 2N731 transistors
(see applications circuit) e Fast switching —
Note 20 millimicrosecond rise and fall times on

the waveforms illustrated e Size and weight — Save both
size and weight with the subminiature TO-18 packaging of
the TI 2N730 and 2N731 ‘mesas’ e Disstpation — Get a full
500 mw (T,=25°C) or 1.5w (T:=25"C) with beta spreads
of 20-60 (2N730) and 40-120 (2N731) e Reliability —
TI Quality Assurance guarantees you performance to
specifications e Applications — Use the TI 2N730 and 2N731
guaranteed performance in your digital computer clock pulse
generators and similar high-load, high-speed, high-reliability
circuits. Check these specifications:

[~ ] L" ]
vin o%._: ,{\)\&;___ A= 5 Megacycles
va TN TZ HoRiz—50 my
4 43 4\ ] —Ium
vo %_ N ARAVE j Tamgg mesee/em
0 — L L
Vin OE%Q% 10 Megacycles
— ,-~,T_L - VERT.—5v ‘cm
vo o AN \ HORIZ.—20 musec /cm
7 T 7 Ta~25C
[ .
. slectrical characteristics at 25°C ambient (unless otherwise noted)
PARAMETER TEST CONDITIONS
IcBO Collector Reverse Current Vep=30v lg=0
Ic80 Collector Reverse Current at 150°C  Vpg=30v 1g=0
BV¢cBO Collector-Base Breakdown Voltage Ig=100ua lg=0
BVCER Collector-Emitter Breakdown Voltage Icgr=100ma
RBg =10 ohms
B8VgBo Emitter-Base Breakdown Voltage Ig=100 ua Ig=0
hfg DC Forward Current Transfer Ratio lg=150ma  Vgg=10v
Vge(sat)  Base-Emitter Voltage I¢=150ma Ig=15ma
Vce(sat)  Collector-Emitter Saturation Voitage ¢ =150ma ig=15ma
hte AC Common Emitter Forward g =50ma Veg=10v
Current Transfer Ratio f=20mc
Cob Common-Base Qutput Capacitance lg=0 Veg=10v
f=1mc
*Pulse conditions: Length = 300,.s duty cycle < 2%

2N730 2NT81
min  max min max
- 1.0 - 1.0
- 100 - 100
60 - 60 -
40 - 40 -

) - ) -
20 60 40 120
- 13 - 1.3
- 15 - 1.5

20 - 2.5
- 35 - 35

e . . e 20 o . et ot . 2 e e 2 e e e e G o e S B e P o e e = e ke o ]

unit

“: Collector-BaseVoltage. . . « + o « o « o ¢ ¢ o s « =« 60v

,‘,‘ Collector-Emitter Voltage. . . + + « o ¢ o o o « « « . A0v

v Emitter-Base Voltage . . . . . « « &« ¢ « ¢ . . . 0. . Sv

v Total Device Dissipation . . . . . . . . . . . . « .. 0.5w
Total Device Dissipation at Case Temperature 25°C. . . . . . 1.5w

: Storage Temperature Range. . . . . . . .. —65°C to +175°C

uut

CALL YOUR TI SALES OFFICE OR LOCAL AUTHORIZED T! DISTRIBUTOR
FOR PRICE, DELIVERY AND COMPLETE TECHNICAL DATA.

} the FIRST silicon transistor manufacturer

[CF ===t S5 4]

TEXAS

World Radio Histo

| INSTRUMENTS

INCORPORATED
\\ ~ SEMICONDUCTOR-COMPONENTS DIVISION
13500 N. CENTRAL EXPRESSWAY

POST OFFICE BOX 312 « DALLAS, TEXAS



Fast Frequency Sweeping
Voltage Tunable

® Wide frequency range
® Frequency adjusted by varying helix voltage

® Designed for tuning in a general voltage range
of 300 to 3000 V.

Frequency (KMC)

5112 | 24 13757 48 111 82124 1218
1 mw HO-18 HO-3  HO-13 HO-17 HO-14 HO-19
10mw | HO-5 | HO-9 HO-1  HO-20 HO-21 HO-2 | HO4

Power specified is minimum over frequency range . .
generally power much higher

UGGI Ns LABORATORIES, INC.

.. = - - 2
manvfacture “PFR== = o=

development -bs»//__é' -n b . — 7 % BRS
enqineering helasincuaniert /] E W o

desiqn
research

Q\é,” 999 East Arques Avenue - Sunnyvale, California

0
AB o™ REgent 6-9330

i ﬁ Section
| 4 Meetings
(Continted from page 924)

Philco Corp., Deinonstration of modern stereo
equipment. 12/15/§9.

“Present Status and Future Developmental
Trends in Transistors and other Semi-Conductor
Devices,” M. . Jones, Texas Instruments. Joint
Student-Section meeting. 1,26 /60.

“kExploration Geophysics, Seismograph Instru-
mentation,” A. C. Winterhalder, Sun Oil Co..
“Exploration Geophysics, Gravity,” George McCal
pin, Sun Oil Co. 2/18/60.

“Electronic  Control for Color Processing,”
Roy Gibbs, Majestic Photo.. Tour of Majestic
Photo Color Processing Plant. 3,29, 60,

“Single Sideband Theory and Application, and
Mechanical Filters for Transmitters and Receivers,”
JI. F. Beckerich, Collins Radio Co., “Citizen’s Band
Radio™ (Technical Brief), 15. D. Coburn, Federal
Communications Commission. 426 60.

BENELUX

“The Layers of the lonosphere,” J. A, Rat
cliffe, Vice-Pres. of the IRE. 4 25 00,

BINGHAMTON

“Parametric  Ampliners:  Historical  Back
ground,” \W. W, Mumford, Bell Tdlephone Labs;
“Paratuetric Amplificrs: Recent Resalts with T.AV,
Ampliners,” R. 8. Engelbrecht, Bell Telephone
Labs. 414 o0,

Bosjox

“l'mh-rseu.I'prlor:llion\." I1. E. Ildgerton
Presentation of awards to new Fellows. 3714 00,

“Air Collision Avoidance,” -Panel Discussion:
B. S. Kelsey, Maodetator, F. M. McBDermott, \ir
Traffic Control Assoc. 1.\ Weber, Federal Avia-
tion Ageicy. lerome Ledeter, Civil Aeronautics,
H. E. Walls, Fuginecrmg and Safety Dept., Air
Line Pilots Assoc. Llection of Section officers

'5 60,
CuNtRAL FLORIDA

“Ttuman FErrors and Accidents in Missile Op
erations,” J. ). Rosa, U.S. Air Foree, 4 21 60.

CLEVELAND

“Fundamental Principles of Numerical Con
trol,” H. W. Mergler, Case Inst. ol Technology.
Executive Board Meeting. 4,21 /60.

“The IRE and Its Role in Medical Electronics,”
Dr. R. L.. McFarlan, President of the IRE. Execu-
tive Comnm, Meeting. 5 6 /00,

CoLumpts

“Micro-electronics,” E. B. Richter. USAF,
Molecular Electronics Branch. 421 /60.

“The Use of Microwaves for Power,” Dr. R. L.
McFarlan, President of the IRE. Presentation of
Student Award. 5/4 /600,

DaLLas

“Wireless Transmission of Microwave Power
to Muaintain a High Platform,”™ Dr. R. L. McFar-
lan, President of the TRIZ 4,26 /60.

“Radio Tratfic Control for Vehicles,” Charles
Willyard, Motorola. 5,17 /60.

DETROIT

“The Evolution of the Klystron,” Maurice
Chodorow, Stuntord Univ., Joint Meeting with
Henry Ford Museum. 4/15/60.

ERIE

Electronivs in Brewing Industry and Plant
Tour. 11/17 59,

Panel Discussion Trends in Communications,
Robert Gray—D>Moderator, Erie Resistor Corp.
11/24/59.

Tour of Station WICU-TV. 4 20, 60.

(Continued on page 98:1)
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G Ry The EI Model 800 True Rms Digital Voltmeter

DIGITAL VOLTMETER

This revolutionary instrument incorporates a unique temperature stabilized diode

network, operating on the square law principle, to vield a true rms voltage reading,

regardless of the AC wave form or DC. No hot wire clements of any kind are used.

o All-electronic, totally-transistorized
e 0.19%, accuracy for crest factors up to two

e 0.19%, response from 50 cps through 5KC
and at DC

e Higher frequency response (at least
10KC) at reduced accuracy and for certain
waveforms

e 3 second balance time, typical

e Calibration accuracy held for minimum
of 30 days—typically much longer

e Automatic ranging

Ask your nearest ET
sales office or representative for
complete information today!

Accuracy:

Range:

Balance time:
Temperature:
Power:

Dimensions:

SPECIFICATIONS

Within the range and frequency capability of the instrument,
RMS value of crest factor not exceeding two will be indicated
to +0.19, of reading or two digits, whichever is greater.

The instrument accurately accounts for:

Harmonic components 50 cps to 5KC  0.19; or 2 digits
Sinusoidal response 50 cps to 5KC  0.19%, or 2 digits
Square wave 50 cps to 1KC  0.19% or 2 digits
Triangular wave 50 cps to 1IKC 0.19% or 2 digits

DC (no polarity sense)
Accuracy maintained 30 days without calibration adjustment.
Above accuracies after 45 min. warm-up time.

Automatic ranging. 1 volt to 999.9 volts with manually
selected 0.1 volt to 1 volt range.

Typically less than 3 seconds. Maximum 5 seconds per range.
0° to 50°C.

60 cps, single phase, 125 watts

19" wide x 834" high x 20" deep.

PROCEEDINGS OF THE IRE July, 1960

Engineers: Many challenging positions are now
open. For details contact Mr. Carl Sebelius.

E 3540 AERO COURT
SAN DIEGO 11, CALIF,

95A



General Electric takes the tubulation




General Electric transistors hold the record in rate-

Cd

e ] I
grown reliability :ik_i_ I P —’_-—_1
General Electric has manufactured millions of rate-grown 13 f——— — 1
transistors in the past seven years. As a result of this L2 l —
experience, G.E.’s parameters arc exceptionally stable and = o' ] T _'l
a vast amount of reliability data has been accumulated, ='° TRANSISTOR TYPE 2NI67 —
some of which is shown here. These curves cover 29 lots 3 : | | InTERMITTENT PERATING LIFE TEST _ _j
ic 2 -T- g | = . . 25¢
of General Electric 2N 167, tested to MIL-T-19500/11. :g;_ - <-I:i_::‘u_@E:‘éRQVMEIAES_U::D‘:_ILDOE‘;‘::O'K:‘T;A j
16 — 5 f——t+— FAILURE RATE 0.25%/I000 HRS ———
\ TRANSISTOR TYPE 2NI67 ' - 4l t -
B INTERMITTENT OPERATING LIFE TEST 2 ]
BT 72MW ® V. * 9V lg= BMA 1+25°C. 2
& PARAMETER MEASURED: heg @ VeIV T=8MA ] B
" I 250" 1000 10000 20000
8 Lo FAILURE RATE 025 % /1000 HRS TIME IN HOURS
~ 9 —
'é" ° X The rate-grown process produces a small, clean junction
2 :_‘ which exhibits almost no drift or deterioration at high
& - voltages and offers the user low e, and Iy, Two new
“ types, the 2N1510 and 2N1217, will be useful for low-
3 level switch and neon indicator applications. Both the
2 — 2N1217 and 2N167 operate at extremely low current
A and leakage lcvels, making them ideal for starvation
ot o0 5050 w000 Circuits of 2 ma or less.
TIME IN HOURS
°
off rate-grown NPN transistors!
Remove the tubulation (pinch-off) from rate-grown transistors without
sacrificing reliability? General Electric has done just that and even
improved reliability with stabilized beta and collector cutoff current.
Prices have been reduced on some types up to 20%.
Removal of the tubulation was made possible by adding a sieve or
getter. Improved beta and collector cutoff current results from a 125-
hour 85°C bake, which also improves the paint’s resistance to solvents
and chipping. Pellet, pellet mount and processing are identical to the
previous process before encapsulation. Then a sieve is added rather than
evacuation and subsequent pinch-off. The sieve is the same used and
proved for years on G.E.’s PNP low-frequency 2N525 and PNP high-
frequency 2N396 lines.
The high-reliability 2N78A and 2N167A have guaranteed 71°C
Ico and tight AQL’s. The 2N78A also features a 20 volt BVceo rating
compared with the 2N78's 15 volts. The 2N167A, in addition to 71°C
I, has a lower lio. For more information, see your G-E Semiconductor
Sales Representative or Authorized Distributor. General Electric Com-
pany, Semiconductor Products Dept., Electronics Park, Syracuse, N. Y.
Moximum Ratings Electrical Parameters
ADVANTAGES TO YOU: 40% lower UL | B |tema | T M e || ] 18 Ve
height e Reduced prices o Stabilized (na)
lco and he:. All units baked 125 hours ;“;g‘\ 22 '23 "2’% 32 ﬁg : 2 % ?, ‘.2
at 85°C e Greater resistance of paint b (Cert) e £ R & 7 H 3 S H
to salvents, chipping, and salt spray | 1A, s |2z |5| s [§]z15]%
e Improved low-temperature per- (per MIL-5-19500/11)
- 2N169A 65 15 [ 20 [ 85 | 34 1 - || s 15
formance and reliability. 2N1198 65 25 75 85 17 8 5 - 1.5 15
2N1217 65 20 | 20 | 85 | 40 2 5 — |15 ] s
2N1510 75 75 | 20 | 85 8 1 - | - 5 | 75
IN STOCK FOR FAST DELIVERY FROM YOUR AUTHORIZED GENERAL ELECTRIC DISTRIBUTOR
PROCEEDINGS OF THE IRE July, 1960 97A



Resistance
up to
100 Million

(1 x 10"

MEGOHMS !

High Voltage Resistors

From a miniature 4 watt
resistor, rated at 250 volts,
to the 100 watt resistor,
rated up to 125 KV.
Tapped resistors and matched
pairs also available. Low
temperature and voltage
coefficients.

Few can match—and none

can exceed—the stability
and performance of rpc
HIGH VOLTAGE RESISTORS!
Ask anybody who uses them.

Tolerance—15% standard.
10%, 5% and 3% available.
2% in matched pairs.

Further information or
engineering assistance
gladly supplied.

RESISTANCE
PRODUCTS
COMPANY

914 S. 13th St., Harrisburg, Pa.

98A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Section
Meetings

FAvANSVILLE-OWENSBORO

The Converzion of Heut to Llectricity by the
Emission.” ). K. Be
G.E. Research Lab. 4/20 o0,
Science in Space,” R. W, TPorter, G.E. Co
Election of Officers. 5 18/60.

Froripa WesT Coast

ity and Dia-gravity,” Charles Benfield
Honeywell Inertial Guidance Center, 4 20 60

ForT Huaciica

scussion Electron netic Envi
mental Test Facility at Fort Ilnachuca, I, lHomsy,
USALPG, R, Gramling, PanAm, and ], L.. Dunn,
Bell Aircraft. 4,25/60.

Fort WorTH

“Wireless Transmission of AMicrowave Power
to Maintain a Iigh Platforn,” Dr. R, L. McFar
lan, President of the IRE, 126 60,

GAINESVILL
“The Magnetic Field of Knotted Toroidal

Inductor.” John Kronshein, § 11 60

fLainion

“The uul Radio Tec Mt
t IR, FOIL R, P ete, P
Electronies Led. -ction of Officers 1 25 60

VERSATIL

rese

ITr"~N1svILL

Current Probleni= in Intrared Phy<ics & Tect
nology.” S 8. Ballard, Univ. of Florida. 1 29 60

I'he Radiation Belt,”™ J. A0 Van Alen, State
Univ, of Towa. 5§72 60,

ITHaca

“Thermoelectricity,” .\. C. Sheckler, Carrier
Corp. 1 7 o0,
Kaxsas Crry

“Tl [ Mate in Kngineering,
N. M. Basharz it Neb.; Presentation of
Student Award; Electi QOrficers, 5§ 9 60

Las V'rraas

Organirzational Meceeting. 2 16 60.

Orgamzational Meeting, Election oi Ofhcer
3/15/60.

“Use of Microwave Power to Support 1
Altitude Platform,” D1, R, L. MeFarlan, President
of the IRE. 1 15 60,

LiTTLE ROCK
“Single Side Band Exciter Circuit nga New

Beamn Deflection Tube,” H, €. Vance,
5 6 60,
Loxpox (Canad
“The Problems of Manning Space Vehioles
R. ACS 3 Inet. of Aviation Med
4 12 00,
“The R.C.\. Canadian Video Tape Recorde

Philip ( an, Station C.EPIL-TV. 5 10 o0
Loxg Istasp
“Matter and Anti-Matter,” € IFalk. Brook
haven Nat. Labs.; Movie: IHigh Fuergy Par

Accelerators": Llection of Ot t 12 60

“ASTRON fligh Cuarrent  Eleetrot \cce
erator,” Nicholas Christofilos, Univ, of Calif. Rad

wion La

5:3 60,

CAPABILITY ... measures a-¢c,d-c
or pulse signals from 1 mv to 10 v.

STABILITY ... from temperature
compensated cascaded zener diodes.

ACCURACY ... 0.1% fs. Chopper
mounts at oscilloscope input.

CONVENIENCE...calibrator slips
into instrument slot of scope dolly.

Model 1082 Precision Voltage-
Current Calibrator . . . immediately
available. Write for Bulletin 60-C.

engineering, inc.

731 ARCH ST,, PHILADELPHIA 6

MAGNETIC CORE TESTERS <« HIGH SPEED MEMORIES <« LOGIC CIRCUIT PLUG-INS
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Glass-to-Metal Seals for the Space Age...

MULTI-LEAD HEADERS
Q CONDENSER SEALS
INDIVIDUAL TERMINALS

Versatile in Design — Dependable in Performance!

Patented in Canada, No. 523,390; e
in United Kingdom, No. 734,583;
licensed in U.S.under No. 2561520

PROCEEDINGS OF THE IRE

Specify the seals employed by leading manu-
facturers for complete reliability in vital
space age programs and critical commercial
equipment. E-I hermetically sealed termina-
tions and custom sealed components have
proven their ability to withstand the extreme
environments encountered in today’s most

critical applications. In addition to their
demonstrated dependability in all types of
commercial and military service, E-I offers
engineers widest possible design flexibility
...a complete line of standard seals, design
service on “specials”. .. and custom sealing
of assemblies of your own manufacture.

Write for Complete Information —
on standard seals, special types or custom
sealing service including miniature closures

July, 1960

and color-coded terminals ... or ask E-I
engineers for recommendations on your spec-
ific sealing requirements,

ELECTRICAL INDUSTRIES

< MURRAY HILL, NEW JERSEY, U.S.A.
A Division of Philips Electronics & Pharmaceutical Industries Corp,



FIRST
SILICON MESA
IN THE

TO-36 CASE
BROADENS
THE
COVERAGE
OF THIS
COORDINATED
SILICON LINE

<&

I.
Similar to

JEDEC
TO-3 Case

2N1487
2N1488
2N1489
2N1490

"

JEDEC
TO-8 Case

2N1483
2N1484
2N1485
2N1486

JEDEC
TO-5 Case

2N1479
2N1480
2N1481

2N1482

I
3
RCA Announces Four New

Silicon Mesa Power Transistors
in the Popular TO-36 Case

Available immediately in quantity...four new NPN Diffused-Junction Types...
2N1511, 2N1512, 2N1513, 2N1514 ¢ electrically equivalent to 2N1487, 1488, 1489, 1490
respectively e utilize the industry-preferred JEDEC TO-36 single ended stud package
with cold-weld seal ¢ Designed for a wide variety of military and industrial applications

With RCA’s new Si.licon Mesa Powe.r Transistors in the JEDEC ELECTRICAL CHARAGTERISTICS
TO-36 case, you gain all of these design advantages:

Minimum and Maximum Values at Case Temperature=25°C

P . . 1 [ | [ Max [Max_ Bissipation!
More positive heat sink contact and excellent high-temperature ReA | Min. | Min | Max. | Max | gyupation Watls

et ot Veex Veeo'| le | leso - hee
performance up to 175°C plus the greater application flexibility | 7™ jvlis) ol amp) a7 | Resptanee

(volts)| (volts)| amp)|  (ua) | 25 c{100°C
of JEDEC TO-36 stud mounted case. I T T | [vomslcmrsem|icmrsom| |

ohms | Case Case
‘ 2N1514| 100 25 067 2575

low saturation-resistance characteristics with high collector-  |ansiz e 2 067 575
M1512| 100 200 | 1050

current and voltage ratings. 51| 60 200 | 1050
. . . . oR q 9 0 . | 1= v —JI— *’
Wider application in military and industrial equipment—inpower | 1 o a0 le=1samo cz;,s5
2
2N1487

T

087 | 2575
2N1488| 100 | 25 200 | 1050
60 B | 20 1050

— +—

switching circuits, oscillator, regulator and pulse-amplifier N1489| 60 2 !
circuits.

The dependability of the cold-weld scal, proved by RCA through
years of experience.

Coordinated line of 16 RCA Silicon Power Transistors. Thesc
tour new RCA transistors together with the 12 RCA Silicon
Power Transistors shown in the accompanying table provide the
designer of Industrial and Military equipment with a compre-
hensive selection of types to fit his specific needs.

Ver =304 I =075 ama|lC=0.75 omp
2N1486| 100 | 55 15 1.00 35-100
2N1485| 60 | 40 15 1.00
2N1484| 100 | 55 15 267
2N1483 60 | 40 3 15 Z 67

il EEASS SERRA SN S
| |Ves=30v lc ozmn Ic=020ms |
2N1482| 100 | 55 10 35-100
35-100

7
7
7 | 1575 l
7 1575 4
— ) ——

*sustaining volts

Call your RCA representative today for complete information. For additional technical data write to RCA Semi-
conductor and Materials Division. Commercial Enginecring, Section G-35-NN, Somerville, N. J.

RCA SEMICONDUCTOR AND MATERIALS DIVISION SALES OFFICES
EAST: 744 Brood Street, Nework 2, N. J.,, HUmboldt 5.3900 * NORTHEAST: 64 A" Street, Needhom Heights 94, Moss., Hlllcrest 4.7200 - EAST CENTRAL:
714 New Center Bldg., Detroit 2, Mich., TRinity 5-5600 + CENTRAL: Suite 1154, Merchondise Mort Plozo, Chicogo 54, Ill., WHiteholl 4-2900 * WEST: 6355 E.
Woshington Bivd., Los Angeles 22, Colif., RAymond 3-8361 - SOUTHWEST: 7905 Empire Freewoy, Dollos 7, Texos, Fleetwood 7-8167 - GOV‘T: 224 N. Wilkinson St.,
Doyton 2, Ohio, BAldwin 6.2366; 1725 “K“ Street, N.W., Woshington 6, D.C., FEderol 7.8500 AVAILABLE, TOO, THR_OUGH YOUR RCA DISTRIBUTOR

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA
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Poles and Zeros

PGAP-SOET: The Profes-
sional Group on Antennas and
Propagation has performed a
valuable service by publishing
the papers presented at the Symposium On Elcectromagnetic
Theory. The Symposium was held at Toronto, Canada in
June, 1959, e dealt with problems of diffraction and scatter-
ing theory, radio telescopes, surface waves, boundary value
problems, the propagation of waves through various media,
and antennas. The subjects treated are of great importance,
bearing upon the various fields of radio from propagation
through the atmosphere to the use of satellites as communi-
cation vehicles.

The Symposium papers were published as a Special Sup-
plement to the December, 1939 issue of the PGAP Transac-
tions, This 480 page document, for financial reasons, has not
been distributed free of charge. Members of the PGADP may
obtain copices for §8.00, other IRE members for §12.00. Why
not order vour copy from Headquarters now?

Correspondence. In 1059, 209 letters to the Editor were
published in the correspondence colunins of the PROCEEDINGS,
requiring 166 pages. By the end of 1959, a backlog of letters
had developed and the advantage of timeliness, an important
function of the correspondence columns, had been impaired.
This problem has been faced by the Editorial Board. After a
careful study of the 1939 columns, a decision has been reached
to establish a limit on the length of letters to be aecepted for
publication.

After July 13, the length of letters to the Editor will be
limited to four double-spaced typewritten pages of manu-
script. Hlustrations, if any, will be counted as the equivalent
of one-half page of manuseript. This will provide a limit on
letters amounting to about two-thirds of a page. H such a
limitation had been imposed in 1939, it would have been pos-
sible to have published approximately twenty per cent more
letters. Undesirable publication delay would also have been
avoided. Correspondents are urged to cooperate in the spirit
of the intent of the limitation being imposed.

Houston and SWIRECO. The [Lixecutive Committee and
the Board of Directors met in Houston last April in connection
with S\WIRECO. As usual when the Board meets outside of
New York City. all were impressed with the hospitality and
vitality of the 1RE grass roots. The President had the honor
of receiving the distinguishing mark of Texas, a glorious
Stetson (5 or 10 gallon?). In addition, he was made an honor-
ary citizen, in appropriate ceremonies.

On the more serious side, the Board received the reports

®

of the Regional Directors, approved the formation of the lLas
Vegas Section as number 106, and passed a resolution honor-
ing the memory of Past-President J. W. McRae, whose un-
timely death was reported in the PROCEEDINGS in Mareh. The
resolution was engrossed, and has been presented to Mrs.
McRae by President McFarlan.,

Student Quarterly. As the academic year has ended, and
the Editor has given thought to the problems of IR and
education (see advertisement below), the accomplishments of
the STUDENT QUARTERLY appear to be outstanding. This
publication, which has grown in stature from year to vear,
deserves the attention of all members of the IRE. Many are
subscribers and many more should be for their own edification.
The issue of the STUDENT QUaRTERLY for May, 1960 is an
excellent example of the quality of this IRE product.

The May issue featured the following articles: “Electron
Tubes Meet the Challenge of Modern Technology,” by J. I
Beggs: “High Fidelity Sound Reproduction.” by 1L F. Olson:
“Radio Waves from the Sun,” by M. H. Cohen: “Why s a
Teacher,” by R. G. Fellers: “Cryogenies—A\ Survey,” by
AL Juster and P AL Shizume; and “Ferroelectric Capacitors
in a Frequeney Modulated VFO,” by C. S. Rockafellow.

With no intent of slighting any of the authors of these
excellent articles, and singling out one paper for comment, the
Editor takes the liberty of recommending the Olson article for
reading by every member of the TRE who is interested in hi-fi
and stereo. Some will certainly contend that this article is an
excellent candidate for reprinting as a review article in the
ProceepinGs. The Editor will contend that this article and
its companions provide excellent reasons for members to have
their own copies of the STUDENT QUARTERLY. Subscriptions
may be sent to RIS Headquarters. The STUDENT (JUARTER-
Ly is published 1n September, December, February, and May:
send in your $3.00 for the 1960-1961 academic vear now.

Advertisement. At a recent meeting of the Executive Com-
mittee, the Editor. as part of his report on editorial matters,
stated that it was his intention to write an article for Poles
and Zeros about TRE and education. One member of the
Executive Committee declared that this was much too impor-
tant a matter “to be buried in Poles and Zeros.” After a deep
swallow of pride at this unflattering, and perhaps truthful,
remark about the arduous monthly labors of the Editor, and
with the concurrence of the other members of the Executive
Committee, the Editor bowed before so much accumulated
wisdom and set forth to tell the story for IRIS members and
posterity. The result appears in this issue; after reading “An
Aspect of the IRE,” you may decide that it would have been
better to have “buried” it. ADVERTISEMENT.—F. H,, Jr.
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C. Wesley Carnahan (A’34-SM'45-F'52) is Director of
Planning, Central Research, at Varian Associates, Palo
Alto, Calif., where he has been a member of the stafl since
1953,

In his Varian post he assists Edward \W. Herold. Vice
President, Research, with the planning and administration
of The Central Research Department, which was organized
to allow the company to enter new fields of scientific in-
vestigation not within the scope of the research and devel-
opment groups of Varian's operating divisions.

He was born July 4, 1907, in Berkeley, Calif., and re-
ceived both the B.\. and M.\, degrees in physics from
Stanford University, Stanford, Calif.

He served as instructor in physical sciences at IFresno
State College from 1927 to 1930. After completing work for
the M.A. degree in 1931, he joined FFarnsworth Television,
where he was employed in the field of television transmis-
sion and reception.

In 1933 he joined Hygrade Svlvania Corporation, where
he worked for four years in the development of special tubes
and lamps at the Salem, Mass., laboratory, and for three
years at the St. Marys, Pa., laboratory, on design and
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Director, 19601961

testing of cathode ray tubes for television.

He then went to Zenith Radio Corporation as a re-
search engincer in 1940. There he was involved in the de-
development of frequency modulation and television re-
ceivers, and, during World War 11, on radar systems. From
1947 to 1948 he was senior engineer at Submarine Signal
Company, in charge of the circuit development of sub-
marine fire control radar.

In 1948 he joined Sandia Corporation as manager of
the Electronics Research Department, engaged in the de-
velopment of classified electronics devices. He was with
Sandia until 1953.

Mr. Carnahan was awarded the degree of Fellow by the
IRIE “for original contributions in the field of frequency
modulation, television, and electronics systems engineer-
ing.” He was a member of the Paper Reviews Committee
from 1945 to 1948, and served on the Board of Editors from
1948 to 1934, He was chairman of the first Seventh Region
IRE Conference.

He holds six patents in the field of frequeney modula-
tion and television, and is the author of several papers in
these fields.

July
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Scanning the Issue

An Aspect of the IRE (Hamburger, p. 1216)—A\s noted on
the Poles and Zeros page of this issue, the Executive Com-
mittee has prevailed upon the Editor of the IRE to describe
an important area of IRE activity with which most members
have all too little familiarity—the IRE student program. The
grade of Student is now the second largest grade of member-
ship in the IRE, accounting for 21 per cent of the total mem-
bership. The IRID STUDENT (QQUARTERLY. now entering its
seventh year of publication, ranks second in circulation
among IRE's 30 periodicals. s the author traces the threads
of service which make up the fabric of the student program,
the reader will find them woven into every segment of the
IR structure,

Low-Noise Parametric Amplifier (Knechtli and Weglein,
p. 1218)—This paper should interest everyone with either a
theoretical or practical interest in parametric amplifiers for
low-noise receiving systems. The authors derive expressions
which make it possible to relate the noise figure and pump
power of a parametric amplifier directly to the actual parame-
ters of the nonlinear reactance and associated circuits. Of
particular interest are the discussions of the ultimate lower
noise limit, the effects of cooling various circuit elements, and
optimum pump frequency.

Theory of Single-Resonance Parametric Amplifiers
(Fisher, p. 1227)—The author proposes a parametric amplifier
in which the tuned circuit at the signal frequency is climi-
nated, leaving a tuned circuit just at the idler frequency.
With only one circuit to tune, the fixed-tuned operation of
parametric amplitiers, which is now almost mandatory, is no
longer necessary. This simplification thus makes a continu-
ously tunable parametric receiver much more pratical.

The Persistor—A Superconducting Memory Element
(Crittenden, et al., p. 1233)—The development of the cryotron
in 1956 ushered in a new class of circuit component which
made use of the superconductive properties of certain ma-
terials at extremely low temperatures. The cryotron was in
essence a tiny bi-stable element which could be switched from
a superconducting state to a resistive state by applying a
magnetic field. Although the switching speed of the cryotron
was too slow to make it attractive for computer applications,
its development spurred an intensive search for new and im-
proved forms of superconducting computer components. One
such component has now emerged. The Persistor is a con-
figuration of superconducting thin films which can store cur-
rent pulses. It is very fast, with a switching time of 15 milli-
microseconds or less, as compared to a millisecond for the
cryotron. It is also very compact. Densities of a million
units per cubic foot are possible. The Persistor represents an
important step toward the eventual development of micro-
miniature very-high-speed large-capacity computers.

Limitations and Possibilities for Improvement of Photo-
voltaic Solar Energy Converters (\Wolf, p. 1246)— lLast March,
the following two events took place within a week of one
another: (a) an clectric car with an array of solar cells mounted
on its roof spent a sunny afternoon riding around Central
Park in New York City; (b) Pioneer \" began sending signals
from space by means of a 5-watt transmitter powered by
4800 solar cells. Ten weeks and 10 million miles later. the sig-
nals were still coming in. These events are indicative of the
rapid strides that have been made in the development of
practical solar energy converters in the last six vears. This
progress, in turn. foretells of further substantial progress in
the next six years. The broad survey and evaluation of various
conversion devices presented here provide a valuable guide to
the many engineers interested in energy conversion and in
avenues for further advances in materials and devices.

A New (Class of Switching Devices and Logic Elements

(Mclsaac and Itzkan, p. 1264)—This paper adds a sturdy
strand to the growing bond between microwave techniques
and computer technology which, it is expected, will lead to
enormous increases in computer speeds. By employving elec-
tron heams and eircuit elements closely related to those used
in microwave tubes. the authors have developed a variety of
devices that are capable of performing switching and logic at
clock time intervals of one millimicrosecond, an improvement
of about 103 over conventional computers.

Skin Effect in Semiconductors (1°rei and Strutt, p. 1272)—
The well-known skin effect formulas for metallic conductors
have now heen extended to semiconductor materials. In the
light of the recent increased activity in the use of semiconduc-
tors at microwave frequencies, this work becomes a quite
general interest.

A Microwave Meacham Bridge Oscillator (Sooy., ef al., p.
1297)—The Meacham bridge oscillator has long been used as
a low-frequency standard of exceptional stability. Placing a
resonant element in the feedback path will increase the sta-
bility of an oscillator. In the Meacham circuit, the stability is
further enhanced by placing the resonant element in one arm
of a bridge in the feedback loop. The authors have built a
microwave version of the Meacham bridge oscillator and have
found it has a very high short-term stability, potentially
about 2 parts in 10", a fact which will interest many radar
and other microwave systems engineers. If the resonant
element takes the form of a very-high-Q moleecular reso-
nator, unprecedented short-term stabilities become possible.

Unidirectional Paramagnetic Amplifier Design (Strand-
berg, p. 1307)—This paper presents a thorough discussion of
the design considerations for a cavity-type solid-state maser
which utilizes circularly polarized fields to achieve uni-
directional and nonreciprocal gain. Many design matters are
discussed which have not been treated before. The unidirec-
tional characteristic is especially interesting because it mini-
mizes the necessity for using a circulator to isolate the input
from the output. Eliminating the circulator would reduce the
noise figure by an order of magnitude, an improvement of
particular significance to radio astronomy.

Excitation of Piezoelectric Plates by Use of a Parallel
Field with Particular Reference to Thickness Modes of
Quartz (Beckmann, p. 1278)—The author discusses the
excitation of a piezoelectric plate by a field parallel to the
major surface rather than the usually used method of a field
perpendicular to the surface. His experimental results show
that this gives a higher inductance and , a result that will be
of considerable interest in the precise control of oscillators.

Transient Behavior of Aperture Antennas (Polk, p. 1281)
—This paper explores how long it takes for the steady-state
beam pattern to form after an antenna is switched on. This
transient interval is a function of antenna size. [t also presents
a limitation as to how rapidly clectronic scanning can be ac-
complished without degrading system performance. With
antennas of ever-inereasing size being built and the growing
use of rapid scanning radar systems, the transient behavior of
antennas is becoming a matter of growing pertinence in sys-
tems engineering as well as antenna design.

Radar Target Classification by Polarization Properties
(Copeland, p. 1290)—The subject of this paper is one of gen-
eral interest to the whole radar field because of urgent require-
ments for improved methods of target identification. The
author contributes to the subject by developing a mathe-
matical model for representing the polarization transforming
properties of radar targets which enables a better under-
standing of polarization phenomena and facilitates the radar
measurements of polarization properties.

Scanning the Transactions appears on page 1351.
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An Aspect of the IRE®

FERDINAND HAMBURGER, Jr.{, FELLOW, IRE

Summary—This paper presents a discussion of activities of the
IRE as they are related to education. It considers the several aspects
of the IRE contribution to education in terms of student membership,
student branches, IRE representatives, the PROCEEDINGS, the STU-
DENT QUARTERLY, several committees, the Professional Group on
Education, and the local Sections.

scientific, literary, and educational.” Thus one of

the fundamental concepts of the IRE is participa-
tion and activity in “education.” The gathering and im-
partation of knowledge, both basic to the educational
process, are involved in all activities of an IRE member
including those of reading, or writing for the PROCEED-
INGS or TRANSACTIONS, or attending meetings and sym-
posia as spectator or participant.

With increasing frequency the members of the IRE
have been raising the question as to what is being done
by the IRE in the area of education. The question is
asked, however, in a much more restricted sense; what is
really being asked is what is the IRE doing for students.
To provide information for those members of the IRE
who are not fully aware of its activities in this field, and
to set forth the background from which additional
activities may stem, are the purposes of this paper.

The core of the IRE program is in the provision for
students to become members of this professional so-
ciety. Pupils studying in regular programs in schools of
recognized standing are accepted into the grade of “Stu-
dent,” and those following programs of study in a tech-
nical institute or other school approved by the Execu-
tive Committee of the IRE are accepted into the grade
of “Student Associate.” Where groups of not less than
fifteen students are associated, in a given institution,
branches may be formed; these branches are called
Student Branches or Student Associate Branches. The
183 Student Branches presently in operation in the
United States and Canada will undoubtedly soon be in-
creased by branches in countries outside North America
in which IRE Sections now exist.

All student branches are sponsored by IRE Repre-
sentatives who are IRE members and who teach at the
institution at which the branch is formed. Each IRE
Representative is charged with promoting the welfare
of the IRE at his school, particularly in matters relating
to student membership. To aid the IRE Representative
in effectively carrying out his responsibilities, the IRE

T ITE IRE Constitution states, “Its objects shall be

* Received by the IRE, April 14, 1960.
t The Johns Hopkins University, Baltimore 18, Md.

provides assistance in several forms; these will be dis-
cussed later.

To implement its program for both students and
branches, the IRE provides substantial subsidies. Un-
doubtedly the most significant subsidy is that provided
to the student, as an individual, in the form of the publi-
cations made available to him. All Students and Student
Associates receive the PROCEEDINGS and the STUDENT
QUARTERLY as a part of their membership privilege. In
addition, each student may join and participate in the
activities of a Professional Group of his choice, for the
nominal additional fee of one dollar. This provides an
automatic subscription to the TraxsAcTIONS of that
Professional Group; about one-half of the students pres-
ently take advantage of this opportunity. The student,
like any other IRIE member, may join as many other
Professional Groups as he desires, at the regular Group
rate.

The program of Special Issues of the PROCEEDINGS
has made a particular contribution to the educational
aspect of the IRE. In fact, members of the IRE are
recognizing these Special Issues as “textbooks” in their
own right; so also do professors and students. Issues on
Color Television, Transistors, Computers, Scatter
Propagation, Infrared and many others, have been of
especial value for their timely availability.

The STUDENT QUARTERLY is a particularly outstand-
ing contribution to the IRE program for students. This
magazine, published four times per vear, is specificatly
designed for students. It contains articles written es-
pecially for them by outstanding members of the IRE
and other contributors. For example, in the most recent
issues will be found articles authored by such famous
names as James A. VVan Allen, IF. E. Terman, Archie \V.
Straiton, J. R. Weisner, and Ronald L. McFarlan. The
caliber of the STUDENT QUARTERLY is of such stature
that many IRE members are regular subscribers, and
the number continually increases.

That this program constitutes a substantial subsidy
to student members is emphasized by the fact that the
student membership fee is actually less than one-half
the cost to the IRE of printing and mailing the Pro-
CEEDINGS. In addition to the subscription to the Stu-
DENT QUARTERLY, another component of the subsidy,
each student may receive, upon request, a student pin.
Book covers, embossed with the IRE emblem, are also
available.

The student activity is also supported by the IRE
program of financial allowances to the student branches.
For both Student Branches and Student Associate
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Branches, per capita rebates are provided, based on stu-
dent branch membership. Additionally, an allotment for
branch operation is made available. Each branch is en-
titled to a charter certificate and the IRE even helps de-
fray the cost of framing. Free stationery is provided for
branches, and in the case of branches that operate
jointly with those of another professional society, an al-
lowance for printing is available in lieu of stationery.

The program outlined above, dealing directly with
students, is supplemented throughout the entire or-
ganizational structure of IRE. From the Board of Direc-
tors and its Exccutive Committee, through the several
echelons to the local Sections of the IRE, consideration
is continually given to educational and student matters.
There is seldom a meeting of either the Board of Direc-
tors or the IExecutive Committee that does not devote
sonme portion of its time to these areas.

The IRE By-laws provide for an Education Commit-
tec as one ol the Standing Committees. The Education
Committee is charged with advising the Executive Com-
mittee and the Board of Directors in the field of educa-
tion. It is the intent that this committee consider mat-
ters relating to electronic engineering education in all
arcas, including the high schools, the technical insti-
tutes, and both undergraduate and graduate education
in the universities and colleges.

The Professional Group structure, as mentioned
above, contains the Professional Group on Education,
providing another mechanism for attention to educa-
tional matters. This Group serves as a forum on educa-
tion by providing seminars and publications for the dis-
cussion of educational philosophy, problems, and meth-
ods. Promotion of discussion of technical education and
cducational methods at all levels, and cooperation with
other organizations in the interest of electronics in edu-
cation, are the principal objectives of the Group.

In the eight Regions of the RIS, the emphasis on edu-
cation continues. Ifach Region has established a Re-
gional Education Committee which is responsible for
handling all educational problems of the Region. This
includes Student Member and Student Branch opera-
tions, supervision of student paper contests, and similar
activities held on a Regional basis. All IRE Representa-
tives in colleges and technical institutes in a Region are
members of the Regional Education Committee. The
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IRIS provides funds to pay the expenses of the Repre-
sentative to one meeting per year of the Regional Edu-
cation Committee, held within the Region.

The Professional Groups have demonstrated their in-
terest in education and in students in one very tangible
manner. At a number of specialized conferences and
svmposia, the Groups have arranged special sessions
organized and planned in the interest of students. As
examples, the Professional Group on Aeronautical and
Navigational Electronics has on several occasions spon-
sored student sessions in connection with the annual
East Coast Conference on Aeronautical and Naviga-
tional Electronics; the Professional Group on Instru-
mentation has held a student session in connection with
the annual IRE Instrumentation Conference.

The 105 IRE Sections are all well aware of the im-
portance of the educational activities that are significant
adjuncts to the functions of the local Sections. Each
Section appoints a Student Coordinator who serves as a
member of the Section Executive Committee and is
responsible for assisting the Student Branches within
the local Section arca. To list or discuss all of the varied
types of student interest functions of local Sections is
impractical. The most common might be mentioned.
Student Nights are arranged by many Sections to pro-
vide an opportunity for students to mingle with and
meet practicing members of the profession. Student
prizes of several different types are offered by Sections
usually in such form as to stimulate the embryonic engi-
neer in written and oral presentation of scientific and
engineering material. Many Sections do not confine
their interest in educational problems to the university
and college or technical institute level; increasingly the
sections are taking an interest in the problem of guid-
ance of the high-school student. To this end they plan
and organize meetings and discussions to aid these stu-
dents in the ditheult problems surrounding decisions on
the proper ultimate occupation.

Through these various methods of participation in
student matters, the IR is making a substantial con-
tribution to education and is simultaneously fulfilling
one ol its basic objectives. It is the intention of the IRE
to continue its present program and to modify or extend
its activities as additional opportunities for service to
the cause of education are recognized.
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Low-Noise Parametric Amplifier”

R. C. KNECHTLIT, MEMBER, IRE, AND R. D. WEGLEINT, SENIOR MEMBER, IRE

Summary—The theory of the parametric amplifier has been re-
formulated to permit the prediction of noise temperature and pump
power in terms of the physical parameters of the nonlinear element
and circuit. The results of this analysis are supported by careful ex-
periments at S-band using a gold-bonded germanium semiconductor
diode. They can be summarized as follows.

1) Performance of a parametric amplifier using semiconductor
diodes with respect to noise temperature and pump power can
be accurately predicted, once the diode and circuit parameters
have been measured.

2) It is shown that the ultimate limitation on noise temperature
depends simply on the product of the diode cutoff frequency
and the normalized capacitance swing.

3) The derived figure of merit for the diode can serve as a basis
for optimum design of the semiconductor parameters.

I. INTRODUCTION
&_L’I‘]]()UGH expressions for the gain, bandwidth

and noise figure of parametric amplifiers have

been derived in rather general terms,'™ it is
still dithcult to find from these expressions the effects of
the actual parameters of the circuits and of the non-
linear reactance on the performance of a given ampli-
fier.? It is the purpose of this paper to express the noise
figure and the pump power of a parametric amplifier
in terms of physical parameters directly measurable,
even at microwave frequencies. A further purpose is to
show how the Q, the law of reactance variation of the
nonlinear clement, and its temperature impose an ulti-
mate limit on the minimum noise figure attainable
with a parametric amplifier and how this limit scales
with frequency. For the present purpose, the nonlincar
reactance is assumed to be a semiconductor diode
operated in the reverse-bias region as a voltage-de-
pendent capacitance. The relations that follow can,
however, be readily modified to apply to other types
of nonlinear reactances as well.

11. Basic RELATIONS

The relations needed in this paper are those for the
gain and the noise figure of a parametric amplifier. Be-
cause the variable reactance is to be a variable capac-

* Received by the TRE, October 15, 1959; revised manuscript
received, February 20, 1960,

1 Research Labs., Hughes Aircraft Co., Malibu, Calif.

'S, Bloom and K. K. N. Chang, “Theory of parametric amplifi-
cation using nonlinear reactances,” RCA Rer., vol. 18, pp. 578-596;
December, 1957,

2 H. E. Rowe, “Some general properties of nonlinear elements. [1.
Small signal theory,” Proc. 1RE, vol. 46, pp. 850-860; May, 1938,

3 1. Heffner and G. Wade, “Gain, band width and noise charac-
teristics of the variable parameter amplitier,” J. Appl. Phys., vol.
29, pp. 1321-1331; September, 1958.

4 M. Uenohara, “Noise consideration of the variable capacitance
parametric amplitier,” Proc. IRE, vol. 48, pp. 169-179; February,
1960). Uenohara’s paper, which was published after the present paper
had been submitted for publication, comes closest to relating physi-
cal circuit and diode parameters to amplifier characteristics, insofar
as Uenohara’s motives seemed to coincide with those of the present
authors.

itance, it is convenient to derive these expressions for
the equivalent circuit in Fig. 1 where the susceptances
B,, B, and B, represent parallel L-C tank circuits
resonant respectively at the signal frequency f,, the
idler frequency fi, and the pump frequency f,. At this
point, it is important to make the following remarks.

1) For minimum noise figure, it is desirable to use a
circulator® to separate the input conductance G, from
the load conductance G;. When a circulator is used, the
signal circuit sees only the load G.; hence, the total
conductance seen by this circuit does nof include the
input conductance G,. From the standpoint of noise,
only that originating in the generator conductance
enters the amplifier; therefore it sees only the generator
conductance and does nof see the load conductance.
Because, in the present considerations, G, =G,, the no-
tation “G,” will be used indiscriminately to represent
either G, or G;.

2) In this equivalent circuit, the diode losses are
represented by a conductance G4 In fact, the signifi-
cant measure of diode losses is the quality factor Qq
of the diode at the frequency considered; G4 is then
obtained from @, by the relation Ga=wCy/Qu where Qq
i1s measured at the frequency w. If the losses were rep-
resented by a series resistance R,, the relation between

Gq and R, would be given by
Qi=wCi/'Gy = 1/wC4R,; Gi = R (wCy)2.

The representation of these losses by a parallel con-
ductance Gy in the circuit in Fig. 1 is purely for mathe-
matical convenience and will not affect the results,

SIGNAL CIRCUIT  wg

Gg Gd
TTTTAT T - IDLER CIRCUIT
& ] sl
r W
Cd !

I3 Q) Gg ;

L“B_s_“ _______ TN

| &
PUMP CIRCUIT
LGos —?p}—-

Ip

Fig. 1—Lumped-circuit model with circulator.

8 This is true as long as the coupling of the load (output) to the
signal circuit is not kept much smaller than the coupling of the signal
generator (input) to the signal circuit. Because, for maximum gain-
bandwidth product, it is desirable to have about the same coupling
of both in- and out-put to the signal circuit, it is then desirable, for
minimum noise as well as for stability, to use a circulator.
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since in the final expressions, Qq rather than G4 will be
used. 1t should, however, be pointed out that in this
representation Gq will, in general, be frequency depend-
ent. llence the Gq will be characterized by an addi-
tional index s, 1, or p, respectively, to indicate that the
value of Gy corresponding to signal, idler, or pump fre-
quency is to be taken [e.g., G = R.(w.Cs)?=value of
G, at signal frequency]. It should also be pointed out
that this analasis, Cy represents the actual capacitance
of the semiconductor junction and Q. the quality factor
associated with the capacitance C; only (excluding the
reactances of the series inductance and shunt capaci-
tance of the diode package).

3) In a parametric amplifier, in particular at micro-
wave frequencies, the various circuits and the diode are
not directly coupled. For this reason, the conductances
and susceptances shown in IMig. 1 are not the actual
values corresponding to cach element but rather those
seen at a given common reference plane. In the final
expressions, only ratios of conductances seen at this
plane will appear; these ratios will be found to be equal
to ratios of quality factors Q and independent of the
choice of the reference plane. I7or this reason, the equiv-
alent circuit in Fig. 1 still remains useful for the present
considerations, without any need for specifying further
the common reference plane.

The derivation of the gain and noise-figure expres-
sions for the amplifier represented in Fig. 1 is, in many
respects, a dual of that given by Bloom and Chang;!
the circuit in Fig. 1 is itself a dual of the circuit pro-
posed by these authors. The two significant differences
in our dual are the assumed circulator and the inclu-
sion of the lossy part of the nonlincar element; these
somewhat modify the final expressions but do not alter
the steps in deriving them. For this reason, the details
of the analysis are omitted, and the results are given.
If a law of variation of Cy4 given by (1) is assumed,

Ca=C+H eV, (H

where

C=diode capacitance in the absence of RF voltage,
I"=instantaneous RF pump voltage,

then one obtains for the power gain /1 (on the assump-
tion of an ideal circulator)

Gy.w - I'» :
| = [—— ()
(o b
where
3 ' B
¥Y,=G, - |G| +J|:Ba— |G| — :|
G,
| I;’ . !
lGl:\;aG,s 147 '
Gl
wew AC*
o (2)
4G .Gy
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AC = Cuax = Cuin == 2€7, [from (1)]
", = pump voltage amplitude. (3)

Further definitions useful in this derivation are
G, = Go+ Gy + Ga,
G, = Go + Go,
Gi=0Gu+G,i +Gui
Gp = Gop + Gup

B, = total signal circuit susceptance
B = total idler circuit susceptance
Goo d ling to |
conductances corresponding to losses
G..+ = in unloaded signal, idler, and pump
G resonant circuits, respectively
op

G| effective generator conductances as seen
G, by signal and idler circuits, respectively.

If it is assumed that the signal circuit and the diode
have temperatures 1, and 7, respectively, and that
the idler circuit has an effective temperature T, es
(these three temperatures are not necessarily all the
same), then the following expression is obtained for the
noise figure F¢ under the condition of high gain (a—1):

Tc Gna Td Gda
pr+ () + ()
To Gaz To Gas

Tiett W, G,
=)0+ g)
To Wi Ggs

where T, is the reference temperature for which the
noise figure [ is defined.

Eqgs. (I) and (I1) are the basic relations on which the
subsequent derivation will be based.

(IT)

I1I. PumpING POWER
A. Definition of Critical Pump Power P,

The critical pump power is defined as the pump power
at which oscillation starts when signal, idler, and pump
circuits are tuned to resonance (B, =B;=0). According
to this definition and (I), the critical pump power is the
pump power needed to make a=1. The actual pump
power corresponding to a <1 (finite gain) is related to
P.. according to the definition of a by

Ppump = aPe,. 4)
Indeed,

a « AC? « |72 « PLunp.

B. Evaluation of Critical Pump Power P
To find P. by using (2), the condition a=1 is
written
w,w; AC?
— = 1. (i
4("({613

[ 1}
~—

6 The relation between T, o and the actual temperature of the
idler circuit will be derived later (see Appendix ).
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The pump power is introduced into {5) by substituting,
according to (1) and (3),

_ P,
AC? = (2eV,)? = 862(» —). (6)
G,
I‘rom (5) and (6)
G.G.G
P, = —— (N
2w.w;C?

Eq. (7) may be written as follows, according to the
definitions of G, G, and G,:

P wsC <G(,sGlli(;()p)<wp)<C >2<1 + Gas + Glln)
) www,C* S\ w,/ \ € Gos G,

<1 + Gm + thi><1 + thh) (8)
Gai Grn' G(Ip .

It is now useful to define the following quality factors

and ratios ol quality factors:

Qusy, Quiy Q.= unloaded Q of signal, idler, and pump
circuit, respectively.

Qus. Qui, Qup=external Q of signal, idler, and pump
circuit, respectively, when circuit is loaded by diode
onlv. (Qus, Qui, QupZQu at frequencies w,, w;, w,, re-
spectively.)

Qus, @y, =external Q of signal and idler circuits, re-
spectively, when loaded only by generator conduct-
ances G, and G,;, respectively.

Qu=actual diode Q at signal frequency.

Further, let
_ Qoa Gda

a () dg Gnc

ko, (9
Similar relations defining k4, and k4, can be written
for the idler and pump circuits.

8 Gs 1 G,‘
— Qd = v ; 'R Qd - (()d)

B ()_r/s ths B Q‘“; h Gd,
With (9) and (9a), (8) becomes

po= o€ <£>2< c.,,> (9.) (G_d> (ii)
2 \e/ \wc/\wc/\u,C/ \ 0,
.<1+,,,+ ‘)(1 +,,,-+L)(1+i).<33>
kas kai kap

Note that in the absence of idler load, u;=0.
A good microwave diode has a quality factor prac-
tically inversely proportional to frequency.’
Hence
w,C wiC W, w,,C

Opi = —Qpi = —-Qp.

Ga. Gai  wi Gap wp

Ha

7 This corresponds to the frequency-independent “series resistance”
of the diode.

Eq. (8a) then becomes
e 2 e )
T 20p*\ ¢ w./ \ w; . ka,
1 1
-<1+u,-+ : -><1+—>. (rn
(1./, k,[p

The expression tor the pump power is interesting be-
cause it is given in terms of directly measurable diode
parameters. The k's and u's are ratios of Q's and there-
fore mcasurable by standard techniques, even at micro-
wave frequencies.

In addition to this, one observes the following from

(111).3

1) The pump power increases with diode losses as
1/05%

2) For given ratios of w;/w, and w,/w,, the pump
power increases with the fourth power of the signal
frequency.

3) The pump power decreases with increasing diode
nonlincarity as (C/€)2

IV. Noisg TEMPERATURE
A. Definitions

The excess noise temperature 7', of an amplifier
whose power gain is G and bandwidth Af is defined by
the relation

kT, Af = N/G

where N is the noise power generated in the amplifier
and available at the output. Hence

T al (10)

n kGA.f

Because the excess noise temperature (which will be
simply called “noise temperature” in this paper) is a
more fundamental quantity than the noise figure, noise
temperatures rather than noise figures will be consid-
ered henceforth. The relation between both is

Tn
F=1+4—, (11)
Ta
where T, is the reference temperature for which the
noise figure is defined.

In a parametric amplifier, it is important to observe
that there are in gencral two channels of amplification:
the signal channel and the idler channel, of respective
bandwidths Af, and Af. (In general, Af,=Af, even
though f,#f..) In a conventional system, input signals
are provided to the signal channel only, so that for this
case Af =4Af, in (10). The noise temperature correspond-
ing to this conventional case will be called the “single-
channel noise temperature,” and its corresponding noise
figure, the “single-channel noise figure.”

8 The first two of the following remarks are valid only when the
diode Q is inversely proportional to frequency and when g, and y; are
kept constant (constant diode contribution to noise temperature, as
shown in Section 1V).

&
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B. Single-Channel Noise Temperature T,

From (11), the following expression is found for the
single-chanunel noise temperature 7T',, of a parametric
amplifier:

1 1
Tnl="_Ta+—Td
gs HMs
w, 1
+a— <1 + + —) (Tiveiv) (12)
w, 93 Ha
where
08 G 8
kyw = Q_ o i
e Gos

At this point, the significance of the effective idler-
circuit temperature 77 . must be scrutinized. In the
most general case, the idler circuit, which itsell is at
temperature 7., can be coupled to a diode of tempera-
ture 7y and to an external load of temperature 77,
Part of the Johnson noise at the idier frequency is then
generated at temperature 7, part at temperature 7y,
and part at 77;. From these considerations, an expres-
sion for T . is derived in Appendix 1. Introducing this
into (12) vields

( 1 1 ]
LS S===a s
1 1 w. k., Bs |
Tow=—T.4+—Teta—— — -t
k. M CH n 1 n 1
l k]x Hi
1 1 i
'<Tl. Sl Td+—7u'> (IV)
M 14
where
o1 G T
ki = ) =22
Qli Gm'

Eq. (IV) is the general expression for the single-chan-
nel noise temperature of a parametric amplifier. A few
special cases of particular interest may now be pointed
out.

1) No [dler Load: 1n this case, G;;=0, hence
kii=u;=0. (However, ki;/u;=ks;#0!) Further, let the
circuit losses be relatively small so that kg, and k/>>1.
Then from (I1V)

T o 1

nl =

1 Ws W, 1
T, + <— + a —) Ta+ a——T,. (IVa)

g8 2] Wy w; di

It is interesting to observe that here the contributions
of the idler-circuit temperature T,; to the amplifier
noise temperature T, becomes negligible if ks;>T,:;/ 1.
This is explained by the fact that most of the noise at
the idler frequency then is generated in the diode at a
temperature 1, rather than in the rest of the idler cir-
cuit. This condition is also particularly favorable for the
reduction of amplifier noise temperature T, by cooling of

Knechtli and Weglein: Low-Noise Parametric Amplifier

1221

the diode (reduction of 7). Because the diode itself is
quite small, cooling it to a low temperature is a rather
simple process which could be carried out, e.g., thermo-
electrically at little expense of power or weight. It is
important to recalize that to gain this advantage, it is
not necessary to cool the whole circuit.

2) Ileavy Idler Load: Consider an external load of
temperature 17 strongly coupled to the idler circuit. Let

kl[, kan Mgy and M > 1.

Then?

(IVh)

It is seen that reducing the idler-load temperature
T1; (e.g., by coupling to an antenna looking at the cold
skv) may make the contribution of the idler noise to
the single-channel noise temperature rather negligible.

It should, of course, be observed that making u>>1
so as to operate under conditions where (IVD) is valid
can be done only at the expense ol increased pump
power. This conclusion follows directly from (I11).

C. Double-Channel Noise Temperature T,

It is also of interest to consider the case where both
signal and idler channels are effectively used. lere,
there is one input at the signal frequency (bandwidth
Afy) and another at the idler frequency (bandwidth
Af). If the two channels do not overlap, the total useful
bandwidth is Af=Af,+Af:. The noise temperature cor-
responding to this mode of operation will be called the
“double-channel noise temperature” 7',» and is derived
i Appendix 11. In the special case where generator,
load, and diode couplings to the signal circuit equal the
corresponding couplings to the idler circuit, the double-
channel noise temperature is found to be

1
T, + —Ta

g8 Hs

Tho ==

(IVce)

It is assumed in (IVe) that the signal and idler cir-
cuits have the same temperature (7,;=7T,), although
the diode temperature 7y may still differ from 7,. Eq.
(IVe) also applies in the quasi-degenerate case where
signal and idler have approximately the same frequency
and are both supported by the same circuit.

Afew comments about the significance of the double-
channel noise temperature as given, e.g., bv (IVc), are
now in order.

1) The double-channel noise temperature represents

the inherent noise generated in the amplifier itself,
immdependently of external circuitry.

¢ The limits to the maximuin values of g, and gy, which are inter-
dependent, are discussed in Section VT,
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2) The double-channel noise temperature can be
measured directly by means of a broad-band
noise source supplying white noise at the signal
and idler frequencies.

3) As a consequence of 1) above, the double-channel
noise temperature is closely related to the mini-
mum single-channel noise temperature.

This latter remark is borne out; e.g., in the case of a
parametric amplifier with a heavy idler load whose
temperature tends to zero; then (1\'h) tends to the form
given by (I\V'c) when 175 approaches absolute zero.

V. Noist TEMPERATURE AND Puyp POWER
wiTH Low-Loss Cireuirs
Parametric amplifier circuits are termed “low-loss”
when the unloaded Q greatly exceeds the loaded Q. Ac-
cording to this definition and (9), all factors & in (111)
and (I'V) are much greater than 1. Ilence, with low cir-
cuit losses, (111) and (IV) may be simplified as follows:

P (CY(%)?(M A+ w1+ w). (13
cr == 20’)3 e . ws) Mg Mi). e

\With idler load:

1
14+ —
) 1 I I 1
I‘HIE'— Td+a B - (T[,‘+ — T,l>. (14)
e w; 1 '
1+
M

\Vithout idler load:

1 W, _
T.,=|—+«a )T,,. (15)
s W,
Double-channel noise temperature:
T, ,=—T. (13a)
s

It is clear from these relations that the amplifier
noise temperature can be reduced at the expense of in-
creased pump power by making u, larger. The physical
explanation is that increasing u; and p; is accomplished
by reducing the coupling of the diode to the signal and
idler circuits. By this process, the amount ol Johnson
noise power coupled from the diode to the signal input
is reduced, which in turn reduces the amplifier noise
temperature. At the same time, however, the ratio be-
tween the transformed change of capacitance seen by
the signal and idler resonant circuits and the actual
change of diode capacitance is reduced. To keep the
gain constant, the transformed change of capacitance
must remain constant. llence, as the diode coupling is
reduced, the actual diode capacitance swing has to in-
crease; this means an increase in pump power. The proc-
ess, however, is limited to the maximum permissible
swing in the capacitance. The maximum capacitance
corresponds to incipient forward conduction; the mini-
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mum capacitance corresponds to incipient reverse
breakdown. To what minimum noise temperature this
limit corresponds will be shown in the next section.

Vi, MiNiMIZATION OF NoOISE TEMPERATURE
A. External Idler Load

The first step toward minimizing the noise tempera-
ture of a parametric amplifier is obviously to minimize
circuit losses. This follows directly from (1V) and leads
to (14) or (15), depending upon the presence or absence
of an external idler load.

The general case where p, is different from zero (ex-
ternal idler load) will now be considered. It is scen from
(13) that to increase u, and u;, one must increase ...
The maximum tolerable value of P., corresponds to the
diode voltage swings between incipient breakdown in
the reverse direction and conduction in the forward
direction. I 175 is the diode breakdown voltage, this
condition corresponds approximately to VA',,HME% Vg .
Then from (13)

- 2
I/ llnv:wGP

I)rr = T
2

S w,C [ C N\ w\*f w;
2 2o () ()t ve kv a0

(ue + 1)(0i + 1)
N
w,C O w,,) wi).

(17)

¢
s(-
C

AC‘IH&X = l Cnmx -

et
27, e

Pruimx

Cmin |max =
and observe that with low circuit losses

. w\*
(I,, o~ G,lp = <_> (l(is

Ws

w;C w,/ \Qp '
Further, let the diode cutoff frequency f. be defined by

fe=0Qnf.. Then

1 A(‘max 2_[( 2 fx
(s + D, + 1) < —{ — — ).
et <2 (52) () ()

Eq. (18) together with (14) shows that minimum noise
temperature is obtained by maximizing the product

(A(/'m:ux/(') (fl‘/_fs)-
B. No [ldler Load

In the absence of an external idler load, u;=01in (13).
lHence, instead of (18), we have

(18)

1 A(wm:\x 2 j( ? f.»
(be + 1) < ( )(-)( ) (19)
4 C f. fi
1 f
T, = <— + « —> T.. (20)
e W
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It is interesting to observe from (19) and (20) that in
the present case the minimum noise temperature is in
principle not obtained for the highest possible idler fre-
quency.'® Further, it should be remembered [see (13)]
that increasing the idler frequency leads to a higher
pump frequency; this in turn, together with the higher
idler frequency, soon leads to excessive pump power
from the standpoint of generating this power and dissi-
pating it in the diode.

C. Quasi-Degenerate Case

In this case, signal and idler are supported by the
same circuit (f,=22f,; fi=2f.). Both signal and idler are
coupled through the same coupling elements to the sig-
nal generator (input) and to the load. Then p,=u;=p,
from (18), (14) and (15a). With 7, =noise temperature
of generator impedance:

+ 1 (ACmnx) (fc >2 (21)
(u ) < 4 C‘ 7
1
Tw=—QQ4a)T,+ aT, (22)
u
1
T2 — Ty (23)
u

Here again, it is apparent that minimum noise tempera-
ture is obtained by maximizing the product

<ACnlﬂ‘(><ff )
c J\5n/
D. Cooling of Diode

It is clear from (14), (15) and (13a) that with low-loss
circuits, the amplifier noise temperature can be greatly
reduced by cooling the diode. This implies, of course,
that the diode performance is not degraded by cooling.!!
For germanium, e.g., the cutoff frequency and AC,../C
at liquid-nitrogen temperature can even be made larger
than at room temperature.' It will be shown in Section
V1T that the possibility of reducing the amplifier noise
by cooling a germanium diode has been very well veri-
fied experimentally.

VII. Optivivy DEsioN oF SEM1coNDUCTOR Diopg

From (18) to (23), it is seen that minimum noise
temperature is obtained when the product of cutoft fre-
quency f. times the relative capacitance swing ACuay/C
is made as large as possible. This condition is entirely
determined by the diode parameters. The value of

! This limitation is considered in more detail in a paper by
R. D). Weglein, to he submitted for publication in the near future.
A brief (](ll\dthll for the optimum idler frequency is given in \p-
pendix T\ similar result also is given in a private communication
by H. A, Il(lus and P. Pentield, Jr., from M.LT,

U If the cutoff frequency f. were, e.g., to decrease with decreasing
temperature as a consequence of the reduction of the number of
ionized charge carriers, (18) to (21) show that reducing the diode
temperature would be futile.
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AC..x/C is determined by the maximum permissible
voltage swing (between breakdown and forward con-
duction). When the conductivity of the semiconductor
is increascd to make f; larger, the breakdown voltage
Vg decreases in magnitude. For small values of 17, in
the limit,

AC| 1 dC(V)
>~ AV ——|e~t

cwvy dv |

(' mox

(24)

The normalized derivative depends on the type of semi-
conductor junction (abrupt or graded) and is given by

Q_<1><11C>_ m
\c/\av/ B+ V|

(25)

~

where

m=20.50 for the abrupt junction,
m=20.33 for the graded junction.

Hence, to minimize the amplifier noise temperature,
the quantity to maximize, in the limit of small break-

down voltages, is
y ( m ) v
\B+ 7|/ "

where V =bias voltage for which maximum capacitance
swing is obtained.
To effect this, it is desirable:

(26)

1) to make m as large as possible, and
2) to make fc-l V| as large as possible.

While making m large points toward an abrupt
rather than a graded junction, the possibility of making

fer l I'BI larger with a graded junction may overshadow

this advantage.

The value of the product f. times | VB| is essentially
determined by the donor and acceptor levels on either
side of the semiconductor junction; maximizing this
product defines an optimim value for these levels.

VIIIL.

The present theory of low-noise parametric ampli-
fiers has been experimentally verified by means of a
3.1-kmc waveguide cavity amplifier with a pump power
equal to about twice the signal frequency. This ampli-
fier used an early developmental version of the Ilughes
gold-bonded germanium diode of the type HIPA2800. A
waveguide four-port circulator was used with isolation
in excess of 30 db and forward loss of 0.25 db per port.
In addition, isolators were used at input and output
(0.6 db forward loss and greater than 25 db isolation)
to increase the precision with which noise temperature
could be measured. Signal and idler frequencies were
supported by the same lossless S-band cavity (k,,>>1)
although these frequencies were clearly separated on a
spectrum analvzer. Tvpical gain and bandwidth were

EXPERIMENTAL VERIFICATION



1224

measured to be 20 db and 12 mc, respectively, yielding
a voltage gain-bandwidth product of 120 mc, which was
found relatively constant over a wide range of gain. To
evaluate the noise temperature accurately, the insertion
loss between the noise lamp and the input to the signal-
idler cavity was measured to an accuracy of 0.1 db and
properly subtracted from the measured noise figures. In
addition to these precautions, the effect on gain of any
residual changes in the VSWR of the noise lamp (argon
discharge lamp in waveguide holder) was checked and
found to be nonexistent. Two second harmonic filters
reduced the pump power level in the signal waveguide
by more than 80 db. The double-channel noise tempera-
ture was measured and verified using two independent
techniques. I'irst, the noise temperature was optimized
using the noise lamp in the stated arrangement with a
commercial automatic noise figure meter. Because these
measured values were low, they could be checked by
resorting to an absolute method. In this latter tech-
nique, two matched terminations (VSWR £1.02) were
used, one at room temperature and one at liquid nitro-
gen (78°K). At fixed amplifier gain, the noise power out-
put of the amplifier was measured on a linear power de-
tector when the input was alternately connected to each
of these terminations. The results of these absolute
measurements agreed within 0.1 db with the noise
lamp measurements.

The theoretical relations to be verified by this experi-
ment are obtained from (I11) and (IV¢) with u;=u, and
1/ky=21/ky,=20. They are:

1
Tn2 = Td (27)
Hs
Ta\?
P, = P 1+ —) (28)
TnZ
P 2“’“C(C)2 (29)
v = 00* \ e .

The lower theoretical limit for T, is determined by (21):

()
2\ ¢ /J\/ '

It may be observed that except for the signal fre-
quency w,, all the parameters in (27) to (30) are diode
parameters. Inasmuch as this theory assumes a lincar
capacitance-voltage variation, while the behavior for
the abrupt junction is closely approximated by a square-
root relation, some arbitrariness is necessarily involved
in choosing the operating point on the diode capaci-
tance-voltage characteristic.’> Some plausible argu-
ments can be given in support of the procedure followed
in this paper. IFor establishing the admittance level of

He Imux = (30)

12 The quantity ACumax/C can be determined in closed form. See
S. Sensiper and R. D. Weglein, “Capacitance and charge coefficients
for parametric diode devices,” to be published. Proc. IRE, Corre-
spondence section.
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the diode, the mean capacitance seems a reasonable
choice. Thus

C = 6 =1 'Z(Cmax + Cmin) (31)

is used in (29). For establishing the value of €/C in
(29), the slope of the C-V curve of the diode is taken at
the point determined by the bias voltage. Optimum
bias voltage corresponds to maximum capacitance
swing (maximnm attainable g, and minimum noise
temperature) and is obtained for

V = V =1 2(Vconduction +| V breakdm\-n)-
Hence in (29)

(31a)

e m
C B+ |Vl

The value of Qp and f. to be introduced in (27) and (29)
also corresponds to the value of C given in (31).

With the above definitions, the measured parameters
pertinent to this experiment are listed in Table 1,

(32)

TABLE 1

Measured Derived
C,..u 2 .4 yyf | C 1 .5 yyf
Chiin 0.6 yyf cC/C 0.131 volt?
R, 4 ohmis i 26.5 kmc
v 3.0 volts (0] 8.6
B 0.3 volt ija 3.1 kme
m 0.44 !

Substituting the above values into (30) and (31)
shows that to first order, ,u,,.lmx=4.l.

The experimental verification of (28)-(30) (noise tem-
perature vs pump power) is shown in Fig. 2. The theo-
retical curve of Fig. 2 i1s fitted to Py=7 milliwatts and
Mol max>2.4, which is not at an unreasonable variance
with the theoretical value pslmex=4.1 found above.
(The actual value of g, could have been measured from
the reflection coetticient of the “cold cavity,” but this
had not been recognized at the time when the data were
taken.)

The experimental verification of (27) and (30) (noise
temperature vs diode temperature) is shown in Fig. 3.
To obtain the data shown on Fig. 3, the diode was
cooled by conduction using a highly-polished silver
plated copper rod which was placed in liquid nitrogen.
The lowest diode body temperature 7'y achieved in this
way was 150°K, as determined by thermocouple meas-
urements. The second-stage noise figure of 7 db never
contributed more than 15°K to the noise temperature
at the gain level used in the experiment (>20 db) but
was not subtracted from the measured values. On cool-
ing the diode to 150°K constant gain was maintained
by decreasing the pump power about 25 per cent, indi-
cating an increase in Qp by about 11 per cent. The diode
capacitance was not appreciably changed, so that no
retuning was necessary. The measured curve of noise
temperature vs diode temperature is compared on Fig.
3 to the theoretical curves corresponding to the two
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values of p, max=4.1 (calculated from diode param-
eters) and u,| ma=22.4 (corresponding to best fit for
data of I'ig. 2). The agreement between theory and
experiment is seen to be about as good as could be ex-
pected under the simplifying assumptions on which the
theory is based. In particular, the fact that a lincar
capacitance vs voltage characteristic is assumed in the
theory while the actual curve is not linear could well
explain the major part of the moderate discrepancy ob-
served between theory and experiment in Figs. 2 and 3.

IX. CONCLUSIONS

Expressions for the pump power and the noise tem-
perature of parametric amplifiers have been derived in
terms of directly measurable microwave circuit and
diode parameters. Experimental verfication has been
found to be adequate.

In the noise-temperature expressions, the effect of the
temperature of the various elements on the amplifier
noise temperature has been explicitly considered. The
possibility of reducing the single-channel noise tempera-
ture by coupling the idler circuit to an external cold
load has been pointed out. Further, the possibility of
substantially reducing the amplifier noise by cooling the
diode alone has been shown theoretically and experi-
mentally.
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The ultimate lower limit imposed by the diode pa-
rameters on the amplifier noise has been found to be a
function of the product (AC/C) times f.; this demon-
strates that a large capacitance swing is as important
as a high diode cutofi frequency.

The implication of this condition on the optimum de-
sign of a semiconductor diode is that the nonlinearity
of the diode capacitance characteristic as well as the
cutoff frequency should be maximized.

ArrENDIX |

EFFECTIVE IDLER-CIRCUIT TEMPERATURE

In line with the remarks in Section 1V-B, the follow-
ing expressions for the mean-square idler-noise current
arce applicable:
7‘2inllor . .
P = T',eff ((’ni + Gli + Gd{) = [‘uiGai + TIiGli + Tthlli-
4K

Hence,

Tt = (33)
14+ —+—
M. kh
where k;; is defined by
01 G
By = 2o G
Qu  Goi

ArpPENDIX [I
DoUBLE-CHANNEL NOISE TEMPERATURE

In this computation of the double-channel noise tem-
perature 71,. of a parametric amplifier, it is assumed
that if an output is also taken from the idler channel,
the idler input and output are separated by a circulator
in the same way as the input and output of the signal
channel. Further, account is taken of the fact that an
imput signal fed to one channel is amplified by and pro-
vides useful output power in both channels. let N,
be the noise power generated within the amplifier and
available at the output over the bandwidth Af,, where
Js is the center of this frequency band. Let G, be the
power gain for a signal of input and output frequency
£+ let Gi; be the power gain for a signal of input fre-
quency f; and output frequency f;. Then, according to
(10) and with Af;=4f,, the double-channel noise tem-
perature at the output frequency f, is

N,
- KAfl(Gu + Gil)

Tn2

(34)
With coupling for maximum gain-bandwidth product,

Wy
Gi, = <_') Gys.
Wy

35)
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Further, because in the double-channel case the idler
circuit is coupled to an input rather than to an external
load, the noise-power output corresponding to the am-
plified noise coming from this idler input is rot part of
the noise N, generated in the amplifier itself. lence,

1\72 = A\Yl - KT[.‘Gi.Af, (3())
where
Ny = KTulGnsAfn (37)
and
Afi = Af,.
Then, from (34)-(37),
1 @
T = ——(T,.; —— T,,), (38)
Wy w
1+ —
w;

where T,=T,=temperature of the conductance of the
input signal generator. (The idler “load” here is the in-
put signal generator.) Let

1 1
> 1, ki; > 1, and a<1+*+—>21.
ls Hs

Then, from (1V), (38), and with the assumption that
T.i=1T, (signal and idler circuits at same temperature),

1 Wy 1) | Wy 1 |
= — — S |
ki, w; kyi | Ms W, M
T,.z = | —l Ts + 1 B E— T,;. (3())
w ws
14+ = L1+ l
{ w; | w; J

In this particular case where couplings to the signal
and idler circuit are equal, b =k,=k, and u;=p,.
Then,

1 1
Tn2 = — T: + - Tzl-
kgs Hs

(IVe)

AprrExpix 111

OpTiMUM IDLER FREQUENCY AND Erricr
OF IDLER LOAD ON AMPLIFIER
NOISE TEMPERATURE

In the limit of low circuit losses, high gain, and under
the assumption of a perfect circulator, the single chan-
nel noise temperature of a parametric amplifier is given
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from (14) (with a—1) by:
T, 1 1 4 pi; 1+ pit;
1m=—l=—{1+mp——ii+a9————(w)
Ty TR ks 1+ u
where
Q= w,/w;
ti = Ty/Ta.

It is clear from (40) that to minimize t., u. has to be
minimized. With (18), this leads to the condition:

QK2

— (41)
1+ u;

v+ 1=

where

0b AC
T2 ¢

To minimize, £,1, © and yu, have to be optimized in (40),
taking (41) into account. This leads to the following op-
timum values for @ and p;, under the assumption of
high gain (a—1):

filopt = 0 \ (42)

1 .
opt — = . 43 )
" VI4+ K1) (

-
~

This result leads to the interesting conclusions that for
minimum single-channel noise temperature with low-
loss circuits:

1) there exists a definite optimum idler frequency;
2) the idler circuit should not be coupled to any ex-
ternal load.

In practice, the optimum idler frequency may be
often found rather high. It may then be desirable, at
the sacrifice of some deterioration of the noise tempera-
ture {1, to operate at an idler frequency lower than the
optimum. Under these conditions, © is no more a pa-
rameter but rather is prescribed, and u; alone can be
optimized. The optimum value of u; for given value of
Q is then found from (40) with the constraint (41) to be
different from zero, and the corresponding noise tem-
perature {,; can be reduced by use of an idler load cooler
than the diode (t;<1; p;>0). A practical situation
where ©<Q,, and where a substantial reduction of /£,
is obtained by having a cold idler load could be that of
a quasi-degenerate parametric amplifier where both sig-
nal and ilder frequencies are supported by a same cir-
cuit coupled to an antenna looking at a cold sky.
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Theory of Single-Resonance Parametric Amplifiers”

SYDNEY T. FISHER{, MEMBER, IRE

Summary—A parametric amplifier that supports a resonance at
the idler frequency only is capable of unlimited gain when operated
either as a straight-through amplifier or as a lower-sideband up-con-
verter. In the latter case, the idler frequency becomes the output
frequency.

The analysis of the single-resonance parametric amplifier con-
sists of determining the stability criteria and power gains associated
with a nonlinear capacitance that is incorporated in a network pro-
ducing a resonance at the idler frequency but not at the signal fre-
quency. The admittance matrix of the network is first established;
and then from this matrix the input admittances and the power-gain
expressions for straight-through amplification and lower-sideband
up-conversion are derived.

The single-resonance parametric amplifier, as contrasted with
one which is tuned at both the signal frequency and the idler fre-
quency, is, in principle, easy to adjust because there is only one
resonance. For this reason, the feasibility of continuously tunable
parametric receivers becomes immediately evident.

INTRODUCTION

menters have developed parametric amplifiers
that exhibited large gains and low noise figures.
A major characteristic of these amplifiers is their double
tuning, having tuned circuits at both the signal frequea-
cy and at the idler frequency. (In a lower-sideband up-
converter, the idler frequency becomes the output fre-
quency.) Because of this double-tuned characteristic,
adjustment of these amplifiers is a tricky and tedious
procedure; consequently, with the present state-of-the-
art, fixed-tuned operation is almost mandatory.

As demonstrated below, the tuned circuit at the sig-
nal frequency may be eliminated, allowing the design of
a simple-to-adjust, tunable parametric amplifier. If a
resonance is maintained at the idler frequency, the am-
plifier can be tuned to any signal frequency (within a
reasonable range) simply by tuning the pump. Tuning
the parametric amplifier, therefore, becomes analogous
to tuning an ordinary superheterodvne receiver. The
following analysis concerns both straight-through am-
plification and lower-sideband up-conversion.

)URI.\'G the past vear or two, various experi-

THEORY OF STRAIGHT-THROUGH
AMPLIFIER OPERATION

Admittance Matrix of a Nonlinear Capacitunce

Suppose a nonlinear capacitance is pumped at a fre-
quency w,, and that a small signal at a frequency
wy <w,/2 is impressed upon the nonlinear element; and

* Received by the 1RE, October 8, 1959; revised manuscript
received January 29, 1960.

t Research Division, Philco Corporation, 4700 Wissahickon Ave.,
PPhiladelphia, PPa.

further suppose that a voltage at the difference frequen-

cy, we=w,—w;i, i1s allowed to exist across the terminals

of the capacitance, but that the sum frequency, w,+w;,

is suppressed. Under these conditions the voltages across

and the currents through the nonlinear capacitor are
jwlCQ

given by the matrix equation?
T ]|
= y |
12* - jw2C1 - ng('o EQ*

I, and E, are the current and voltage at w;,

I and E; are the current and voltage at we (I5* indi-
cates a complex conjugate), and

Co and Cy are defined by

where

C(f) = Co + 2C1 COSw_,,[ + ZCQCOS Zw,,[ + SRORORS

Suppose that the time-varving capacitance is con-
nected in parallel with a two-terminal passive network
whose admittance at the frequency w, is given by

I'10 = GIT +j(Bl - wlco)y (2)
and whose admittance at w; is given by
Va0 = Gor + j(B2 — w:Co). (3)

This situation is shown in Fig. 1.

o— L
Yy — Yo — TWO-TERMINAL
?!C“, PASSIVE
Ypr —» | Yyo—> NETWORK
. — —

I'ig. 1—Nonlinear capacitance connected in parallel
with two-terminal passive network.

The voltages across and currents through the parallel
combination of C(t) and the network are related by the
matrix equation

I
Lo
. B
ir(1+45,)

— JjuCy

+ _iwl(‘l E,

B

UL . Rowe, “Some general properties of nonlinear elements.
11. Small signal theory,” Proc. IR, vol. 46, pp. 851 -860; May, 1958.

(4)
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From (4) we find that the admittance V7 of the
parallel combination at w, is

Vir = G| 142 ¢
1T = Uar J Gir . B,
1—57—
Gor
Gir |1 ¢
1T 1 +< B'z >2
( Ger
B B:/Gur .
il e -l ®
Gir - ( B. )“ J>
Gor
where
‘)C 2
o = et (©)
GirGar

The admittance of the parallel combination of ('(#)
and the passive network at w; is

Yar = Ger |1 4522 = — %]
Gor B,
= G
,{ «a
B vy
()
Gr
B, Bi/Gir
_— Gir

2
14 (ﬁ'> 0
Gir )

Eqgs. (58) and (7) show that the parameter a intro-
duces negative conductance at both frequencies, so that
the real parts of the admittances decrease as «a increases.
If & becomes large enough, the device will become un-
stable. If the real part of the total admittance at either
frequency is negative when the imaginary part is zero,
instability occurs.

Effect of Single Resonance

Let the passive circuit be so arranged that, when it is
placed in parallel with Cy, a resonance occurs at some
we =waq; so that, by using the narrow band approxima-
tion w2 — w2 <Kwap,

wa — W

By = Gor2Q ——— (8)

w0
where Q is the Q of the resonant circuit formed by Cyin
parallel with the passive network. Let it further be
stipulated that at the signal frequency, w, the passive
network in parallel with Cy gives a total susceptance By,
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which is nearly constant for small changes of frequency
about the frequency

w10 = wp — Wa,

where w, is the pump irequency.

Let
k= ©)
Gir
and
¥ = ZBi =202 ;O‘T (10)

where & is assumed to be constant over a small frequen-

cy range near wyo. The variable x is the number of half-

bandwidths of the idler tank by which ws deviates from

wao. The idler tank bandwidth is, of course, the ratio of

the center frequency, we, to the Q of the idler tank.
The admittance expressions now become

T = G [1 ¢ '(k *t >:|
e 1+ 1+ 12

(1)

and

Yor = G [1 ¢ +‘<- ok >:| (12)
o7 = Goar T jlx A 2

Instability occurs if there exist one or more real
values of x and k for which the real part of cither ad-
mittance is negative and the imaginary part is zero. If
a <14k there is no (real) value of x for which the real
part of either admittance is negative at the same time
that the imaginary part is zero. When aa=1+4£2, the real
and the imaginary parts of both Yir and Vyr vanish for
x =k, and marginal stability occurs. The device is un-
stable when a>14k2

Power Gain

The following example shows how the negative ad-
mittance characteristic of the pumped variable react-
ance device may be used as an amplifier. Consider the
circuit of Fig. 2, in which it is assumed that

i(h) = [ I.| cos (wil — ¢y)
(1‘11' = ZG + 14

- "
[ IV 1 T

i | | !
; ) O "§ | =cy ;«{cm 4
I - =1
Lo - ét

SOURCE <+ < 4

IDLER TANK LOAD

Fig. 2—Theoretical model of a single-resonance

<traight-through parametric amplifier.
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where g represents circuit and diode losses at wi,

Br = wi(Cy + Co),
Wl K1/ Cy,
1
VIC,

Wy =2

and Gap is arbitrary. In this circuit, Ga7 would consist of
diode losses at ws and the effect of 2¢ in parallel with
the bypass capacitor, Gy 1t is also assumed that

w] = W + Awy = Wiy — Aw,
where
Wiy = Wp — wan,

Awy = w2 — wa,

and w, is the pump frequency. The mechanism for
pumping the variable capacitor is not shown here.

A study of the circuit of Fig. 2 shows that the effect
of the bypass capacitor G, and of the idler tank consist-
ing of C'(f) and L, is to place the admittance Y,y across
the current source. The power gain is defined as the
power delivered to the load G divided by the power

available from the source. The gain is given by

-2

Gp= 4
P I ]r”'|2

4G? 1
Gir?
1
If Gyp=2G4g, and if g<G, (13) may be rewritten as
1
Gp = —

F(k, a, x) (14

in which

wiwa(1? wiaweCy?
a= —— = —
GirGor GirGor
B,
k= ~ constant,

Gir

Fisher: Theory of Single-Resonance Parametric Amplifiers
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B2 w2 — W
x = 20Q

G2’l‘ w20

2

and Q is the Q of the idler tank.

Maximum Gain and Frequency Response

The gain function, F(k, «, x), contains all of the in-
formation required to analyze the single-tuned para-
metric amplifier. The gain becomes infinite when x=4
and @ =14k For values of a less than this critical value
the gain is finite, and the value of x,, that value of x for
which the gain is maximum, approaches k& as the gain
approaches infinity.

The expression for F(k, a, x) is too complex to allow
expression of the gain and bandwidth of the amplifier in
closed form. The results shown in the following figures
were obtained by means of a digital computer which was
programmed to calculate F for various values ol the
variables k, «, and x.

I%ig. 3 shows the plot obtained directly from the com-
puted results for £=0.4. Similar plots were obtained for
other values of k. As the figure shows, the frequency re-
sponse is not symmetrical about the point of maximum
gain; however, for large gains, symmetry holds approxi-
mately over the amplifier bandwidth. For k=0, sym-
metry holds for all values of gain.

fin.a,n

x

Fig. 3—Regenerative gain of straight-through amplifier as a function
of the normalized idler frequency and of the stability parameter
a for k=0, where k denotes the normalized input susceptance.
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Fig. 4 shows the value of a (solid curves) needed to The double-tuned amplifier (gain)'2-bandwidth product
give a particular value of midband (x =x,) gain, and the approaches half this value as the gain approaches in-
value of x =x (dashed curves) at which this gain occurs. finity.!

Fig. 5 is a plot of bandwidth vs maximum gain. Since the As a result of the above analysis, the following simple
frequency responses are not symmetrical, the quantity rule may be stated: The voltage gain-bandwidth product of
Ax is the average value of the change in x giving a 3-db « straight-through parametric amplifier, resonant at the
reduction in gain from the maximum value, for constant  idler Jrequency only, is approximately equal to the band-
k and a. It turned out that the bandwidth-vs-gain  width of the idler tank.

curves are so nearly independent of the constant % that
a single curve is suthcient. From Fig. 5 it is evident that,
to good approximation, the single-tank straight-through
parametric amplifier obeys the law Lower-sideband up-conversion can also be used for
amplification. Consider again the matrix equation of
the nonlinear capacitance in parallel with the passive
network of Fig. 1:

1]

THEORY oF LOWER-SipEBAND Up-
CONVERTER OPERATION

(Gp)' Ay = 1,

B .
G| 1 SIS JanCy E,
| 1T
. = - (16)
A , B
0.8 - ]wgCl Gn' 1 -7 Ez*
2T
0.4 L Let Gy7 consist of the source conductance G, in parallel
F T __OJ with g, the total losses associated with the input fre-
S - — —— quency wy. Similarly, let Gor consist of the load conduct-

[ 40 80 € 28 32

ance Gq in parallel with gg, the losses associated with
ws, the output frequency. The power delivered to G, is

Froas Lh,@,0) IN db

Fig. 4—Curves of a and xo as a function of maximum gain and of

susceptance constant, k, where a is the stability factor and xp is ~ given by
the normalized idler frequency at which maximam gain occurs.

Poy = 5‘62' E2!2 = %Gzl Ey* |2- (17)
os The power available from the source is
N 1| nf
03 P:\vnil. = - * (18)
8 G
o ' Combining (17) and (18) gives
l vE_)* 2
| Gpm = 46162‘ ’ (l())
a3 g | l)
33 : ' where Ey*/ 1, is the transfer impedance relating voltages
2 ; | at we to currents at w;. From (16),
i : ' " wgﬂ(/'l‘l
G2 = 4G,Gy——— — —_——
003 . I),l . 1;2 2 ]
B v (151 5) e
|
I G G w da
| ’ l _ _l _2 _2 — PO (2())
' Gir Gar oy . B, . B, g
‘ 1+,-——){1—j -«
L i (ll'l' G‘Z’l'
REGENFRATIVE GAIN* 0 [n,0,01 IN db w here

Fig. 5—Relative bandwidth of single-tank straight-through para-
. i . : : . wywsCy?
metric amplitier as a function of regenerative gain. Dashed line _ @l
represents a device having a constant voltage gain-bandwidth o= _G '(," .
19°Crer

product equal to the bandwidth of the idler tank.
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In accordance with the notation used above, let

Bz We — W
x=-— =20
(l‘.”l' wap
and
B
Gy

where & is approximately constant over a small range of
frequencies,

W = wp + Awy
and
wio T we = Wp,
w, being the pump frequency. Eq. (20) becomes
G Gs we

Gz = — —
17T G‘.’T w

Gk, a, x) (21)

where G(k, a, x), the regenerative gain, is given by
o
(1 — o+ kx)? + (B — 1)
ta

S N %)
(1 — )+ & — 2akx + (1 + k)22 &

Gk, a,x) =

This expression is less complex than that of IF(k, «, x)
of the previous section, and the entire frequency re-
sponse may be plotted as a single curve, provided the
right variables are chosen. The denominator of G(k, a, x)
is minimum when

ka
IR E
In (22) putting ‘
ka
x = T + (v — x0)

gives

Gk, a, x)

+a

- - —(23)

(1 — o)+ k?<1 L k_}) + (1 + k) (x — xo)?

We recall that the device becomes marginally stable
when

a =14 k%
Let a new variable, ¢, be defined

o

IR

a

Fisher: Theory of Single-Resonance Parametric Amplifiers
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so that
e

a(l + k2).

In terms of ¢ and (x —xy), the gain expression becomes

G] G-.l w2
G2 = — - H{a,x)
('IT GZ'I' w1
where
{a
H{a, x) = —— —
1 —a)?+ (xr — xp)?
4a 1 29)
a (1t —a)? r — xo\?
t+ (" )
1 —a
in which
ka
g = =
14+ k2

FFig. 6 is a plot of the frequency response of an up-
converter whose single resonance is near the output fre-
quency, ws. The value of x—xo for which 7I(a, x) be-
comes half its maximum value, II{(a, x4) is given by

(25)

n—a=1—aq.

Double-tuned lower-sideband up-converters have ap-
proximately half this bandwidth.!

09

o8-

o7

oa

o)
Hia xp)

03

oz

Fig. 6—Normalized frequency response of single-resonance parametric
up-converter with resonance near the output frequency.
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The relative (gain)"2-bandwidth product for the up-
converter is given by

G Ga\'2fw\V?
(G,,)”2|x1—.\~0| = <— > < -> 2V a.

Gir Gar wi

(26)

For the lossless case, where Gy =G5 and G; = Gyr, this
rectuces to
/we
G| 1y = x| = ZVa — . (27)
wi
The actual (gain)'3-bandwidth product in cyeles per
second is

(GHV2BIV = 21/(1 o Bl (28)
Wi

where BV, is the bandwidth of the output tank circuit.

) 1
Bllg=— — .
2r Q

It can therefore be stated that, for the lossless case
and for large gains, the voltage gain-bandwidth product of
a parametric up-converter, resonant at the out put frequency
only, is approximately twice the bandwidth of the output

tank circuit times the square root of the frequency ratio.

(29)

Discussiox
The single-resonance parametric amplifier, with the
resonance occurring at the idler (or output) frequency, is
theoretically capable of unlimited gain.
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The main advantage of the single-resonance ampli-
fier, compared to the more conventional parametric am-
plifier which supports a resonance at both the signal and
the idler (or output) frequencies, lies in its relative ease
of tuning. This ease of tuning, stemming from the fact
that there is only one resonance instead of two, results
in the feasibility of a continuously tunable parametric
amplifier. If a single-resonance parametric up-converter
were followed by a fixed-tuned, conventional receiver,
the entire low-noise receiving system would be tuned
simply by adjusting the pump frequency and then care-
fully adjusting the pump power to give the desired gain.
I a straight-through parametric amplifier were used,
the following receiver as well as the parametric am-
plifier itself would have to be tuned to the signal fre-
quency.

The main drawback of the single-resonance paramet-
ric amplifier, compared to the double-tuned amplifier, is
the extra capacitance swing, and therefore pump power,
required to give adequate gain. The extra pump power
is required because ol the lack of a transformation net-
work to provide a high source impedance at the diode.
Such a transformation network would behave as a
resonant circuit at the signal frequency and is therefore
unacceptable from the standpoint of this treatment.

Another drawback is the unsymmetrical frequency re-
sponse of the straight-through amplifier. This might, in
some applications, lead to difficulties involving distor-
tion of coherent signals. This difticulty would not mani-
fest itsell in the single-resonance parametric up-con-
verter, which has a symmetrical frequency response.

Correction

Keith \V. Henderson, author of “Nomographs for
Designing Elliptic-Function Filters,” which appeared on
pages 1860-1864 of the November, 1958, issue of Pro-
CEEDINGS, has requested that the following correction

be made to his paper.

In (7) on page 1861, the first bracket should precede

the minus sign, 7.e.,

g(k) = exp[ -

@l
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The ““Persistor’’—A Superconducting
Memory Element”

E. C. CRITTENDEN, Jr.t, J. N. COOPERY, anp F. W. SCHMIDLIN{

Summary—The basic components of a Persistor memory ele-
ment are a superconducting inductor in parallel with a switch element
which is normally superconducting, but which becomes resistive
when the current exceeds a critical value. When a suitable current
pulse is applied to a Persistor memory element, a persistent circulat-
ing current is stored. A second pulse in the same direction as the
first makes no change, but a pulse in the opposite direction reverses
the circulating current and produces a voltage across the element.
By mutual inductance coupling to two or more driving circuits, these
memory elements can be made to operate in matrices similar to those
employed with ferromagnetic cores. Persistor memory elements
utilizing lead inductors and thin tin or indium films have performed
typical memory unit functions for pulses of 15-musec duration and a
repetition rate of 15 mc. Performance at higher speeds is possible.
The limiting speed is determined by the thickness of the thin film
switch element and can be made as fast as is useful for the other parts
of the associated circuits. The elements are well suited to compact
printed circuit production, with densities of a million per cubic foot
possible,

INTRODUCTION
& MEANS OF utilizing transitions between the
i

resistive and superconducting states in the opera-

tion of a computer component has been pro-
posed by Buck, who developed a circuit element called
the cryotron.! Buck’s cryotrons were made of fine
wires which had switching times of the order of a milli-
second-—too long to be attractive for computer applica-
tions. A different manner of utilizing superconductivity
in the operation of computer components® has been
devised for the purpose of obtaining a high speed and
compact memory. The primary circuit element, called
the Persistor memory element, involves the use of
superconducting thin films to form a loop in which cir-
culating currents persist until a new signal pulse arrives.
This memory element has been operated with read-in
or read-out times down to 15 musec with shorter times
possible. The underlving principles and experimental
data on the behavior of Persistor memory elements are
described in the following sections.

* Received by the IRE, November 3, 1959; revised manuscript
received, February 23, 1960. This work was supported in part by the
General Research Provision of contract between the Air Force and
Space Technology Labs., Inc., and in part by the Office of Naval Re-
search.

t Dept. of Physics, U. S. Naval Postgraduate School, Monterey,
Calif., and Space Technology lLabs., Inc., l.os Angeles, Calif.

1 Space Technology Labs., Inc., Los Angeles, Calif.

' D. A Buck, “The eryotron-superconductive computer com-
ponent,” Proc. IRE, vol. 44, pp. 482-493; April, 1956.

2 . C. Crittenden, Jr., “A computer memory element employing
superconducting persistent currents,” Proc. of the Fifth Internatl.
Conf. on Low Temp. Phys. and Chem., Madison, Wis.; August 26-30,
1957.

SUPERCONDUCTIVITY

In 1911, Kammerlingh-Onnes discovered that the re-
sistance of mercury falls abruptly to zero at 4.12°K
(indicated by the solid curve in Fig. 1); however, if the
mercury is cooled in a magnetic field, the temperature
for transition to superconducting behavior is lower (in-
dicated by the dashed curve).
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Fig. 1—Variation of resistance with temperature
for a superconductor.

When the critical magnetic induction B is plotted as
a function of the temperature at which a material be-
comes superconductive, the curves of Fig. 2 are ob-
tained for several metals which become superconduct-
ing. The intercept on the abscissa for each metal is the
transition temperature for that metal in the absence of
a magnetic field. The curves are roughly parabolic in
shape.

The magnetic induction can also be supplied in-
ternally by passing a current through the specimen.
For a cylindrical conductor the magnetic induction at
the surface is readily calculated and a curve of critical
current /. required to produce transition as a function
of temperature would have the same shape as the ap-
propriate curve of Fig. 2 for any given metal. For speci-
mens of other cross sections the problem is more com-
plicated, but there is still a definite critical current for
each temperature which switches the specimen from
superconducting to resistive.
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THE PERSISTOR MEMORY ELEMENT

For purposes of discussion, an idealized Persistor
memory element consists (Fig. 3) of an inductor L
made of a superconductor with a high transition tem-
perature in parallel with a resistance R constructed of
a metal having a superconducting transition tempera-
ture slightly above the temperature at which the de-
vice is to operate. In practice, the inductor L has been
made of lead and the switching element R has been an
evaporated film of indium or tin, but other choices
might be made. The component R is normally super-
conducting, becoming resistive only for a short interval
when storing a bit of information.

In operation, a current pulse is applied through the
leads I of Fig. 3. Let the magnitude of this pulse be
2 I, where [, is the critical current for R. Both the in-
ductor L and the switch element R are initially super-
conducting. For purposes of discussion, it will be as-
sumed at first that R has negligible inductance com-
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Fig. 2—Critical magnetic induction B for cessation of superconduc.
tivity as a function of temperature for several superconductors.
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Fig. 3—Idealized Persistor memory element.
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pared to L. Hence, the initial current change occurs al-
most entirely through the element R. The current
I rises rapidly until the current becomes great enough
to produce a transition to the resistive state when
I =1, the critical current. A potential drop then ap-
pears across R. The current in the inductor L increases,
while the current in the resistor decays to approxi-
mately the critical current I... If the pulse is terminated
at a time when the current g has fallen approximately
to /., the current through R drops rapidly and the cle-
ment develops superconducting behavior. During this
time, the currents through R and L change by the
same magnitudes as their initial changes but in the op-
posite sense. Thus, a current equal in magnitude to the
increase in current through the inductor while R was
resistive now returns through R leaving a closed loop
persisting current. Under favorable circumstances a
current of as much as /. can thus be stored. The current
pulse and the corresponding currents through R and L
are shown in the left portion of Iig. 4.

The bottom trace of Fig. 4 shows the potential differ-
ence Iz across the clement. The dashed curves repre-
sent a “derivative signal,” which arises from the fact
that the switch element R has a small inductance across
which an electromotive force proportional to the time
rate of change of current is developed. Such a deriva-
tive signal acts as a spurious pulse, but it can be elimi-
nated by doubling back one of the leads for measuring
voltage (Fig. §) in such a way that an equal counter
clectromotive force is induced in this voltage lead. Such
back-coupling was done in the experimental tests, but
in some cases complete cancellation was not quite
achieved and a small derivative signal remained.

The first pulse applied to a Persistor memory ele-
ment establishes a circulating current which continues
until another pulse arrives. The response to a new pulse
depends not only on its magnitude but also on its diree-
tion.

Consider a second pulse of magnitude 2/, opposite
to the pulse which established the circulating current.
This pulse and its effects are indicated in the central
part of IYig. 4. In this case the current through R is
driven from —/, downward toward —3/,. The cle-
ment R becomes resistive and [ decays back toward
— 1. At the same time, a negative current builds up
in the inductor L. If the pulse is terminated at the ap-
propriate time, the current in R goes through zero to
+1.. Now the Persistor memory element stores a cur-
rent +/lcin Rand —/.in L. Meantime the voltage pulse
I” has appeared uacross the Persistor memory element
as indicated in the fourth line of Fig. 4.

On the other hand, if a pulse of magnitude 2/, is
applied in the same direction as the preceding pulse,
the behavior is as shown in the right portion of Fig. 4,
In this case the current in R is changed from +1/, to
—I.. Since it does not exceed the magnitude of I., the
clement R does not become resistive and no current
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decay occurs. llence, upon removal of the pulse the
current in R reverts to [., and the previously existing
circulating current is restored. In this case, no voltage
pulse appears across the element. The element thus has
a memory represented by the direction of a circulating
persistent current. Interrogation is accomplished by ob-
serving the presence or absence of a voltage pulse on
application of a current pulse to the memory element.
If the interrogating signal evokes a response, the
memory current is reversed.

Returning to the first pulse, it should be pointed out
that the response of an element to the first pulse dif-
fers from its response to later pulses hecause no memory
current has yet been established. The pulse shown in
the figure for the first pulse is shorter in time than later
pulses. Pulses of the same length as later pulses can be
employed, but in this case the element requires several
alternating polarity pulses when first used before the
ideal behavior is achieved.

The separation of the circuit into a pure inductance
and a pure “resistance” is not necessary tor the opera-
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Fig. +—Behavior of current and voltage as a function of time for an
idealized Persistor memory element operated singly (not in an
array).
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Fig. 5—Two forms of back coupling to eliminate L(d1/dt)
or derivative signal in the switch element R.
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tion of the memory element. In practice, the switch ele-
ment R has inductance, but significantly less than that
of the inductive component L. The memory functions
equally well under these circumstances.

Two early working memory elements are shown in
Fig. 6. The unit at the left has an inductor of roughly
4.5 turns of lead wire with an inductance of about 0.2
ph. The unit at the right, made by printed circuit tech-
niques, consists of six turns of plated lead conductor
and also has an inductance of 0.2 gh. In cach case the
switch element is an evaporated tin film about 0.7 u
thick. The switch clement on the left was deposited on
mica, the one on the right on the plastic backing of the
printed circuit. The rather large thickness of the switch
elements restricted operation to the microsecond range
and required the large coils shown. Present elements are
made by evaporating tin or indium onto optically pol-
ished glass. Fig. 7 is a photograph of such an element,
although it has a greater width than usually used. The
elements usually are of the order of 5 mm long, 60 u
wide, and 0.10 g thick with resistance of 1 to 5 ohms
when resistive at low temperature. The enlarged ends
of the element are provided to avoid contact difhcul-
ties. Bulk indium has been soldered to the glass in these
arcas before deposition of the thin film. A Persistor
memory element is made by combining such a switch
element with a small loop as an inductor. Fig. 8 is a
photograph of 2X2 array of Persistors and coupling
coils for memory array operation, the entire circuit pro-
duced by evaporation in high vacuum. The results to
be described in this paper are the properties of single
Persistor memory elements, and the manner in which
these relate to single operation or operation within ar-
rays.

Fig. 9 shows the response of a Persistor memory
element to pulses of 140-musec duration. These slow
pulses have been used to make the details of operation
visible. Both current and voltage traces are shown, with
the voltage traces inverted for visibility. The current
pulse is the upward pulse in the left side of the picture
in each case. IFor the upper half of Fig. 9 current pulses
ol alternating sign have been applied. Clearly, each
time a full pulse of opposite sign is imposed upon the
memory element, the switch element becomes tem-
porarily resistive and a circulating current is established
in the opposite sense. The circulating current remains
until an opposite pulse is applied. A period as long as two
hours has elapsed between pulses with no evidence of
any decay. Although no longer tests have been made on
Persistor memory elements to show that the super-
conductor currents can persist indefinitely, it is known
that persistent currents have existed in closed super-
conducting circuits for vears with no observable diminu-
tion.

In the lower half of 1°ig. 9 there is a repeated current
pulse always in the same sense. In this case, the switch
element never undergoes a transition to the resistive
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Fig. 6 -Larly Persistor memory elements.

Fig. 7—Switch clement deposited on one-inch diameter

optically polished glass disk.

phase, and thercfore the memory element gives no sig-
nificant output pulse. The small pips are derivative
signals which were not quite cancelled by the back-
coupling described above.

The switching which occurs after the current exceeds
I., of course, is not instantaneous. In practice, for single
memory elements (not operated in multi-dimensional
arrays) the pertinent switch time is that which occurs
on application ol a pulse of magnitude 3/.. As will be
shown later, this switch time depends on switch cle-
ment thickness and can be made to be in the range 1 to
10 musec. Memory elements can be made to optimize
the performance for any specific pulse length by choos-
ing the proper L/R ratio. In general, the sum of the
switch time and L/R should be set equal to the pulse
length, and the switch time should be less than half of
L/R.
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Fig. 8—A\ 2X2 Persistor array produced by vapor deposition.

Fig. 9—Response of Persistor adjusted for slow pulses 1o show
detail. (‘Time scale: 0.1 psec per large division.)

The behavior of a single memory element operating
with a pulse length of 15 musec (at half maximum) is
shown in Fig. 10. This pulse is about the minimum re-
solvable by the Tektronix 517\ oscilloscope emploved.
The upper trace shows the voltage response to a cur-
rent pulse as shown in the lower trace after a preceding
current pulse of opposite polarity. The middle trace
shows the null response to a current pulse of the same
height but preceded by a current pulse of the same
polarity. The small signal results from incomplete can-
cellation of the derivative pulse. The switch element
was a tin film 0.06 u thick and 60 u wide.

Puase TraxsiTioN 1IN THIN Fiiwms

The potential usefulness of the Persistor as a com-
puter component depends greatly on the speed with
which it can perform the required switching operations.
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Fig. 10—Response of Persistor adjusted for use with 15-musec
pulses. (Time scale: 20 musee per large division.)

A fundamental part of this memory device is the switch
element R which must become resistive when the cur-
rent in it exceeds a critical current and must promptly
return to the superconducting phase when the current
falls below this eritical value. The transitions from
superconducting to normal and return are very similar
to changes in metallurgical phase. Thus, the thermo-
dynamic properties of a superconductor resemble those
of allovs having an order-disorder transition: in the
normal or resistive phase the conduction electrons are
in the disordered state, while it the superconducting
phase they are highly ordered.

The behavior of critical current is somewhat more
complicated than has been implied up to this point. A
typical curve of de eritical current I, as a function of
temperature is shown as the solid curve of Fig. 11. The
specimen was a film of tin 5 mm long, 60 p wide, and
0.06 g thick deposited on optically polished glass, as
shown in Iig. 7. The specimen had a resistance of 6
ohms when resistive at low temperature. The de eritical
current required to cause switching was measured with
the help of a circuit which slowly increases the current
until the specimen switches, then drops the current to
zero within a microsecond. This circuit permits meas-
urement under conditions where I*R heating, il sus-
tained, would destroy the specimen.

The vertical discontinuity in the curve of Iig. 11 oc-
curs at the helium lambda point (2.186°K) where the
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Fig. 11— Critical current as a function of temperature.

thermal conductivity of liquid helium abruptly be-
comes exceedingly high. This large change in thermal
conductivity is a valuable tool in separating thermal and
magnetic effects. Below the lambda point, the tendency
of helium 11 to creep along the surfaces of the cryostat
results in a more rapid loss of helium, but this is not
troublesome.

The de eritical current below the lambda point is ap-
proximately fitted by the function I./l..=1—(1T/T¢)*"
This function, extrapolated to the critical temperature,
is shown as the dashed curve in Fig. 11. It will be useful
later to relate pulse heights employed in switch speed
measurements to the values of current given by this
equation. Such current values will be termed the extra-
polated dc eritical current I..

The discontinuity in I, at the lambda point shows
that the de switch behavior at temperatures above the
lambda point is not ideal magnetic switching. Instead,
the specimen appears to initiate its switch in the vi-
cinity of some small imperfection. Joule heating then
develops, raises the temperature locally and causes the
normal region to grow, sweeping toward the two ends
of the specimen. An oscillograph photograph of voltage
as a function of time is shown in Fig. 12 for a specimen
held at 2.26°K. A long pulse of current amplitude equal
to dc critical was used. 1t appears as the rectangular
pulse in IFig. 12. The first, and steeper, of the two slop-
ing regions of the voltage curve corresponds to the rate
of rise of resistance as both ends of the normal region
sweep along the specimen. Since the imperfection re-
sponsible was not in the center of the specimen, one of
the boundaries reaches one end of the specimen first.
After this, the slope is reduced to approximately half
its previous value as the other boundary sweeps toward
the other end of the specimen. Similar behavior has
been observed by Bremer and Newhouse® after trig-

3 J. \W. Bremer and V. L. Newhouse, “Thermal propagation ef-
feets'in thin superconducting films,” Phys. Rev. Letts., vol. 1, p. 282;
Octoher, 1958,
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gering a specimen with an external applied local field.
The magnitudes of switch times observed at the de
critical current for temperatures above the lambda point
are of the order of one millisecond per centimeter of
length.

Although a large rise in thermal conductivity of the
liquid helium occurs on lowering the temperature below
the lambda point, the switching behavior on applica-
tion of the dc critical current is similar to that above
the lambda point temperature. Fig. 13 shows a speci-
men switching at de critical current at a temperature of
1.74°IK.

If the current through the specimen is increased
slowly from zero, for some specimens in certain tem-
perature ranges, the voltage across the specimen does
not remain zero right up to the dc critical current. The
current at which any detectable voltage appears will
be termed the threshold current I,. The dotted curve
of Fig. 11 represents the threshold current I, as a func-
tion of temperature for that specimen. The threshold
current was measured by displaying voltage vs cur-
rent on a Tektronix 545 oscilloscope and sweeping the
current from zero to dc critical in about 0.05 second.
This permitted use of an ac preamplifier unit with a
vertical sensitivity of 50 upv/cm. At cach tempera-
ture, curves were recorded photographically for two
vertical sensitivities, one millivolt per large division and
50 wv per large division, the latter trace displaced up-
ward on the oscilloscope screen for clarity. These traces
permitted approximate extrapolation to the current at
which the voltage drop was zero. A representative pair
of such traces is shown in Fig. 14. The onset of voltage
drop in this element was estimated to occur at 6.7 di-
visions. The curve of threhold current in Fig. 11 differs
from the dc critical in two regions, near the transition
temperature and at temperatures below the lambda
point. In both temperature ranges an imperfection is
presumably able to concentrate the current locally to a
suthcient extent to cause local magnetically induced
transition. As this transformed region further concen-
trates the current, a small width band of normal metal
must form across the specimen, and this causes a small
resistance to appear. If the current is small enough or
the heat transfer good enough, the boundaries of this
region may be stable and not sweep along the specimen
until higher current is reached. This is the case near the
critical temperature 7T.. At lower temperature the
threshold curve joins the critical curve because the local
heating is great enough to cause the boundaries to move
at the current at which initial magnetic transition oc-
curs. For temperatures below the lambda point the
great increase in thermal conductivity of the liquid
helium causes the boundaries of any small transformed
region to Dbe stable again.

As a means of characterizing curves such as Fig. 11,
the critical current below the lambda point extrapolated
to absolute zero, I.,, is useful. /. varies with temperature
approximately according to [I./I,=1—(T/1.)% Tor
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Fig. 12—Indium at 2.26°K. Voltage vs time for switching at dc
critical current at temperature above the helium lambda point.
(Time scale: 100 usec per large division.)

Fig. 13—Indium at 1.74°K. Voltage vs time for switching at de¢
critical current at temperatures below the helium lambda point.
Time scale: 2 usec per large division.
I 4
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Fig. 14—Voltage-current curves to establish the threshold current
fe Upper and lower traces—350 pv and 1 mv per lurge division,
respectively.

very thin films, less than 0.03 u, I. varies less rapidly
than this function indicates. The fourth power func-
tion above has still been used for extrapolation for lack
of a better function, but the curve has been fitted at
2.0°K when deviation is appreciable.

Values of ., are plotted as a function of width in Fig.
15 for indium films 0.06 u thick. The value of 7., is es-
sentially linear with width. The variation of I,, with
thickness is shown in Fig. 16 for indium films 60 g wide.
As thickness increases, the slope of this curve decreases
and the element becomes less and less sensitive to thick-
ness.

For tin the value of I, for elements 60 u wide and
0.06 u thick is 150 ma as compared with 135 ma for
indium for this same width and thickness.

SwitcH TiMEs

In order to make numerical measurement of the
switch delay time, a time 7 has been defined as the time
for the resistance to rise to one half its full value after
the application of a rapidly rising current pulse. In
practice, current pulses having rise time of about one
musec were used. The oscilloscopes employed were a
Tektronix 545 with a rise time of 12 musec and a Tek-
tronix 517A with a rise time of 7 musec. The rise time of
the current pulses employed was established as being
about 1 musec by means of an Edgerton, Germeshausen
and Grier oscilloscope having a rise time of 10-1° gec-
onds. Unfortunately, no preamplitier was available to
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Fig. 16-—Values of dc critical current extrapolated to 0°K as
a function of thickness for 60 x wide indium specimens.

take advantage of this oscilloscope for the low level
sighals sometimes encountered in the superconducting
switch time measurements. The switch times reported
are the delay between the half-rise points for the cur-
rent and for the voltage traces as observed with oscillo-
scopes having rise times of either 7 or 12 musec. Delay
resulting from the time-of-flight in the cables is ob-
served by raising the temperature of the specimen above
the critical temperature so that it behaves as a normal
ohmic resistance. Such cable delays were usually of the
order of 20 to 30 musec, and were subtracted from the
observed delay to obtain 7.

The observed switch delay time is a sensitive func-
tion of the pulse current. If a given switch time is se-
lected and the pulse current required to produce this
switch time is measured as a function of temperature,
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the pulse current falls on curves as shown in Fig. 17.
The curves having no discontinuity in this figure are
found to be fitted by the function 1,/1,,=1—(T/T.),
where 7, is the pulse current extrapolated to absolute
zero of temperature. Pulses just slightly higher than
de critical have a discontinuity at the lambda point as
shown by the dashed curve of Fig. 17.

As the pulse current is increased above the dc critical,
switching proceeds by more and more rapid motion of
boundaries toward the ends of the specimen. The switch-
ing also begins to initiate at a number of points along
the specimen, so that the voltage first rises rather
abruptly after an initial delay, after which there is a
slower rise corresponding to the boundary motion. At
a rather definite current value the initial rise becomes
the full switch. Under this condition the specimen is
presumably undergoing a magnetically initiated switch
simultaneously all along its length. This current will be
termed the simultaneous switch current /,. This pulse
current is the minimum for a fast full switch, z.e., lower
pulses require a considerably longer tinte to reach full
switch because of the gradual rise following the initial
switch. For good quality specimens, /, at any tempera-
ture is approximately 1.25 times /,, the dc critical cur-
rent extrapolated to that temperature from below the
lambda-point temperature (given by the dashed curve
of Fig. 11). The switch delay times 7 associated with
pulse currents [, are found to be constant, independent
of temperature. A curve of I, vs 1 follows the function
L/1,,=1—(T/T.)* (Fig. 17).

FFor the purpose of plotting switch time vs current at
a given temperature, it is convenient to use the ratio of
pulse curreut to the extrapolated dc critical current ..
Switch times as a function of ///, are shown in Fig. 18
for an indium specimen 5 mm long, 60 p wide, and
0.15 u thick. This curve shows two regions having dis-
tinctly different slope. These regions correspond to dif-
ferent switching mechanisms. For pulse heights in the
region of steeper slope, i.c., smaller 1/1,, measurement
of voltage as a function of time during the switching
process vields traces such as shown in Fig. The
switching here proceeds by a localized transition near
an imperfection, followed by motion of boundaries of
the transformed region toward the two ends of the
specimen. The region of smaller slope. corresponding
to higher 1/1,, is the region of fast switch. The break
in the curve occurs at a pulse current which causes the
mitial fast switch to develop one-half of the normal re-
sistance of the specimen; the remainder of the resist-
ance develops slowly. This interpretation is supported
by Fig. 19 which shows the voltage vs time behavior of
a 0.06-u tin specimen for three different pulse currents.
Both current and voltage traces are shown, with the
voltage delayed after the current due to both the switch
delay time and a cable delay of 28 musec. The voltage
sensitivity has been adjusted to give a full response ex-
actly reaching the height of the current trace. The sensi-
tivities are constant in all three picturesso that the rela-
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tive size of the current pulses can be estimated from the
scale. The lowest trace does not reach full switch in the
picture, the next reaches full switch after a final gradual
rise, and the top trace is the switch for a pulse current
I,, just critical for a fast switch. Because of this be-
havior, fast response ina Persistor memory clement re-
quires a current pulse /, or greater.

The switch delay time associated with the curve of
I, vs T is found to depend on specimen thickness, but
not on width or length. The switch delay time as a func-
tion of thickness is shown in I"ig. 20 for indium. As the

| —— T 1 T —‘
|
L
20 T INDIUM
o Np 60u WIDE t
CHUSS 5 ~O 0124 THICK
it N
) N N .
~ . AN
80 T~
\
h ——
160 N A
s ~ o\
140 t
A \
H o \ . |
%120 N .
= \J % i
100 « \ N\
) \
80 N h
AN
60 \
\
. el
40 t . }
20| f LY
'7 19 21 23 25 27 29 31 33 35
T, °K
Fig. 17 Values of critical current for simultaneous switch

along the specimen I, as a function of temperature.

107
e
INDIUM
A4 THICKNESS 15u
Lo e
o o
©
@ \
‘} Ol t - - 4
5 ¥ |
W
3 A}
= X
r 05} t
© @
S|
g | [ { {
02— - I N T
FAST | ~ !
FULL ) |
ol + {SWITCH | { 1 =
11, | \'\\
{ 1 |
L | | AN
e 1 1.2 13 14 15 16 17
/1,

Fig. 18—Switch time 7 as a function of pulse current,
expressed as I/1,.

PROCEEDINGS OF TIIE IRE

July

thickness increases, the switch time increases smoothly
up to a thickness of about 0.25 u. At this thickness, the
switching behavior becomes more complicated, and it is
no longer possible to set a definite current pulse height
at which the initial rapid rise of voltage proceeds com-
pletely to a value corresponding to full switch. Appar-

Fig. 19-—Switching behavior for currents approaching I, at
T'=2356°K. ('Time scale: 20 musee per large division.)
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Fig. 20—Switch time for pulses of amplitude I, as a function
of specimen thickness for indium.
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ently a more complicated mode of switching becomes
possible at thicknesses greater than this.

The fast switch behavior of tin is similar to that of
indium, but with slightly higher pulse currents required
at a given temperature as would be expected. The delay
time for pulses of height [, is 10 musec for films 60 p
wide and 0.06 g thick, identical with that for indium.

Dependable elements have been produced at a thick-
ness of 0.03 wof both tin and indium. Probably elements
can be produced down to about 0.01 g, limited at the
lower end of this range by imperfection problems.
Referring to Fig. 20, the switch time for 0.01-p films for
pulses of height 1, is estimated to be 1 to 2 musce.

In pulse operation of a switch element such as in a
Persistor memory element, it is also of interest to know
the pulse critical current, i.e., the size of a pulse that
will just fail to initiate any switching. Unfortunately,
current pulses of height equal to or slightly greater
than the threshold current /, prove to cause threshold
switching. The time delay of this switching is of the
order of a few millimicroseconds. Only a tiny fraction
of the full switch occurs, but this is suthicient to cause
degradation of memory current, if permitted. In tem-
perature regions where the de critical and threshold cur-
rent coincide, the same type of threshold switching
occurs at the dc critical. Thus the pulse critical current
must be taken as the threshold current.

REcoviERrY Tive

The time required for a switch element to switch back
from normal to superconducting, hereafter called the
recovery time or a#—s transition time, is as important
as the transition time for the superconducting-to-nor-
mal (s—n) transformation previously called the switch
delay time. Measurements of the recovery time show
that it is of the same order of magnitude as the s-n
transition time for properly chosen pulses. Possibly, the
short recovery time is associated with the existence of
many isolated superconductive domains trapped by the
current pulses in the generally resistive switch element.
A specimen in such a condition is described as being in
the intermediate state—a state which occurs for many
other situations' throughout the field of superconduc-
tivity. The presence of superconducting nuclei through-
out the switch element may well be required for short
recovery times, since it is known that the nucleation of
superconducting domains is a slow process.

MULTIDIMENSIONAL ARRAYS

I the experiments described above, the memory ele-
ment was driven by direct application of a current
pulse. Memory elements have been driven by inductive
coupling as shown in Fig. 21. Tlere, two mutual in-
ductance coils My and M. were coupled to the induct-
ance L of the Persistor. The amplitudes of the pulses in

1 D. Shoenberg, “Superconductivity,” Cambridge University
Press, Cambridge, Eng., pp. 21-25, 103-110; 1952.
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coils M, and M, were made equal and of sufficient mag-
nitude so that coincident pulses from the two coils
caused reversal of the memory current, while individual
pulses from either coil had no effect on the memory cur-
rent.

Mutual inductance drive could be used for an array
such as that of Fig. 22 in which a memory unit lies at
each intersection of vertical and horizontal lines. Each
horizontal wire feeds the coils Ay of the memory units
in one row and, similarly, each vertical wire drives the
coils M. of one column. The diagonal lead in the dia-
gram would connect in series the output from the switch
elements R of each memory unit. Thus, a given memory
unit could be selected from this array by pulsing simul-
taneously the horizontal and vertical wires intersecting
at that unit. The reversal of the memory current in this
element would be detected by the presence of a voltage
output in the diagonal lead. The operation would be
similar to that of the matrix array system used for small
ferromagnetic cores.

Three, or even more, dimensional operation may be
possible so far as the operation of individual Persistors
is concerned. Yor three or more dimensional arrays, the
number of leads into the cryostat and the number of
pulsing circuits would be greatly reduced. If V is the
number of Persistors in the cryostat, only 3v/N 41
leads are needed for three-dimensional operation, while
2/ N41 leads are required for two-dimensional opera-

MILM2

VR

Fig. 21—Schematic diagram of mutual inductance diive
for a Persistor memory element.

Fig. 22—Schematic memory array.
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tion. Thus, for a million Persistor memory, 301 leads
are required in a three-dimensional arrav, while 2001 are
needed in a two-dimensional net. Difficulty with inter-
connections between layers of Persistors seems a prob-
lem for three-dimensional operation, although an in-
teresting feature of superconductivity may give some
help.> No resistance is reported to appear if a pair of
superconducting metals are separated by a nonsuper-
conducting layer as thick as 0.02 u. Thus, relatively
poor contacts can presumably be tolerated.

Operation of 1Two-Dimensional Arrays

In the operation of a Persistor memory bank, it is
important to choose pulse currents which give optimum
performance and which give some leeway for minor vari-
ations in pulse size and switch element characteristics.
Some insight to a sound choice of pulse current can be
obtained from a consideration of the conditions which
must be satistied for a two-dimensional array. First, the
simultancous arrival of two pulses in the same direction
must produce fast switching for which a total pulse cur-
rent of /, is needed. Second, a single pulse superimposed
on the memory current must not produce switching.
Third, two simultancous pulses in the direction opposite
to that of the memory current must not produce switch-
ing. These conditions may be represented by the in-
equalities

2P+ M > 1, (1)
r+M<I, (2)
2 — M < I, (3)

where M represents the memory current, P the magni-
tude of the external pulse fed to either a row or a col-
umn of the matrix, and [, is the threshold current.

For simplicity, let m=M/1,, p="/I, and a=1,/1,.
Then, after dividing through by 1,, the inequalities may
be rewritten:

2p4+m>1 4
P+ m<a (3)
2p—m< o (6)

These three conditions restrict operation to the tri-
angle bounded by the lines 2p+m=1, p+m=a, and
2p—m=ca shown in Iig. 23. The practical operating
region is thus the triangle shown shaded in Fig. 23.

The uppermost lines of Fig. 23 have been drawn for
the case of a=0.7. Inspection of this diagram will show
that reducing a corresponds to sliding the two lines
2p—m=aand p+m=a downward, keeping their direc-
tions constant and changing their intercepts on the
vertical axis to the new values of a and a/2, respec-
tively. The smallest possible useful value of « corre-
sponds to the case in which all three lines intersect at a

5 H. Meissner, “Measurements on superconducting contacts,”
Phys. Rev., vol. 109, p. 686; February, 1958,
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Fig. 23—Diagram delineating permissible operating
range for a two-dimensional array.

point. Solving for this condition, one finds a=? as the
minimum value. Under these conditions p=2 and m
=3, or ’=21/5 and M=1,/5 It would normally be
advisable to operate under conditions giving a finite
operating area rather than a point to allow for uncer-
tainties in pulse height and switch element charac-
teristics.

The requirement that o be 2 or more can be met for
real switch elements, but the requirement is a stringent
one. Fig. 24 shows values of & as a function of tempera-
ture for specimens of indium and tin 60 g wide and 0.1 u
thick. The values have been calculated from data sim-
ilar to that of Fig. 11 and Fig. 17. It can be seen that «
is § or greater for the indium only for temperatures less
than about 2.4°K. For tin this is true only for tempera-
tures less than about 2.6°K.

Fig. 25 shows oscillograph traces for operation of an
indiuni element with values of « as in Fig. 24 at 2.2°K
under conditions satislying the requirements for two-
dimensional matrix operation. Primarily, this means a
choice of pulse length relative to L/R for the element
such that the current in the switch element will decay
from I, to 0.6 I, during the pulse. This conies about be-
cause the decay must be twice the memory current,
which in turn is /,/5. The switching current in the ele-
ment is initially 2P+ 3/ =1,. The time constant thus
must satisfy 0.6 =¢ VL oiving L/R=2.0t. To make
the details of operation clear a long L/R of 420 mpuscc
was chosen. The pulse length used was then 210 mpsee
(at full amplitude). The current and voltage traces
are superposed on alternate sweeps with an electron
switch circuit, but with the voltage trace inverted
for visibility. The current pulses are the more rectangu-
lar pulses. The upper set of traces shows the behavior
with alternating polarity but equal height current pulses
(each 2P). The middle set of traces shows the behavior
with the second current pulse reduced to half height (7).
The lower set of traces shows the response with the sec-
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Fig. 24— Values of (1,/1.) as a function of temperature
for tin and indium.

Fig. 25—Oscillograph traces for Persistor memory element operated
under conditions required by two-dimensional array, adjusted for
slow speed to show detail.

oud current pulse increased to the highest value which
will not produce a signal. This latter pulse height, how-
ever, is large enough to produce degradation if repeated
many times. The specimen has a 4.0°K resistance of 1.6
ohms. Its value of 7, at the operating temperature of
2.2°1< is 190 ma. The applicd current pulse (27) is 150
ma. The peak voltage signal is 0.28 volt as compared
with the ideal value of I,=R=0.30 volt.

Operation of a two-dimensional matrix with values of
alpha below 2 is possible but degradation of the memory
current is produced by the half-select pulses for other
elements in the row and column of an interrogated ele-
ment. This behavior can be illustrated by a test pulse
pattern such as indicated in Fig. 26.

After a number of full-height alternating forward
and reverse pulses a sequence of # half-select forward
pulses is applied. The voltage response VV on interroga-
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Fig. 26—Pulse pattern employed to test for degradation
by threshold switching.
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Fig. 27—Response on interrogation at end of text pattern of Fig.

26 as a function of the number » of half-height pulses.

tion with a full-height forward pulse is then observed
as o function of n. Fig. 27 shows curves of 1" as a func-
tion of n for several different full-height pulse magni-
tudes for the same indium specimen as in IVig. 24 op-
eritted at 3.27°KK. As can be seen, serious degradation
of response occurs due to threshold switching. Another
consequence of this degradation of the memory current
is that a full-height reverse pulse begins to produce a
response. A large computer could not tolerate either of
these effects. These tests applied to the same clement,
but at 2.2°K where a=0.67, gave no degradation and
no reverse response signal for any number of pulses,
tested up to n=300,000.

Operation of Three-Dimensional Arrays

The extension to N dimensional arrays is straightfor-
ward. For a diagram similar to I'ig. 23, operation is re-
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stricted to a triangle bounded by the lines Np+m=1,
(N=1)p+m=a, and Np—m=a. The critical condition
for operation, .e., with operating triangle shrunk to a
point, vields a minimum value of a=(2N—1)/2N+1);
correspondingly p=2/(2N41) and m=1/(2N+1). Ap-
plying the above to the case of a three-dimensional
array, the critical conditions are a=5/7, p=2/7, and
m=1/7. For the films for which data are plotted in Fig.
24, a=5/7 can be realized for temperatures below 2.0°K
for indium or below 2.3°K for tin.

HEATING LIMITATIONS

Since a small amount of Joule heating occurs during
the time that a memory element has its switch element
in the resistive state, repetitive pulsing of any one ele-
ment with pulses of alternating sign will presumably be
limited by the rate at which the substrate and the liquid
helium can remove heat. The tests on a Persistor mem-
ory element employing an indium switch element 60 p
wide and 0.06 u thick showed no measurable heat load-
ing for a 15-mc repetition rate for alternating pulses of
30-musec duration. This was the highest possible repeti-
tion rate with the equipment available.

CHOICE OF MATERIALS

There are nine pure superconducting metals which
might be considered for use in switch elements for
Persistors. Most of the data reported in this paper relate
to indium (7,=3.43°K). Some data are included for tin
(3.74°K), which behaves much like indium. The other
materials have disadvantages of varving degree. Be-
ginning with the materials of higher transition tempera-
ture, lead (7.22°K), although easy to evaporate, re-
quires large magnetic fields to produce transition, as well
as having a high T.. This is reflected in large critical cur-
rents at working temperatures (2° to 5°K), and large
heat evolution occurs in the normal state. This leads to
long recovery times determined by thermal relaxation
and tends to make lead unsuitable for Persistor switch
clements. Niobium (8.8°K) and vanadium (4.89°K) have
this same difficulty. They, as well as tantalum (4.38°K),
are transition metals and are likely to be hard super-
conductors, especially if not well annecaled. That is,
their transitions may not be sharp. Thev also have high
boiling points and are consequently difficult to evap-
orate for film production.

Lanthanum has a transition temperature near 5.0°I
in its hexagonal close-packed structure and a transition
temperature of 5.95°K for its face-centered cubic struc-
ture. Ordinary specimens of lanthanum have a broad
transition region which would make them unsuitable
for switch elements. Mercury (4.16°K) is unsuitable
because of its low melting point. Thallium (2.39°K) has
almost too low a transition temperature to be uscful,
unless working below the lambda point of liquid helium
(2.186°K) were desired to permit high heat dissipation.
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There are no other pure metals that are superconductors
except at lower temperatures. There are alloys (actually
intermetallic compounds) that have T, in the useful
range, but they tend to have broad transitions and also
would be difficult to produce by evaporation.

Returning to the clements indium and tin, their super-
conductlng behavior is very similar. The slightly higher
critical temperature of tin permits operation of super-
conducting devices at slightly higher temperature than
for indium. As shown previously, multidimensional op-
eration of Persistors can also be carried out at slightly
higher temperature for tin than for indium. This makes
the cooling system slightly easier to operate. Tin filims
of good quality can also be produced at slightly higher
substrate temperature than indium. Tin has another
crystal phase, grey tin, to which it can transform at
temperatures below 18°C. Transition is relatively un-
likely because of the low self-diffusion rate at 18°C and
below; however, transition can occur and is most likely
in the general vicinity of —50°C. Once a transition is
started it spreads rapidly. The transition changes metal-
lic tin to a powder and would destrov the switch ele-
ments. Since a memory bank would be cooled or warmed
through the dangerous range occasionally, there is some
risk involved. The transition to grey tin is reported to
be almost completely suppressed by addition of a few
tenths of a per cent of bismuth so that this problem is
probably not serious. Evaporation of such an alloy re-
quires different but well-known source techniques, such
as leeding prealloyed powder onto a hot boat. These
considerations suggest that tin is somewhat preferable
to indium as a switch-element material.

FFor parts of the circuits other than the switch ele-
ments, lead is well suited. It can be evaporated easily
in large thicknesses on substrates at room temperature.
Surface coating is desirable since the lead oxidizes on
exposure to the atmosphere. The high transition tem-
perature and relatively high magnetic field required to
extinguish superconductivity (B,=0.0805 weber m?)
permit it to remain superconducting even when carry-
ing relatively large currents.

Switen ELEMENT DESIGN PARAMETERS

The de switch current of an element can be described
by quoting /e, the de critical current extrapolated to
absolute zero of temperature. As shown previously this
depends lincarly on width and nonlinearly on thickness
of the clement. The fast-switch critical pulse height 1,,
varies in a similar manner. The resistance of an element
in the normal state depends on its width, thickness,
and length. The speed of an element for pulses of height
I, just sufficient to reach fast-switch behavior, is de-
pendent on thickness only, as previously shown. Thus,
by appropriate choices of length, width, and thickness,
it is possible to produce switch elements with a wide
range of fast-switch speed, sensitivity, and resistance.
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SPECIMEN PREPARATION

The switch elements of indium and tin were produced
by vacuum evaporation at a pressure of 5X10~7 mm of
mercury or less and at a deposition rate of about 0.01
u/sec. A low pressure and a high deposition rate are
needed in order to reduce impurities codeposited from
the residual gas.

Deposition of neither indium nor tin is satisfactory
wit glass substrates at room temperature. The problem
seems to be the nucleation of an insufficient surface
density of initial metal crystals on the surface. At lower
temperatures a larger surface density of crystals is
uucleated and thus a flatter film is produced. The in-
dium specimens reported here were deposited on sub-
trates held at —120°C by cementing to a surface which
could be cooled. The tin specimens were deposited at
—350°C.

The test specimens employed were all simifar to the
specimen shown in Iig. 7. The edges were defined by
Gillette thin razor blades with the ends of the razor
blades ground to provide the widened terminal regions.
The specimens were pressed directly against the razor
blades. The blades are 0.004 inch thick and have a
double bevel, so that the defining edges were 0.002 inch
from the glass substrate.

The vapor source was a tantalum boat 10 cm from the
specimen. The drop of molten indium or tin was about
3 mm wide at the maximum. Some surface ereep of the
evaporating metal occurs on the tantalum so that the
source is usually wider than the drop width. A penum-
bra shadow width of about 2 u occurs at the edge of the
specimen, in which the metal tapers toward zero thick-
ness. At the outer edge of this shadow, the metal usu-
ally terminates in a scalloped region with the period
of the scallop about one micron. This scallop scems re-
lated to the nucleation process of formation of the film.
Attemipts to use knife edges with a single bevel to re-
duce the penumbra width met with failure due to
scratches invariably introduced on removal of the knife
edges.

Reproducibility of specimen width from one set of
knife edges to another could be held to the limit of
straightness of the knife edges (£2 w) for specimen
lengths of 5 mm,

The thickness of the specimens is controlled by plac-
ing a known mass of metal in the boat and evaporating
to completion. If the boat is nearly tlat and both the
specimen and the boat are perpendicular to the line
between them, the thickness is given by mass/ (wr?) (den-
sity). The thickness was also calibrated by interfero-
metric measurements in the results reported.

Sizt OF ELEMENTS

The Persistor memory clement requires a relatively
small volume. It is estimated that sheets of Persistors
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having the order of magnitude of 10,000 units per square
foot can be produced by printed circuit techniques and
that at least 100 sheets could be stacked together per
linear foot. Thus, a cubic foot might hold a million
Persistors. It would be necessary to achieve very com-
plete shielding between sheets, but this should be readily
accomplished by use of thin lead foils between sheets.
The lead would be superconducting at operating tem-
peratures and magnetic flux cannot pass through a
superconductor. This phenomenon, known as the Meiss-
ner effect after its discoverer, is expected to eliminate
interactions between adjacent sheets.

Low TEMPERATURES

The achievement of the low temperature needed for
a superconducting memory bank should not be a major
problem. Fig. 28 shows a typical cryostat used in the
measurements described above. The cryostat proper is
the set of glass containers appearing in the center of the
photograph. These consist of an inner Dewar tlask sus-
pended from a plate at the top and an outer Dewar
Hask containing liquid nitrogen as a heat shield. The
latter has been lowered (o expose the inner Dewar in the
photograph. The inner Dewar tlask is scaled to the
plate with a rubber gasket, filled with liquid helium to a

|

x.u-&:-n.nuu, 10
—

Fig. 28—Cryostat used in experimental program.
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depth of about eight inches, and pumped to a pressure of
about half an atmosphere by a mechanical pump not
shown in the photograph. Control of the temperature is
provided by regulating the pressure with the regulator
shown in the upper right of the photograph. On the left
are mercury and oil manometers for reading the pres-
sure. On the right is a liquid helium storage tank. Elec-
trical leads are carried through the vacuum seals in the
top plate. Small coaxial cables then extend to a speci-
men jig at the bottom of the inner Dewar flask. A com-
puter memory consisting of a large number of memory
elements would presumably be refrigerated in a similar
cryostat of larger dimensions. For a large computer a
continuous cooling system could be provided, rather
than one in which the cryostat must be recharged with
liquid helium.
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CONCLUSION

Individual Persistor memory elements with switch-
ing times from a few to several hundred millimicro-
seconds have been produced and tested. Before such ele-
ments can be incorporated into a memory, appropriate
gates, drive circuits and sensing circuits must be de-
veloped. An active program to develop superconducting
devices to perform the several functions required by a
computer is currently in progress.
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Limitations and Possibilities for Improvement of
Photovoltaic Solar Energy Converters*

Part I: Considerations for Earth’s Surface Operation

M. WOLFT, SENIOR MEMBER, IRE

Summary-——Seven factors limiting the performance of photo-
voltaic solar energy converters are listed and explained. They can
be classified into basic and technology determined limitations. Possi-
bilities for improvement on technology determined limitations are
investigated for the silicon solar cell. Such possibilities are: heavier
p-layer doping; change of geometry, possibly by application of grid
structures; improvement of the material constants; and utilization
of drift fields for improved collection. Discussed are materials other
than silicon in regard to their potential for better performance than
that obtainable from the silicon solar cell; and finally, new methods
of approach, such as the multilayer and the multiple transition solar
cell. Both of these methods yield theoretically large improvements,
but realization depends on further advances in compound semicon-
ductor technology and in knowledge about localized centers in the
forbidden gap. Limit conversion efficiencies of 38.2 per cent for a
3-layer cell and of 51 per cent for a 3-transition cell, compared to
23.6 per cent for a single p-n junction, single transition cell, are ob~
tained. Also discussed are the possible merits of the application of
the graded energy gap to photovoltaic energy converters, and poten-
tial improvement in collection efficiency is found for certain cases.

* Received by the IRE, August 19, 1959; revised manuscript
received, January 11, 1960. A part of the work reported in Section
11-1) was carried out in partial fulfillment of the requirements for the
Ph.D. degree at the llinois Institute of Technology, Chicago, 111.

The following paper, partially paralleling this one, has been pub-
lished after the submission of this manuscript: P. Rappaport, “The
photovoltaic effect and its utilization,” RCA Rer., vol. 20, pp. 373-
296; September, 1939.
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l. INTRODUCTION

IVE years have passed since the first solar energy

converters utilizing a p-n junction in silicon were

made by Chapin, Fuller and DPearson in 1954.!
Continued research efforts during these vears have led
to a considerable improvement in the performance of
this device as well as to a deeper understanding of its
operation.??® It can be expected that continued develop-
mental efforts will lead to a saturation of the perform-
ance of this device within the next few vears. Since the
silicon solar cell has created a vast interest it appears
necessary to survey the different possibilities for im-
provement of photovoltaic solar energy converters in
order to point the directions for future fruitful develop-
ment efforts. This discussion concerns itsell with an
evaluation of the following devices: silicon solar cells,

' D. M. Chapiu, C. S. Fuller, and G. L. Pearson, “A\ new silicon
p-n junction photocell for converting solar radiation into electrical
power,” J. Appl. Phvs., vol. 25, pp. 676-677; May, 1954.

2 M. B. Prince, “Silicon solar energy converters,” J. Appl. Phys.,
vol. 26, pp. 534-540; May, 1955.

3M. Wolf and M. B. Prince, “New Developments in Silicon
Photovoltaic Devices and Their Application in Electronics,” Congress
for Solid State Physics and its Applications in Electronics and Com-
murications, Brussels, June, 1958; Proceedings to be published by
Academic Press, Inc., New York, N. Y. M. B. Prince and M. Woll,
“New developments in silicon photovoltaic devices,” J. Brit. IRE,
vol. 18, pp. 583-595; October, 1958.
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single p-n junction solar cells with constant energy gap,
single p-n junction devices with graded energy gap,
multiple p-# junction devices with ditferent energy
gaps, and solar cells using multiple photon transition
possibilities.

Since the device under consideration is a solar energy
converter and not a light converter in general, the na-
ture of the sun’s radiation and its spectral distribution
in particular are of essence in these considerations. The
more refined and sophisticated a solar encrgy converter
will be, the better it will be matched to the sun's spec-
trum, and a deviation in the input spectrum will atfect
the performance more severely. 1t will, therefore, be im-
portant to consider different cases for the optimization
of solar energy converters separately. This part of the
paper will concern itself with a solar encrgy converter
utilizing the sun’s radiation as it is received on a clear
day at the earth’s surface, and is based on the general
assumption that the energy converter can be kept at
25°C or in a relatively small range about this tempera-
ture. The second part of this paper will consider the case
of solar radiation in iree space outside the earth’s at-
mosphere, as well as the effect of variation of operating
temperature of the photovoltaic solar energy converter,

The basic equations describing the characteristics of
photovoltaic solar energy converters and the corre-
sponding equivalent circuit were given in previous
papers.>™*

II. THE FAcTOors LIMITING PHOTOVOLTAIC SOLAR
ENERGY CONVERTER PERFORMANCE

In this section all the limitations on the conversion
efficiency of photovoltaic solar energy converters will be
listed and their nature, their importance on the con-
verter performance, and possibilities for their improve-
ment will be discussed.

The limitations on the ethciency of photovoltaic solar
energy converters can be broken down into the following
major factors:

1) Reflection losses on the surface:
2) Incomplete absorption;

3) Utilization of only a part of the photon energy for
the creation of clectron-hole pairs;

4) Incomplete collection of the electron-hole pairs by
diffusion to the p-n junction;

5) A voltage factor given by the ratio of open circuit
voltage to energy gap potential difference;

h

6) A curve factor given by the ratio of maximum
power point voltage times maximum power point
current to open-circuit voltage times short-circuit
current for an ideal p-n junction;

7) Additional degradation of the curve due to internal
series resistance.

* J. J. Loferski, “Theoretical considerations governing the choice
of the optimum semiconductor for photovoltaic solar energy conver-
sion,” J. Appl. Phys., vol. 27, pp. 777-784; July, 1956.
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Losses due to refraction in the semiconducting ma-
terial are not known to occur in any of the systems con-
sidered. Internal and surface leakage are also not con-
sidered as loss factors since it has been established that,
on normal photovoltaic solar energy converters pre-
pared with present techniques, such leakage is small
enough to be neglected in view of the relatively high in-
jection level in the operation of these devices. It is
expected that these losses can also be held small in
future systems.

Factors 1), 2) and 4) can be combined and called
“over-all collection efficiency™ as has been done pre-
viously.? This is reasonable to do since all 3 factors are
controlled by the absorption characteristic of the ma-
teriul. Factors 1) through 4) together determine the
amount of short-circuit current available from the de-
vice, while points 5) and 6) can also be considered to-
gether as losses due to the '-T characteristic,

Some of the seven factors governing the obtainable
efiiciency of photovoltaic solar energy converters are
basic limiting factors while others are mainly deter-
mined by techniques, and improvement on these may
be possible up to near elimination of their influence. The
factors listed under numbers 1), 4), and 7) belong to
this latter category while the factors listed under num-
bers 2), 3), 3), and 6) have absolute physical limitations
bevond which improvement is not possible. [t should be
noted that these factors having basic limitations are also
technique influenced to some extent, and that, in gen-
eral, better choices of parameters and improvements in
techniques can be made in regard to these factors in
order to approach the basic limits more closely. It has
also to be stated that, in order to make estimates of
some of the basic limits, parameters have to be intro-
duced into the calculations which are partially technique
influenced, such as minority carrier lifetime and mo-
bility. llere values will be introduced which appear
reasonable by present day knowledge, but which may
have to be revised at a later date.

A. Reflection Losses

The reflection losses given by the reflection coeflicient
r(\) are extremely small on present silicon solar cells.?
This low reflection has been achieved by high impurity
concentration obtained under proper diffusion con-
ditions. It can be hoped that with a change to other
materials a sinilar effect can be achieved in the process
of formation of the p-u junction. If this should not be
the case, special tilms for the reduction of retlection
losses may have to be applied.,

B. [ncomplete Absorption

IFig. 1 shows the energy spectrum of sunlight on a
bright clear day on the earth surface at sea level as
given by . Moon.® The same figure also shows curves
of the maximum amount of energy utilized in the gener-
ation of electron-hole pairs in semiconductors with dif-

8 P, Moon, “Proposed standard solar-radiation curves for engi-

neering use,” J. Franklin Inst., vol. 230, pp. 583-017; November,
1940.
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ferent energy gaps. It is seen that for every value of the
energy gap a cutoff line is obtained beyond which the
photon energy is not sufticient to create electron-hote
pairs. 1t is also observable that the smaller the energy
gap of the material, the larger a portion of the energy
spectrum of the sun can be utilized.

The result of this cutoff is a rapid change in absorp-
tion coefhicient for photons having energies close to the
amount of the energy gap. The dependence of the ab-
sorption coefficient a(A) on wavelength A near the ab-
sorption edge, shown in I7ig. 2 for silicon,? is similar for
most semiconductors investigated so far. Such a curve
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of electron-hole pairs in semiconductors with energy gaps of 2.25,
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is largely determined in magnitude and form by the
shape of the energy bands of the semiconductor, but can
also be atfected by lattice imperfections. .\ small ab-
sorption coefficient means deep penetration of the
photons and eventually transmission through the ma-
terial due to insufficient photon-clectron interactions.
The power Pr., lost due to such transmission, is
given by

Pr. = [o Pra(\) exp ( — a(\d)dx (1

where d is the thickness of the semiconducting wafer. 1t
should be noted that this expression is only appropriate
if the absorption coefficient is small in the whole region
on the long wavelength side of the absorption edge; this
means that no essential free carrier or impurity absorp-
tion takes place. There will be no possibility of decreas-
ing these absorption losses except by application of
multiple layers of different energy gap material or by
modification of the absorption pattern by introducing
levels inside the forbidden gap.

C. Partial Utilization of the Photon Energy

A large number of the photons absorbed have more
energy than necessary for the generation of an electron-
hole pair. The energy needed for this photon-electron
interaction is equal to the energy difference between the
bottom of the conduction band and the top of the
valence band, called the energy gap. The excess energy
of the photons contributes to lattice vibrations, meaning
that it is dissipated in heat.

Fig. 1 takes this energy loss into consideration by
showing the actual part of the sun spectrum used for
the generation of electron-hole pairs for different energy
gap materials. The smaller the energy gap, the more
power is wasted near the peak of the sun spectrum.
This energy loss is expressed through the introduction
of a factor hc/N with & being Planck’s constant and ¢ the
velocity of light [see (7)].

Fig. 3 presents a curve showing that portion of the
sun energy which isutilized in the generation of electron-
hole pairs as a function of energy gap under the assump-
tion that all photons with suthicient energy to create
electron-hole pairs are actually absorbed. This curve
combines the effect of the loss factors 2) and 3), and is
obtained by numerical evaluation of the spectral distri-
bution of the sunlight (Fig. 1). One can see that the
maximum is near 46 per cent of the total impinging
energy at an energy gap of 0.9 ev.

Fig. 4 gives the maximum possible number of ¢lectron-
hole pairs generated by sunlight per cm? of exposed area
per second and the corresponding maximum light
generated current density, jz . both as a function of
energy gap of the semiconductor used. Figs. 3 and 4
give basic limits of the corresponding quantities which

5. S, Moss, “Optical Properties of Semiconductors,” Academic
Press, Inc., New York, N. Y., pp. 34--52; 1959.
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are completely independent of technique factors, and
about which no assumptions about certain parameters
had to be made for their evaluation.

D. Collection Losses

Most of the electron-hole pairs created by photon
absorption are not generated within the space charge
region of the p-u junction. Therefore, on the average,
only those electron-hole pairs will be collected which are
within a diffusion length from the junction. The major-
ity of pairs generated in greater distances from the junc-
tion will recombine, causing the collection etheiency to
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fall below 100 per cent. This collection etheiency is
defined as the ratio of electron-hole pairs separated by
the clectric field of the p-n junction to the total number
of clectron-hole pairs generated, and is here designated
as neon. The collection process is determined by material
constants: the location of the pair generated by the ab-
sorption mechanism and the diffusion and recombina-
tion by mobility and minority carrier lifetime.

The collection process can be analytically evaluated,
as was done by Wolf and Prince.® A ditfusion differential
equation tor the steady state was set up and solved
under the appropriate boundary conditions, resulting in
the electron distribution #(x) in the p-layer, which is
exposed to a tlux of .V(A) photons entering the semi-
conductor per cm? per second in the wavelength range
d\ around N (see Appendix 1):

1 5 .
n(x.',N) = a(N) V(N | [e1-tmum — pt1-bmmn’]

15,2 — 1
a, + 1 1
+ I: (e=bun — 1) — __:|
b"2 - 1 bn + 1
sinh (x,) — y.) |
— ———.> — } for b, # 1 (2)
cosh y, + a. sinh y,
with the notations
ro o siln b (N1
¥n = —3 = % 1y, = - - n = “he
L.’ UL " b, :

The hole distribution p(x) in the an-layer is:

1
p(x5, M) = a(Np N (N) ‘{b s ¢ et — et
i

" [ap‘__'___l (e(b,,- DG — 1) — __JM_.:I

b2 —1 b, + 1
e b sinh (v, — v,)
— - —( o Yo 1 for b,#1 (3)
cosh (z — y,) — a,sinh (s — y,,)‘
with
, x X; d 5 b
X =—1  ¥p=—3%  5=-—; 4=
"o, o, L,’ "D,
and

b, = alML,.

lere 7, and 7, are the lifetimes and D, and D, the dif-
fusion coetficients for minority carriers in the p- and
n-layer respectively, L,=~ D,r,. L,=~/D r, the dif-
fusion lengths, and s,. s, the surface recombination
velocities on the p- and the a-type surfaces. x 1s the
distance from the light-exposed p-type surface and x,
the distance from the surface to the p-n junction, which
is assumed to be infinitesimally thin.

Since (2) and (3) are indeterminate for the case b=1,
their forms for this case have to be given:
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n(xn’, )\)bn=l = %a()\)T,,.V()\) {_ (yn - x",)e_""

+ [(an + Dy. + 1] ————-} (2a)

coshhy,. + a, sinh y,|

and
(', Npmr = 3a(N) 71,V () {(x,,' — yp)e =’

— [(a + D = 35) +1]

e~* sinh (x;" — y,)

: . — } . (3a)
cosh (z — y,) — apsinh (z — y,)

Eqgs. (2) and (3) can be evaluated after the material
constants and dimensions are determined, which can be
readily done on prepared solar cells for all of these quan-
tities except 7,. This quantity can be found, however,
by matching the short wavelength part of the calculated
spectral response to the actually measured curve. Fig. 5
shows the minority carrier distributions obtained in this
manner at two different wavelengths,? corresponding to
a large and a smaller absorption coefficient. The surface
recombination velocity on the p-layer was assumed to be
103 cm second™!. 7, was determined as 10~8 second, while
7, was directly measured as 4.10~® second.

Due to the extremely wide variation of the absorp-
tion coefficient with wavelength in the range of interest,
practically all electron-hole pairs are created in an ex-
tremely thin layer adjacent to the solar cell surface in

] T
p-LAYER |  n-LAYER
16%nsec | — %5500, 0x <75 03eri!
- —-- X +90004; ox 24,102 cm!
Zl=z |
C [ 2m £
S NERTaNE
32 ! I\
1 [
§ 4 —
\
| \
g 5 by T N
5] °l| \$ |
a—1 . l——‘-» a2
[} |
l 1 _ )
E 3y g1 g
g % | | TMULTPLEED BY O.I '
1 | [
y 2= L+ ;
< ! Iy | |
] ! 1 | |
E 1— 1 ! -
| B
l‘~ ——
- 0 10 20 30 40

— DISTANCE FROM JUNCTION (RELATIVE UNITS)

Fig. 5—Relative minority carrier distributions in the p- and z-layer
at 2 different wavelengths of incident radiation: A =5500 A, solid
line; and A =9000 A, dashed line. The distance from the surface to
the p-n junction was chosen as the unit for the abscissa. Note the
change of scale on the abscissa at the p-z junction, as well as the
compression by a factor of 10 of the hole-distribution in the -
layer for A=5500 A. ‘The distributions were calculated for cell
#3-329, which had the following parameters: x,=2.8-10"% cm;
d=5-10"% cm; 7p=3.2-10"% second; 7,=10"8 second; u,=500
cm?/volt sec; u, = 80 cm?/voltsec; s =103 cm second .
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certain parts of the spectrum, while in others a large
portion of the pairs are generated deep inside the ma-
terial. Due to this and the limited diffusion lengths, the
junction has to be placed at such a distance from the
light exposed surface that a maximum number of mi-
nority carriers will be collected from both sides of the
junction. Calculation shows that optimum collection ef-
ficiency will be obtained if the layer between the light
exposed surface and the p-n junction is as thin as pos-
sible, and if at the same time the minority carrier diffu-
sion length in the layer of opposite impurity type is as
large as possible.

The gradient of the minority carrier distribution near
the junction due to the photon absorption gives rise to
a current flow across the junction. The magnitude of
these currents can be obtained from (2) and (3),* and
is, for the electron current density j, (A\) from the p-
layer,

1
b2 —1

e—bnlln

a0 = Y5, {b .

e(I=bn)yn — b" + an(e(l—bn)ﬂn —_ 1)

cosh_y,l + an sinh_yn

} for 5,1 (4

and

, R,
FaN it = 3gN (V) {e—un 1+ (4
cosh y, + a, sinh y.f

for b, = 1. (4a)

The corresponding hole current density j,(A) from the
n-layer is

(V) I 0 ML i
= — R e rip
I» 7 "6, + 1 b2 — 1

(b Gmu) — by, 4 g (") — 1))

;osh—(z = ;,,) — a, sinh (z-— Vo) f
(3

for b, %= 1

and
oMoyt = — 3¢V (N)

-0 +a)e—w |
apsinh (z — y,,)f

5 je--yp f— e—l_
l cosh (3 — v,) —
for b, =1. (5a)

Eqs. (5) and (5a) reduce for the case of an ohmic con-
tact covering the back surface of the wafer (s,— %) to

e bpup

: TR
]p()‘)ap*m = g\ ()‘)bp lbp 1

e—bpz e—(I=bp)z—up) — |
— ~——} for b, 1 (6)
byt — 1 sinh (z — y,)
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and
15N aww.t,m1 = — FN(N) je"“ﬂ — e % |
Py : \ sinh (z — y,)f
for b, =1. (6a)
The total light generated current density jy. is then
= [l + g0 Jin ™
0
The collection efficiency 7. (N) is given by
Jn(N) + jp(N)
7lcoll( ) ! (8)

P n(”'l)

YV —

where the term in parenthesis in the denominator takes
account of the fraction of photons transmitted through
the wafer. The relationship between the photon flux in
the light beam V;..(A) and that actually entering the
semiconductor is determined by the reflection coefhicient

N = Vi1 = (V) 9
so that one tinally arrives at the over-all collection eth-
ciency y(A):

y(N) = (1 = (M)A = e M) neau(N).

A collection ethciency curve as a function of wavelength
(IFig. 6) was obtained for a sample cell in extension of the

(10)

calculations discussed in relation to IFig. 5.3

This over-all collection ethiciency curve can be readily
converted into a constant-intensity spectral response-
curve by division through the factor hic/N as explained
in Section 11-C. Such a curve was shown by Wolf and
Prince® together with the actually measured points.

Improvement in collection efficiency for any given
material can be obtained by increasing the minority car-
rier lifetime in the p- and n-materials, or by using ma-
terials with higher electron and hole mobilities. It also
would be desirable to find materials with somewhat
smaller absorption coefficients in the peak region of the
solar spectrum. Collection efficiencies of around 80 per

cou.sc'nou "EFFICIENCY u(x) AS A Fuucnou oF
‘WAVELENGTH CALCULATZD FOR SOLARCELL® 3-329)
% t
100 —{
P TOTAL COLLECTION é\r:ucnzuc?r <l
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Zz
Z . |
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w60 \*; EFFICIENCY »-—/4 \_- = 8
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§ [~ ./
I
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-
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o
o
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FFig. 6—Collection efficiency vs wavelength for cell #£3-329 from Fig.
5. Collection efficiency from the p-layer alone (dashed), from the
n-layer alone (dashed-dotted) and from the sum of both (solid)
are shown,
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cent in the major part of the response spectrum of sili-
con are normally obtained in present solar eells (Fig. 6).

E. The Voltage Factor

The amount of energy utilized in the generation of
electron-hole pairs is equal to the potential difference
between the top of the valence band and the bottom of
the conduction band. The largest recoverable voltage,
however, is the open-circuit voltage, which is alwayvs
smaller than the above mentioned energy gap. The rea-
son for this is twofold:

1) The barrier height, which is equal to the maximum
applicable forward voltage on a p-n junction, is de-
termined by the difference in Fermi levels in the
n- and the p-type material on both sides of the
junction. These Fermi levels are a function of im-

concentration and temperature in any
given semiconductor, and are normally located in-
side the forbidden gap, so that the barrier height is
less than the energy gap:

) A voltage equal to the barrier height will only he
obtained at extremely high injection levels which
can never be reached by photon absorption from
direct sunlight.

purity

These two reasons cause the open-circuit voltage to
be essentially less than the energy gap potential differ-
ence. The magnitude of this open-circuit voltage 1’ can
be determined from a transformation of (1) of Wolfl and
Prince® by setting the terminal current 7 =0 and neglect-
ing the term 17/ R, which is permissible for most silicon
solar cells at high light level applications (such as direct

sunlight):
AkT I
Vo= — In< -+ 1).
q Io

Then the ratio of open-circuit voltage to energy gap
E,, called “Voltage FFactor” (V.F.), becomes

Vo 1kT IL
(V.F) = = In < + 1).
/o0 gE, 1o

(11)

(12)

The quantities determining the open-circuit voltage
are the light generated current I, (equal to the short-
circuit current), the saturation current /oy and the “con-
stant” .1. The magnitude of I, is obtainable from (7).
A plot of the maximum limits of I. per unit exposed
area as a function of energy gap was given in Iiig. 3.
These values will be used here for the evaluation of V.

The saturation current I, and the constant .1 are de-
termined by material properties and junction configura-
tions. The diffusion theory of p-n junctions (\W. Shock-
lev?) results in .1 =1 and

Io = 1.6-10" exp (— 39-E,)

<4/T,, Ny Vﬂ")

7\V, Shockley, “Electrons and Holes in Semiconductors,” . Van
Nostraal Co., Inc., New York, N. Y., pp. 300-315; 1954,

(13)



1252

at 25°C, where
#p =hole mobility in the n-tvpe region,
M. =clectron mobility in the p-type region,
Ng=density of ionized excess donor atoms in the n-
region,
N, =density of ionized excess acceptor atoms in the
p-region.

One recognizes that the saturation current is deter-
mined exclusively by material constants, some of which
can be modified by doping or special treatments.

Fig. 7 shows the saturation current as a function of
energy gap, calculated with the assumption:

400 cm? volt ! second !

MHp =

7, = 1072 second,

Ng =107 cm™3,

N, = 108 cm?,

w, = 103 cm? volt=! second !,

. = 1077 second,
T = 25°C.

There is a newer theory on p-n junction behavior
which takes account of the generation and recombina-
tion of charge carriers in the space charge region of the
p-n junction.®?®

According to this theory, saturation current and con-
stant .l are dependent upon the density and location of
energy levels of recombination centers in the forbidden
energy gap, besides being dependent on the quantities
entering into the diffusion theory. This theory generally
results in higher saturation currents than the diffusion
theory, and constants .1 between 1 and 2 are obtained.

FFinally, there is a third, not explicitly expressed
theory on p-n junction behavior which takes account of
internal field emission taking place in extrenely narrow
space charge regions in p-n junctions.' The results are
values of the constant 4 as high as 6 and essentially
higher saturation currents than compatible with the
two above mentioned theories. It has been shown that
the observed behavior of p-u junctions obtained in the
preparation of silicon solar cells can best be explained by
this third theory.! It is fortunate that, in their applica-
tion to silicon solar cells, the effect of the different
theories is rather small. The differences in jo, although
of many orders of magnitude, are compensated to a
large extent by simultaneous changes in the constant A
for higher injection levels. Therefore, it is justifiable in

8 1{. S. Veloric and M. B. Prince, “High voltage conductivity—
modulated silicon rectifier,” Bell Syst. Tech. J., vol. 36, pp. 975-1004;
July, 1957,

* C. J. Sah, R. N. Noyce and W. Shockley, “Carrier generation
and recombination in p-n junctions and p-n junction characteris-
tics,” Proc. IRE, vol. 45, pp. 1228-1243; September, 1957.

1 A G. Chynoweth, and K. G. McKay, “Internal field emission
in silicon p-n junctions,” Phys. Rew., vol. 106, pp. 418-426; May 1,
1957.

1AL Wolf, “Design of silicon photovoltaic cells for special ap-
plications,” presented at the AIEE-IRE Semiconductor Devices Con-
ference, Boulder, Colo.; July 1517, 1957.
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most cases, and especially in a preliminary survey of
photovoltaic energy converters, to assune that the dif-
fusion theory is applicable. This assumption will be
made throughout this paper.

The voltage factor has been calculated in accordance
with this discussion and the results of this calculation
are shown in Iig. 8 as a function of energy gap. One can
see that better voltage factors are obtained for larger
energy gap semiconductors.

F. The Curve Factor

The maximum power can be extracted from a photo-
voltaic device at that point for which the largest rec-
tangle can be inscribed into the current-voltage charac-
teristic (Fig. 1 of a previous work?®). This point is given
by the voltage and current values 1., and I,... The
ratio of the products Ty Luax to V-1 is called here

Acni® ‘
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Fig. 7-—Saturation current density vs width of energy gap.
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Fig. 8—Voltage factor, curve factor, and characteristic factor vs
width of energy gap, calculated with the saturation currents from
Fig. 7.
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the curve factor (C.F.):

(C r) anx'lmnx [1 AkT l (1 + quax)]
F)=——"—""F= - n
Vo-Io qVe ART
I Vinex
-[1 ——o-exp<q~ = 1)] (14
I AkRT
with T, given by (11) and V., determined by
qunx) <¢1 anx) I qVO =
14+ — ex = —+1=exp—. (15
( ART P ART fo [ AkRT

The curve factor as well as the voltage factor are de-
termined by the saturation current I,. This means that
the same considerations as given in the previous sec-
tion are applied here. As in the case of the voltage factor,
better values of the curve factor are obtained at larger
energy gaps, as is evident from Fig. 8. The product of
the curve factor and the voltage factor is here called the
“characteristic factor,” which is also displayved in the
same fAgure as a function of energy gap.

Not very much can be done for the improvement of
the characteristic factor other than proper choice of ma-
terials with suitable energy gap and the selection of
proper doping levels.

G. Series Resistunce Losses

It has been found that in actual silicon solar cells, the
internal series resistance is large enough so that it causes
a deviation of the current-voltage characteristic from its
ideal curve. The best presently known methods do not
vield sufficiently high impurity concentrations of the
diffused p-laver so as to keep its contribution to the
total series resistance within tolerable limits, if the p-
laver thickness would he reduced to values as are neces-
sary for obtaining highest collection efficiency. In the
present silicon solar cell a compromise is obtained be-
tween p-laver thickness (1 to 2 microns) and p-layver
series resistance (order of 5 ohns) in order to obtain
the highest possible over-all efficiency.?

A small additional series resistance is experienced in
the ohmic contacts of the silicon solar cells, but this con-
tact resistance has been reduced to a negligible value
by application of proper techniques.

The output current from a solar cell with series re-
sistance is

q .
ART

In = [o(eP0—Tke — 1) — [, with B = (16)

For suthiciently small series resistance, in order that
BIR, <1, 17

a first order approximation may be introduced for the
exponential term without causing excessively large er-
rors, leading to the relationship

I

Ip = —— 18)
T F I.BR.e® (
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where

I =1p(R,=0) = I(eBV — 1) — I. (19)
Following Prince,? one can express the power obtainable
from a solar cell as

Io+1
P =IgV = IzBn <L1—R + 1) + [22R. (20)

0

where the last term represents the power dissipated in
the series resistance. One should observe, in the use of
this and other similar formulas, that the current I is a
negative quantity for photovoltaic operation, making
the first and determining term of (20) negative, as is ap-
propriate for a power generator.

I2q. (20) shows that a power loss as the result of the
series resistance is obtained not only from direct dis-
sipation in the series resistance, but also from a change
in the first term of (20), caused by the variation of the
current-voltage curve due to the series resistance (18).

The total power loss due to this series resistance shall
be called P, Possibilities for the reduction of series
resistance through the development of improved tech-
niques are good.

II. Conversion Efficiency and Limit Conversion Efficiency

Combining all the loss factors discussed above, one
obtains the following expression for the conversion efh-
ciency of a photovoltaic solar energy converter:

I’out q o
p= = (VE)C.F)( = Pe) f [1— )]
Pin JieJ

1 = exp (= a(Nd) |1eon(N) Pis(\)AdN

-[f‘zp,,,(x)dx:l I

where Pi,(N) is the light power incident on the solar cell
surface in a narrow range d\ around the wavelength A,
and all other quantities are as previously explained. The
first integral together with the factor ¢/ k¢ describes the
short-circuit current density jz, the second integral, the
total light input. The factor (1—=2"g) could be con-
sidered a moditication of the curve factor but is kept
separate for reasons of discussion.

(21)

The limit conversion efficiency describes an efficiency
which is dictated solely by basic physical phenomena,
and which is not affected by technique factors on which
improvement may or may not be possible. It is an ideal-
ized etticiency, which most probably will never be
reached, but which is a good tool for the evaluation of
different materials or approaches. The concept of the
limit conversion efficiency is somewhat analogous to the
theoretical efficiencies of thermodynamics. The limit
conversion efficiency can be expressed as
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cutoff

_ 9 .
mim = (VE)(CF) - f Pin(MAAA

[ fo mpin(x)dx]_l.

The assumptions are: zero reflection losses, complete ab-
sorption on the short-wavelength side of the absorption
edge, 100 per cent collection of electron-hole pairs, and
no series resistance losses. It should be noted that the
voltage factor and the curve factor cannot be evaluated
without introducing quantities which are somewhat
technique affected, as minority carrier lifetime and mo-
bility are, but the dependence of the value of the factors
on these not always well-determined quantities is not a
very strong one. In order to keep the evaluations con-
sistent, the same lifetimes, mobilities, impurity concen-
trations and temperature as for the preparation of Fig.
7 have been used throughout. This may be justified with
the assumption, that, with further advances of the art,
other materials may be brought to properties similar to
those now obtainable in silicon.

(14)

ITI. POSSIBILITIES FOR THE |MPROVEMENT OF
ProtovoLTAIC SOLAR ENERGY CONVERTERS

The first part of this section will be concerned with
solar cells having a single p-n junction, and made of a
single material of constant energy gap, while the second
part will be devoted to an investigation of newer meth-
ods of designing photovoltaic solar energy converters,
such as graded energy gap, multilayer, and maltiple
transition solar cells. All paragraphs except the first are
chiefly concerned with a study of the basic limitations
of new materials and methods, and it can be assumed
that technique refinements as discussed in the first para-
graph will be applicable in a similar manner to most of
the other methods and materials discussed.

A. Single P-N Junction, Constant Energy Gap Solar Cell

1) The Improvement of Silicon Solar Cells: The limit
conversion efficiency for silicon solar cells is 21.6 per
cent as first calculated by Prince.? The best conversion
efficiency achieved on silicon solar cells to date is 14 per
cent, while normally efficiencies of 8 to 12 per cent are
obtained, depending on the geometry of the cells pre-
pared. It does not seem reasonable to try to improve on
the reflection losses since they are already extremely
small. Losses due to incomplete absorption or insuffi-
cient utilization of the photon energy are also not open
to improvement on devices of this type since they are
determined by basic physical phenomena. The largest
loss experienced on silicon solar cells is due to incom-
plete collection of the electron-hole pairs. The plot of
the over-all collection efficiency y(\) (Fig. 6) indicates
that improvements might be expected in the short wave-
length region from an increase of the p-layer collection
ethciency, and towards the long wavelength cutofl by
improvement of the n-layver collection efficiency.
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A high collection efficiency would require an extreme-
ly small p-layer thickness and a large value of electron
mobility and of electron lifetime in the p-layer. The lat-
ter two could be most easily obtained by low impurity
concentration of the p-layer. All these requirements
would lead to intolerably high p-layer sheet resistances.
It may be possible to increase the impurity density in
the p-layer although surface concentrations of about 102!
impurity atoms per cubic centimeter are used already.
Such an increase in the impurity concentration should
lead to an improved collection efficiency after a reduc-
tion of the p-layer thickness, together with an improve-
ment due to simultaneously decreased series resistance.
But even if techniques can be developed which allow a
substantial increase in the impurity density, it may be
found that this increase results in a simultaneous reduc-
tion of carrier mobility and minority carrier lifetime of
sufficient magnitude to offset any gains.

While these p-layer problems are under study, quicker
improvements can be expected from a change in the ge-
ometry of the cell. Such a geometry change can be veri-
fied either by a change of the cell dimensions, in particu-
lar the length-to-width ratio, or by the application of a
contact grid structure. It has been known for some time
that the X2 cm silicon solar cells have consistent con-
version cfficiencies about 20 per cent higher than those
obtained in the 1X2 cm size. The reason for this effect
is that, with the smaller width of the cell, equivalent to
a shorter mean path for the hole current and a lower
current density in the p-layer, higher values of sheet re-
sistance can be tolerated while still obtaining satisfac-
tory values of series resistance. Thus, a reduction in the
p-layer thickness can be made while simultaneously ob-
taining a decrease in the series resistance. A proposed
step in this direction was a change of the over-all dimen-
sions. An example was the change from the 1X2 cm
cell, which is the most widely accepted type at the pres-
ent time, to an 0.55X4 cm cell, which has the same ac-
tive area as the previously mentioned cell but gives bet-
ter conversion efficiencies.

A second and better approach is the application of
contact grids. Recently developed techniques allow the
application of such grids consisting of fine metal strips
in contact with the p-laver placed at suitable distances
from each other (Fig. 9). Again, one is confronted with
two conflicting requirements: wide grid lines have low
resistance, but decrease the active to exposed area ratio.
Knowing the terminal voltage 17 near the maximum
power point and other data of the solar cell without
grid structure, one can calculate the optimum spacing
S and width T of the grid lines (see Appendix 11)-

3/4

T = 25/4 pfﬁ (B('}_oem')l i 2, (15)
pp1/2
3/ 2T 2T
S = ke (16)
BCppjoeB 3
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Fig. 9—Configuration of a contact grid structure.

where pr is the sheet resistance of the contact strip, p, is
the sheet resistance of the p-layer, jo is the saturation
current density, and
Ie
1 — (Y —1).
L

C= (17)
Such an optimum grid for the 1 X2 cm cell should have
5 lines with a spacing of 0.4 cm and a line width of
6 X103 ¢cm. This grid reduces the series resistance of the
p-layer by a factor of 5.107%

Another very desirable feature obtained with the ap-
plication of grid structures is freedom for the over-all
dimensions of the cells. Proper contact grids make it
feasible to prepare solar cells in as large a size as crystal
growing and cutting technigues permit. 1X2 cm silicon
solar cells with contact grids have been prepared show-
ing an average efficiency increase by a factor of 1.15,
compared to nongridded, but otherwise identical cells,
and 2% 7.5 em cells were made with the same ethiciencies
as the smaller cells.

One might also consider the application of a thin met-
al film over the whole p-layer as a means of reducing the
p-layer sheet resistance. Investigations have shown,
however, that it is not possible to obtain sufficiently
low sheet resistances simultaneously with good optical
transmission properties on such metal films.

Besides reduction of the p-layer thickness, the collec-
tion efficiency can also be improved by increasing the
diffusion length of minority carriers. This is equivalent
to an improvement in minority carrier lifetimes, which
may be achieved through a reduction in the density of
unwanted impurities and of dislocation centers in the
crystals which both could act as recombination centers.
This means that methods for better puritication of the
raw silicon and better methods for the growing of sili-
con crystals have to be developed.

While the improvement of collection efticiency due to
better minority carrier lifetimes is a long-range goal,
speedicr results may be obtained by a shift from the re-
liance on the diffusion process for the collection of mi-
nority carriers to the introduction of a drift process by
means of built-in fields. Such drift fields can be obtained
by proper impurity grading which leads to a varying
position of the Fermi level with regard to the band edges
(Fig. 10). Such drift fields arce applied in some transis-
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Fig. 10—Energy level diagram for a solar cell utilizing drift
fields for improved collection efticiency.

tors and diodes in order to improve their performance.
It should be possible to use near intrinsic silicon and
diffuse the n- and p-type impurities from both sides
with proper parameters so as to obtain a junction in the
desired distance below the surface and simultaneously
obtain desired impurity gradings.'

It is expected that after realization of the improve-
ments mentioned here, the achievement of conversion
efficiencies of 15 to 16 per cent on silicon solar cells can
be expected.

2) Single P-N Junction, Constant Energy Gap Solar
Cells of Materials Other than Silicon: While the previous
discussions about improvement of photovoltaic solar
energy converters dealt exclusively with technique
problems, the possibilities of improvement by use of
materials other than silicon have to be considered also.
Fig. % shows that the voltage factor and the curve factor
both increase towards larger energy gap materials,
while Iig. 3 shows that the percentage of sun energy
utilized in the generation of electron-hole pairs decreases
with increasing energy gap. The combination of both
figures leads to the limit conversion etticiency as a func-
tion of energy gap I, plotted in Fig. 11. which is in
agreement with similar curves published by Prince? and
Loferski.* This figure shows a broad maximum reached
by semiconductors with a 1.25- to 1.5-¢v energy gap
with a maximum conversion efficiency of 23.6 per cent.
Several semiconducting compounds are known in this
range: for example. indium phosphide, gallium arsenide,
cadmium telluride, aluminum antimonide and  stib-
nite, 114

12 As an example, data for a drift field in the p-layer are cited. A
drift field of 200 volts em ' in a 2-micron thick p-layer requires a dif-
ference in Fermi-level across the p-layer of only 0.04 ev. Such a differ-
ence in Fermi-level is achievable by a change inacceptor concentra-
tion by one order of magnitude even at high acceptor concentrations
(about 102 cm=3). A dnift field of such magnitude causes an average
drift velocity of the electrons in the p-layer of 10° ¢cm second™!, which
i two orders of magnitude larger than the surface recombination
veloeity, and twice as large as the average diffusion velocity, This re-
sults in anaverage drift length of 5 times the thickness of the p-layer.

13 Abraham  Coblenz, “Semiconductor compounds open new
horizons,” Electronics, vol, 30, pp. 144-149; November, 1957.

u 1), A, Jenny, “The stratus of transistor research in compound
semniconductors,” Proc. 1RE, vol. 46, pp. 959-968; June, 1958.
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Fig. 11—The limit conversion efficiency as a function of the width
of the energy gap for single p-n junction, direct transition solar
cells.

Gallium arsenide would appear to be the most promis-
ing material for solar energy conversion at the earth’s
surface for two reasons: first, its energy gap is closest to
the maximum of the curve of Fig. 11, and second, the
electron mobility is similar to that of silicon. If minority
carrier lifetimes nearly as large as those obtained in sili-
con could be achieved in this material, and if its absorp-
tion coefficients could be of a magnitude similar to that
of silicon in the range of interest, then this material
should yield conversion efficiencies several per cent
higher than those ultimately obtainable with silicon
solar cells. There is, however, disagreement among dif-
ferent workers in the field on these two points, although
definite information about absorption coefficients and
minority carrier lifetimes obtained recently in this ma-
terial are not available. One should expect that gallium
arsenide materials with lifetimes much better than 10
musec, as frequently quoted now, will ultimately become
available, and that reliable data about absorption co-
efficients will be published. At that time, a final assess-
ment of the usefulness of this material for photovoltaic
solar energy converters can be made. In the meantime,
conversion efficiencies of 7 per cent have been an-
nounced for gallium arsenide solar cells.!s

Another material of high interest, since it also has
high mobilities, is indium phosphide, but even less is
published about this material, probably because it is
more difficult to prepare than gallium arsenide.'®

Cadmium telluride, aluminum antimonide and stib-
nite all have low mobilities, which would suggest that it
will be difficult to obtain good collection efficiencies in
these materials. But since these materials have not been
investigated thoroughly, there is a chance that at a later

1 J. J. Loferski, P. Rappaport and J. J. Wysocki, “Recent Solar
Converter Research,” Thirteenth Annual Power Sources Conference,
Atlantic City, N. J.; April 28-30, 1959.

16 H. T. Minden, “Intermetallic Semiconductors,” Semiconductor
Products, vol. 2, pp. 30-42; February, 1959.
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time essentially higher mobilities may be reported mov-
ing these materials closer into the range of interest. It
should be noted that any photovoltaic solar energy con-
verter with a single p-n junction utilizing only direct
transition photon-electron interaction cannot be ex-
pected to yield large increases in conversion efficiencies
above those ultimately obtainable in silicon solar cells,
no matter what the energy gap or the other properties
of the material may be.

B. New Methods

1) The Multi-Layer Solar Cell: Since very large im-
provements cannot be expected from either technique
improvements or new materials for single p-z junction
constant energy gap solar cells, the viewpoint has to
shift to radically different methods of preparing solar
cells. A critical investigation of Fig. 1 suggests one
method of approach. As the radiation on the long wave-
length side of the absorption edge is transmitted
through the semiconducting material, it may be ab-
sorbed and utilized in a solar cell made from a semicon-
ductor with smaller energy gap placed behind the first
cell. Thus, a larger part of the energy of the sun’s spec-
trum can be utilized than possible with a single cell. In
doing this one matches the photovoltaic energy con-
verter more closely to the energy spectrum of the sun.
This method can easily be expanded to more than two
layers, theoretically up to infinitely many. This ap-
proach has first been mentioned by Jackson'” who calcu-
lated the case of a 3-layer solar energy converter using
semiconducting materials of 1.91-, 1.3- and 0.94-ev ener-
gy gap. He found that 69 per cent of the sun energy
could be utilized in the generation of electron-hole pairs
in this device. This value compares very favorably with
the maximum of 46 per cent for the single p-z junction
uniform energy gap solar cell shown in Fig. 3.

The idea of this method is to reduce the losses due to
incomplete absorption and partial energy utilization in
the generation of electron-hole pairs by splitting the
solar spectrum into several different bands using the
semiconducting material most suitable for each indi-
vidual band. No consideration is given to the voltage
and the curve factors. In fact, both factors decrease not
only with energy gap but also with a decrease in light
generated current [;. By splitting the solar spectrum
into different bands, the current I, for the individual
layer is reduced with every decrease of the width of its
corresponding band of light energy. Therefore, one
should expect the existence of an optimum number of
layers to yield highest conversion efficiency. If this opti-
mum number is exceeded, the increase in losses due to
the voltage and curve factors outweighs the decrease in
losses obtained from a better match to the sun spec-

17 E. D. Jackson, “Areas for improvement of the semiconductor
solar energy converter,” Trans. Conf. on the Use of Solar Energy,
Tucson, 1955, University of Arizona Press, Tucson, vol. 5, pp. 122-
126; 1958.
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trum. For practical purposes, however, one may not
even want to apply such a large number of different
layers. Three layers appear to be a good number for
practical purposes as well as for good conversion effi-
ciency.

It appears necessary to discuss how a useful device
can be prepared utilizing several layers of semiconduct-
ing material with different energy gap. This can be
casily done by viewing IFig. 12 which shows three pos-
sible configurations of a two-layer cell. Iig. 12(a) shows
the energy level diagram for a p-n-p-n arrangement of
two such lavers. In this arrangement the transition re-
gion between the two scmiconducting materials is a p-n
junction. The electric field in this p-n junction is di-
rected so as to impede the flow of light generated cur-
rent from one layer to the other, thus destroying the
usefulness of the device. Fig. 12(h) shows a p-n-n-p ar-
rangement of the two layvers. In this case the transition
between the two different energy gap materials is an
n-n transition. The polarity of the two p-n junctions in
the different layers is so, however, that the two light
generated currents oppose each other, again destroying
the usefulness of the arrangement. IFig. 12(c) finally
shows a workable arrangement. The two lavers of dif-
ferent semiconducting materials are joined together
through ohmic contacts, so that current tlow from one
cell to the other is facilitated without a blocking barrier.
In this arrangement optical reasons prohibit covering
the back side of the cells with a metal contact layer as is
now done on most solar cells. The different layers may
be joined together through matching contact grids
which cover a nminimum of the exposed area, or the back
surfaces of the individual lavers may be equipped with
an extremely low resistivity diffused surface leading to
contacts on the outside of the cell.

Normally, it will not be desirable to use the individual
lavers in separate circuits. Since each layer will have a
different voltage because of its energy gap, the only pos-
sibility for single circuit operation is a series connection
to the individual layers. In this case the same current
has to flow through all the layers. It is advisable to de-
sign a multilayer cell in such a way that each layer con-
ducts the same current at its maximum power point.
This means that each layer has to absorb the same num-
ber of photons from the sun spectrum. This condition
dictates the choice of the energy gap for each of the indi-
vidual layers. A three-layer model was calculated in a
numerical evaluation of Fig. 1, meeting these condi-
tions. Energy gaps of 1.82, 1.24, 0.68 ev were found
suitable. The first layer absorbs 1.11-10'" photons cm?
second™!, the second 1.37-10Y7, and the third 1.75-10'7,
This choice has been made in order to compensate for
the deterioration of the curve-factor with decreasing en-
ergy gap. Calculating the maximum power point for the
layer adjacent to the light exposed surface, and calculat-
ing the voltage contributions from the next two layers
for the same current as obtained from the first layer, an
over-all voltage of 2.25 volts at a current of 17.4 ma per
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Fig. 12—Energy level diagrams for 3 possible 2-layer arrangements:
(a) p-n-p-n arrangement (barrier for electron and hole flow); (b)
p-n-n-p arrangement (light currents in both junctions opposing
each other): (¢) p-n-ohmic contact-metal-ohmic contact-p-n ar-
rangenient,

square cm was obtained. This corresponds to a limit
conversion ethciency of 36.4 per cent, with 73 per cent
of the sun encrgy utilized in the generation of electron-
hole pairs. [t is assumed that these values can be ex-
ceeded by better choice of all parameters for a three-
laver cell, and that still higher limit conversion efficien-
cies can be obtained for cells with more than three
layers.

It should not be overlooked that the realization of
the multilayer cell depends on material problems simi-
lar to those discussed in Section [II-A-2). In par-
ticular, it will be necessary to use ternary compounds
in order to fulfill the energy gap requirements. By pres-
ent day knowledge, it appears that ternary compounds
have greatly reduced carrier mobilities, especially in
compositions farther removed from the apices of the
phase diagram. The achievement of good multilayer
solar cells depends mainly on advances in the material
technology, and a final evaluation of the merits of this
type of cell can only be made after much more informa-
tion on compound semiconductors is available. In the
meantime, a few Si-Ge two-layer solar cells have been
prepared proving the principle of operation. These cells
have to be used in two-circuit operation since the ener-
gv gaps of the two materials are such that the two lay-
ers cannot have the same current flow at their maximum
power points.

2) Graded Energy Gap Solar Cells: From the discus-
sion of the multilayer solar cell and of the improvement
of the utilization factor by matching more closely to the
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sun spectrum, an intriguing idea emerges. By using a
semiconductor with varying width of the energy gap
and selecting it so that a perfect fit to the sun energy
spectrum is obtained, an energy utilization of 100 per
cent can be achieved for electron-hole pair generation.

The preparation of semiconducting materials with
graded energy gaps is now technically possible, but their
application to photovoltaic cells does not appear to be
very useful. It was shown in the discussion of I'ig. 12
that a multiplicity of p-n junctions in a single picece of
semiconductor material is ineffectual. If one has to
separate the junctions by ohmic contacts one automat-
ically arrives at a multilaver cell. Thus, only a single
p-n junction could be applied to a graded energy gap
solar cell. Fig. 13 shows examples of each of the principal
configurations of graded energy gap single junction
solar cells. The configuration of Fig. 13(a) would appear
as a desirable one. The grading of the energy gap is com-
bined with varying doping levels in such a way that a
drift field will aid the collection normally carried by dif-
fusion of the photon-generated electron-hole pairs. The
disadvantage of the system is, however, that the barrier
height V, for hole current flow corresponds to a junc-
tion in that portion of the semiconductor which contains
the smallest energy gap.

The barrier height determines the current-voltage
characteristic of the p-n junction. If the barrier height
of holes V, is lower than that for clectrons 17, then a
hole current corresponding to 17, and a smaller electron
current corresponding to V, will flow across the junc-
tion in forward bias condition. I 17, is much smaller
than V,, then the current across the junction is pre-
dominantly a hole current, and its magnitude is approxi-
mately one-half of the total current flow that crosses a
symmetrical junction, where the barrier height for elec-
tron flow would be equal to 1”,. This means that the
I-V characteristic of such an unsymmetrical junction is
in the same order of magnitude as that of a conventional
junction with the lower of the two barrier heights. A dis-
cussion of such junctions has been carried out by
Kroemer.?® Fig. 13(b) shows an arrangement where the
grading in the energy gap extends only over the n-side.
The grading and impurity concentration on the n-side
has been applied here in such a way that the bottom of
the conduction band is affected. In this case, no drift
assistance in the collection can be obtained from the
graded energy gap. The barrier height corresponds to a
junction in that part of the semiconductor which con-
tains the smallest energy gap.

Fig. 13(c) shows a system in which the grading of the
energy gap extends only over the p-side, which can be
obtained by heavy acceptor doping. In this way, the
grading of the energy gap affects mainly the bottom of
the conduction band, resulting in a drift field for the
electrons on the p-side. Again the barrier height corre-

18 1{. Kroemer, “Theory of a wide-gap emitter for transistors,”
Proc. IRE, vol. 45, pp. 1535-1537; November, 1957.
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Fig. 13—The major possibilities for application of a graded energy
gap toa solar cell: (a) Continuously graded energy gap. Desirable:
drift fields for electrons on p-side and for holes on n-side. Unde-
sirable: barrier height V, corresponding to narrowest gap mate-
rial. (b) Grading of energy gap only on n-side, affecting only bot-
tom of conduction band. Desirable: nothing. Undesirable: bar-
rier height corresponding to small energy-gap material. (c)
Graded energy gap only on p-side, heavy acceptor doping. Desir-
able: drift field for electrons on p-side. Undesirable: same as (b).
(d) Grading of energy gap only in space charge region of the p-n
junction. Desirable: same as (b). Undesirable: same as (b). (e)
Graded energy gap only on n-side, heavy donor doping. Desirable:
large barrier height. Undesirable; no collection fron n-side pos-
sible due to internal field.

sponds to the material with the smallest energy gap in-
volved. Fig. 13(d) presents a configuration in which the
energy gap gradient is confined to the spuace charge re-
gion. No drift fields are obtained in this case, and again
the barrier height corresponds to the smaller energy gap
material. Fig. 13(e) finally shows an arrangement in
which the graded energy gap is again placed exclusively
on the #n-side, but is combined with a high donor con-
centration so that the potential barrier V, of the p-n
junction corresponds to a junction in that part of the
semiconductor which contains the largest energy gap.
Although the large barrier height is a desirable feature,
it is obtained only by sacrificing any hole collection
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from the n-side. The reason is that the top of the con-
duction band forms a potential barrier against hole flow
towards the p-n junction. This fact makes the arrange-
ment under discussion useless.

It becomes evident from the discussion of Fig. 13 that
a large basic advantage cannot be obtained from the ap-
plication of the graded energy gap to a photovoltaic
solar energy converter. Although utilization factors of
100 per cent may be obtainable with proper grading,
this energy gain is completely lost in a lower voltage
factor which corresponds to a device with the smallest
energy gap present. This fact follows also from energy
considerations which would make it impossible for an
clectron-hole pair of small energy to be separated by a
junction with wider energy gap unless clectron-electron
interactions would be possible so that some of the ex-
cess energy of certain electrons could be transferred to
the low energy clectrons, making a configuration as
shown in I"ig. 13(e) possible. The probability for such
interactions to take place is extremely small.

Fig. 13(c), however, suggests an application which
may lead to an improvement in collection efficiency in
certain cases. If extremely large absorption coefficients
and large surface recombination velocities should not be
simultancously avoidable, then the absorption coeffi-
cient near the surface may be decreased by the applica-
tion of a larger energy gap material in this location. The
drift field would also assist in the collection of minority
carriers. This means that a graded energy gap solar cell
cannot yield improvements above the basic limitations
of a single p-n junction constant energy gap solar cell,
but that this method may constitute a technique im-
provement for the collection efficiency. It should be
noted that in most instances drift fields of sufficient
magnitude in order to overcome the effect of large sur-
face recombination velocities should be obtainable
through proper impurity density grading [see Sec-
tion I11-A-1)]. One should also note that (2) to (3)
are not applicable in the cases of graded energy gaps and
of drift fields, so that a theoretical evaluation of these
cases is not immediately possible.

3) The Multitransition Solar Cell: A newer method of
design for a photovoltaic solar energy converter may
vield conversion efficiencies essentially higher than pos-
sible with other single p-n junction devices. This method
utilizes energy levels in the forbidden gap in order to
facilitate transitions from photons with insufficient
energy to cause direct transitions from the valence to
the conduction band. As an example, it shall be assumed
that a very slow trap level can be inserted 1.20 ev above
the top of the valence band in a semiconductor with an
energy gap of 1.88 ev. These values for energy gap and
location of the trap level have been chosen for a sample
calculation only. A slow trap level will be preferred to a
fast one for this mechanism since electrons shall stay
long enough in this level so that another photon can
interact with the electron while it is still trapped. It
shall be further assumed that this trap level modifies
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the absorption characteristic ot the material sufficiently
so that high absorption is obtained for all photons
above .68 ev of energy, the energy difference between
the bottom of the conduction band and the trap level.
It shall be further assumed that the probabilities for
transitions from the valence band to an empty trap
level and from a filled trap level to the conduction band
are unity as arc those for transitions from the valence
band directly to the conduction band, under the condi-
tion that corresponding photon-electron interactions
take place. The sun spectrum has 1.66- 107 photons per
cm? per sccond available for transitions from the valence
band to the assumed trap level, and 1.55-10'7 photons
per cm? per second for transitions from this trap level
to the conduction band. Under the above conditions
this would correspond to 1.55-10'7 direct transitions
from the valence band to the conduction band per cm?
per second. In addition to this, the sun spectrum has
1.01-10'7 photons per em? per second available for direct
transitions from the valence band to the conduction
band, giving a total of 2.56-10'7 transitions to the con-
duction band per cm? per second. This corresponds to a
light generated current of 41 ma cm? This large light
generated current is obtained in a semiconductor of
1.88-ev cnergy-gap, which both give rise to a very good
characteristic factor. The result is a maximum power
point voltage V.x=1.31 volts at a current of 40.2
ma cm™2 The corresponding conversion efhciency is
48.7 per cent while the utilization factor of photon en-
ergy in the generation of electron-hole pairs is 73.2 per
cent.

Introduction of a single trap level results in three pos-
sibilities for photon transitions from the valence to the
conduction band while two different energy levels yield
already six different transition possibilities (Fig. 15).
This corresponds to a closer match to the sun energy
spectrum resulting in a better utilization factor. Fig. 14
shows the percentage of sun energy utilizable in the
generation of electron-hole pairs in semiconducting ma-
terials with two, one and no levels in the forbidden gap.
The assumptions made in the calculation leading to Fig.
14 are that the density of trapping centers is such that
high absorption is obtained, and that under irradiation
the number of filled and the number of empty traps are
of the same order of magnitude. Under the assumption
that the cross section for photon-electron interaction
equals the atomic cross section, and with the require-
ment that most of the absorption takes place within a
diffusion length from the p-» junction, one arrives at a
necessary trap density of 10'% to 10" em™. Making the
assumption that a sufficiently high absorption coeffi-
cient can be obtained for transitions between the trap
centers and both bands, one can calculate the most suit-
able location of the trap level for a material of given
energy gap by imposing the requirement that the num-
ber of photons available for transition from the valence
band to the trap level shall equal the number of photons
available for transitions from the trap level to the con-
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Fig. 14—The portion of the sun-energy utilizable in single p-n junc-
tion solar cells without, with one and with two trap levels in the
forbidden gap, as a function of the width of the energy gap.

duction band. These are the conditions which lead to
Fig. 14, and the energies for the trap levels obtained in
this manner are displayed in Fig. 15. Once the genera-
tion rate of electron-hole pairs is obtained in this man-
ner the same considerations as for the single p-n junc-
tion cell apply. In particular, the voltage and curve fac-
tors from Fig. 8 can be used. This leads to Fig. 16 show-
ing the limit conversion efficiency obtainable from cells
with two, one and no trap levels.

One should note that this method affords a good
match to the sun's energy spectrum as well as a large
“characteristic factor” due to large energy gaps of the
materials usable here, so that this method would appear
to be the most ideal one.

Rather little is known yet about the physical proper-
ties of trap levels as needed here. Moss® discusses ab-
sorption by localized impurity centers but puts main
emphasis on levels near to the band edges. An extension
of the photoconductivity of cadmium sulfide with silver
or copper impurities beyond the absorption edge into
the red region has been reported by Bube,!® while Reyn-
olds and Czyzak?® attributed a photovoltaic response in
the red in cadmium sulfide to an intermediate band in
the forbidden gap. The recent achievement of 7 per cent
conversion efficiency in the cadmium sulfide solar cell

1¥ R. H. Bube, “Photoconductivity of the sulfide, selenide, and
telluride of zinc or cadmium,” Proc. IRE, vol. 43, pp. 1837-1850;
December, 1955.

20 D, C. Reynolds and S. J. Czyzak, “Mechanism for photo-
voltaic and photoconductivity effects in activated CdS crvstals,”
Phys. Rev., vol. 96, p. 1705; December, 1954.
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Fig. 16—The limit conversion efficiency obtainable without, with
one and with two trap-levels in the forbidden gap, shown as a
function of the width of the energy gap.

has to be attributed also to the existence of such mul-
tiple transitions.

With the introduction of levels in the forbidden gap
with such high density as required here, one has to be
very concerned about the recombination properties of
these levels. The statistics of trapping and recombina-
tion processes have been investigated by Shockley? in

2 D, A. Hammon and F. A. Shirland, “A Cadmium Sulfide Solar
Energy Generator for Space Vehicles,” 1959 Electronic Components
Conference, Philadelphia, Pa.; May 7-8, 1959,

2 \W. Shockley, “Electrons, holes, and traps,” Proc. IRE, vol.
46, pp. 973-990: June, 1958.
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general and by Rose® specifically for cadmium sulfide.
In general it will be necessary to obtain small capture
coefficients for holes and for electrons in both p- and
n-type materials, and simultaneously large emission co-
efficients.

The ratios of emission coethcient e,, e, to capture co-
efficient ¢,, ¢, for the electrons and the holes respec-
tively are determined as soon as the trap level [, is
chosen.? They are given by

€n <Et - El) (77)
= = n;ex . — as
o TP r
and
e ",
2= =- (23)
Cp n

where [, is the intrinsic level, while the ratios ¢,/¢,
and ¢,/c, are determined by choice of the equality level.
Only the ratios of the four coethicients are described by
these energy levels while the magnitude of the capture
coefficients is proportional to the trap density and to
the effective capture cross section® of the traps. The
limiting lifetimes, by which the minority carrier life-
times in the device are largely determined, are the in-
verse of the corresponding capture coefficients:
1 1

Tho = — Tpo = —
Cn Cp

(24)

To what extents desirable recombination properties
will be realizable for high trap densities with predeter-
mined trap levels is hard to foresee at this time. The
trapping and recombination problems are the crucial
ones determining the ultimate performance of a cell uti-
lizing multiple transitions. Although the assumptions
made here are quite severe, the large improvements
which appear theoretically possible will make further in-
vestigations quite rewarding. These investigations will
have to be directed to a large extent towards better
knowledge of impurities or dislocations in the various
materials which arc of interest for cells of this type.
Such knowledge will have to be available before the
value of this method of approach to photovoltaic energy
conversion can finally be assessed.

CONCLUSION

In studying the limitations affecting the performance
of solar cells, it was found there are two groups: basic
limitations and technology determined limitations. Pos-
sibilities for the improvement of technology determined
limitations were discussed for silicon solar cells, al-
though these techniques may be similarly applicable to

B A. Rose, “Performance of photoconductors,” Proc. IRE, vol.
43, pp. 1850-1869; DNecember, 1955. Also, “Progress in Semicon-
ductors,” John Wiley and Sons, Inc., New York, N. Y., vol. 2, pp.
109-136; 1957.

# AW, Shockley and W. T. Read, Jr., “Statistics of the recombina-
tion of holes and electrons,” Phys. Rev., vol. 87, pp. 835-842: Sep-
tember I, 1952.
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cells of other materials or methods. The possibilities of
the application of new materials were studied, and the
improvement on basic limitations by the application of
new methods was investigated. It was lound that while
technology improvements on silicon solar cells may be
carried out quite readily, an essentially larger amount of
information will have to be accumulated in regard to
the properties of compound semiconductors and of lev-
els inside the forbidden gap before either essential prog-
ress or a final verdict can be obtained in regard to any
one of these types of photovoltaic solar energy con-
verters.

AprPENDIX |

Minority Carrier Distribution and Current :lcross the
Junction Due to Photon .1bsorption

I'rom Lambert's law of absorption, one obtains the
number of photons absorbed per unit time in a unit area
of a laver of thickness dx at a distance x below the sur-
face:

g(x)dy = aVe **dx. (25

This number is equal to the number of electron-hole
pairs generated. The continuity equation for excess
holes (above the equilibrium density) in #-type material
is then

0 9?
v __ 2 + D, 1—:-{-0[:\'6““
¥

20)
at T a; (

where the first term on the right hand side denotes the
recombination rate of minority carriers in excess of the
equilibrium density p,, the second term, the diffusion
rate into or out of the laver under consideration, and the
last term, the above mentioned generation rate. Such a
one-dimensional model is very satisfactory for the case
of a solar cell since the length and width dimensions are
extremely large compared to a diffusion length for mi-
nority carriers, so that surface effects on the edges of
the cell can be neglected, and since one is justified in as-
suming that such a cell is suthciently uniform over its
whole area.

Eq. (26) is valid even in the case of high injection due
to photon absorption, since detailed balancing of
charges is always preserved due to the generation of
pairs of electrons and holes and the absence of electric
fields. Only the steady-state case is of interest for solar
energy conversion. Thus, one obtains

azp

dx?

! + o 0 (27)
—— R e—at — .
L P D,

The general solution of this inhomogeneous ditferential
equation is

\
,D — plezIL.,. + Pze—zle _——

aD,,(l
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and an equivalent equation exists for electrons in p-

type materials:
AY

no= et + pgelin — ——— —e %

1
aD, (1 — )
a?l,?

The constants py, pe and ny, 1, can be determined from
the following set of boundary conditions:

(29)

1) At x=0, surface recombination takes place which

is given by
dn
Dr: ( ) =S S,,H(()).
dx =0

2) Ata=x;isa p-u junction which is kept in the zero-
bias condition (leading to short-circuit current) so
that a perfect sink for minority carriers exists:

n(x;) = p(x;) = 0. (31)

Operation under different bias conditions does not
have to be considered here because of the voltage
independence of the light generated current and
its linear superposition with the current flow across
the p-n junction in the opposite direction due to
different terminal voltages [sce (16) ].

3) Surface recombination also takes place at the back
surface at x=d:

4]
D,,( ")
dx r=d

Frequently ohmic contacts are applied to this sur-
face so that in these cases s,— ».

(30

= 5,p(d). (32)

Application of these boundary conditions results in
two systems of two linear equations each, the solution of
which leads directly to (2) and (3) for aL, and al.,#1.
The limits linigy . #(x) and limez,.; p(x) are given in
(2a) and (3a) respectively.

The current densities into the p-n junction are then
determined by the minority carrier gradients on both
sides of this junction:

) D (dn)
A dx/ .,

. dp
Jo = — an( )
ax/. .

which lead to (4) through (6a) for the different cases.

(33)
and

(34)

Areexnix 11
Calculation of Optimum Coutact Grid Structure
The resistance of one contact strip (Fig. 9) is
nw

R' = e
r = pr T
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where pr is the sheet resistance of the metal layer. The

factor 3 arises because of the uniform density of the cur-

rent from the p-layer to the contact strip. Current flow

from the p-layer directly to the big contact strip extend-

ing parallel to the long dimension of the wafer has been

neglected for reasons of simplicity of the analysis.
The resistance of one half unit field of the p-layer is

A)

R, = 36
» Pp_”V ( )

where p, is the sheet resistance of the p-laver. A factor
3 is caused by the uniform distribution of current
sources over the whole p-layer.
Then the total series resistance of a unit field with
two p-layer half unit fields in parallel connection is
1 W S
R = PT ,)— + Pp

: (37
T 81

Minimization of (37) gives the optimum cell width for
given S and T

p
W =13a/2VST (38)
oT
and the corresponding minimum series resistance
v a) S
R‘min = ‘j\/PpPT /t T . (39)
The light generated current in the whole cell is
I = jL-nWS (40)
where 7 the number of fields on the cell:
e
n=—: (41)
S+T

The total saturation current, neglecting the area under

the big contact strip, is simply
Iy = jolVI. 42

Then the output current density from the total cell be-
comes (16)

Jr = joleBW—1kR) — 1] — m?l (43)
with
. ]R
T
Introducing the symbol
lo .
C=1——(-1 (44)
I
for a given sct of 7, and 17, one can write
I =1Tg(eB¥ — 1) =1, =—=ClI;. (45)
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If IR, &V, I may be substituted for I in the exponent
of (43) without introducing large errors and one may
write
. P
Jr = Jo| exp Bl{1 +-}'C]L \/p,,pT —Tl*m—‘ -1
S
_— (46)
S+T
where
S+ T
L dmin

’
s

was used.

Doing this, and making an approximation for the ex-
ponential term in (43) for the case BIR, <1, which is
usually fulfilled, further substituting for " according to
(38) and using

S+T
- R“min
L

14
L]

together with (39) one obtains

S
J=jdo} (1 + 1BCjrp,S2eB" — 1} — e

jr. (47)

The maximum of the current density from (47) is ob-

tained for
3 2T 2T
S=pf s = (48)
BCp,,]()eBV 3

This is a good approximation for 2/271T*BCp,j.eB" <1,
which is normally the case.
Substituting (48) into (38), one finally gets

3/4

T = 254 i
ppll‘.!

(BCjoetv) 1411732, (48)

Thus, one obtained a set of seli-consistent parameters
for the optimum grid structure.
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LIST OF SYMBOLS

A =Wavelength (cm);
o = Absorption coefficient (cm™);
v = Reflection coefhicient;

n, p=Excess minority carrier density in p- and n-
laver, respectively (em™3);

Ta Tp= Minority carrier lifetime in p- and n-layer,
respectively (second);

D,, D, = Diffusion coctticient for electrons and holes,
respectively (cm? second™);

Sa. 5, =Surface recombination velocity for electrons
and holes, respectively (cm second™);

€., ¢,=Emission coefficient from a trap for electrons
and holes, respectively;

€, €, =Capture coctficient for a trap for electrons
and holes, respectively;

Na, N,=Density of ionized excess donors and ac-
ceptors, respectively (cm=3);

Nine=Incident photon flux outside the semicon-
ductors (cm™2 second™1);

N(\) = Monochromatic photon flux entering wafer
(cm™? second™! u);

x = Distance from light exposed surface (cm);

x;= Distance from light exposed surface to p-n
junction (cm);

d =Thickness of wafer (cm);

Io, jo=Saturation current, total and density, re-
spectively, (ampere) and {ampere cm™?), re-
spectively;

I;, jo=Light generated current, total and density,
respectively, (ampere) and (ampere cm™?),
respectively;

I, Iy =Terminal current without and with series re-
sistance, respectively (ampere);

V =Terminal voltage (volt);
Vo=0pen-circuit voltage (volt);
V.. V,=Barrier height for electron and hole flow, re-
spectively (volt);
E,=Width of energy gap (ev);
Er=Distance of trap level from nearest band
edge (ev);
R,="Total cell series resistance (ohms);
pp=P-laver sheet resistance (ohms);
pr = Contact strip sheet resistance (ohms).
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A New Class of Switching Devices and
Logic Elements*

P. R. McISAACY, ASSOCIATE MEMBER, IRE, AND I. ITZKAN{, MEMBER, IRE

Summary—With a new class of switching devices employing
microwave tube elements, appropriate combinations of particular
components can create a variety of devices that are capable of per-
forming switching and logic at extremely high speeds (one operation
per musec or less). Such speeds represent a large step forward in the
computer art. A preliminary device described herein demonstrated
the ability of a microwave signal to control a dc current. The goal
of operating a computer with pulse trains dictated a choice of com-
ponents that would provide large bandwidth with gain; therefore,
an experimental traveling-wave interaction type tube was built
which demonstrated the ability of one microwave signal to control
another.

I. INTRODUCTION

RESENT DAY commercially available high-
Pspced digital computers operate with clock time

intervals on the order of one usec. The cfforts of
computer engineers are directed at increasing these
speeds by a factor of 10 or even 100 by reﬁni.ng and im-
proving techniques and components now in use, and
these efforts are meeting with reasonable success. If,
however, computers could be made which utilize micro-
wave frequencies, then clock times comparable to the
period of these frequencies may be attainable, i.e., as
short as one musec er even 0.1 musec.

These enormous increases in speed would open up
new computational areas. Computers capable of solving
extremely complex problems in short intervals would be
feasible. They could solve in a reasonable period prob-
lems that are not now undertaken because of the length
of time required and expense involved.

This paper describes a new class of devices that per-
form switching and logic at microwave frequencies and
employ electron beams and circuit elements closely re-
lated to those used in modern microwave tube tech-
nique.''? Experimental results are also presented, and
their initial success holds great promise for the future
of these devices. In addition to computer applications,
the use of the devices in the measurement and detec-
tion of high-speed scientific phenomena is also a possi-
bility.

* Received by the IRE, October 26, 1959; revised manuscript
received, January 14, 1960. Presented in part before the 17th Annual
Conference on Electron Tube Research, Mexico City, Mexico, June,
1959. This work was sponsored by the Bureau of Ships, Dept. of the
Navy, Washington, D, C.

T Cornell University, Ithaca, N. Y. Formerly of Sperry Gyro-
scope Co., Great Neck, N. Y.

1 Sperry Gyroscope Co., Great Neck, N. Y.

A, H. W. Beck, “Thermionic Valves,” Cambridge University
Press, Cambridge, Eng.; 1953.

2 ]. R. Pierce, “Traveling Wave Tubes,” D. Van Nostrand Co.,
Inc., New York. N. Y.; 1950.

I1. DEScriPTION
A. The device consists of (see Fig. 1):

1) A modulating circuit,

2) a discriminator,

3) a controlled amplifier circuit,

4) an electron beam which couples all three of the
above in the order shown, and

5) an electron gun, collector, and focusing system.

a) The modulating circuit impresses information on
the electron beam. Generally, this information amounts
to the presence or absence of a signal on the modulating
circuit; that is, if an RF signal is present on the modu-
lating circuit, the beam in passing through this section
is significantly changed in some way relative to the
beam which passes through the section if no signal is
present on the modulating circuit.

b) The discriminator is a device which distinguishes
between the arrival of a modulated beam and an un-
modulated beam. It admits only one of these to the next
section and rejects the other.

¢) The controlled amplifier circuit has gain in the
presence of a beam, attenuation in the absence of a
beam, and a sizeable difference in signal level between
the two states. Therefore, this section cither amplifies
or attenuates a microwave signal depending or whether
another microwave signal exists on the modulating
circuit.

In the device built to demonstrate this principle, the
discriminator was of the type that rejected the modu-
lated beam. Thus a signal appeared at the output of the
amplifier only if there was a signal at the amplifier input
(called input “B”) and no signal at the modulator input
(called input “A”). Such a device is a logic clement which
performs the logical operation “A-not, B” (symbolized
AB). It can be proven that the ability to build elements
with this type of logic is suthcient to build a computer.
See, for example, any standard text on computer logic.

B. Types of Modulating Circuits

Two types of modulation that can be applied to an
electron beam are pertinent for our purposes. The first
is transverse velocity modulation in which the electrons
are given a velocity in a direction perpendicular to the
axis of the beam, causing a transverse deflection of the
beam. The second is longitudinal velocity modulation
in which the axial electron velocity is varied away from
the initial velocity of the beam. This produces longi-
tudinal bunching of the beam with alternating regions
of high- and low-charge density.
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The most common methods of longitudinal moduli-
tion are a gap and resonant cavity as used in klystrons
and a helix or other type of periodic slow-wave struc-
ture, such as the interdigital line, used in traveling-wave
tubes. These methods are well known in the literature.!?
Schemes of transverse modulation are discussed in the
literature by Pierce and others*% in reference to use in
traveling-wave oscilloscopes.

C. T'ypes of Discriminators

The simplest transverse-modulation discriminator is
essentially a mask with an opening in it placed per-
pendicular to the axis of the beam. The opening is
located at the place where the modulated beam would
strike the mask if one wants to use the unmodulated
beam in the subsequent amplifier. Or the opening can
be placed in a position to intercept the unmodulated
beam for the converse tyvpe of operation.

A longitudinal-modulation discriminator is a device
which sorts velocities, passing those electrons which
have velocities within a certain band and rejecting all
others. Devices which have pass bands for electrons of
particular velocities have been described in the litera-
ture,®7 and a particularly useful velocity discriminator
has been developed for these particular tubes and is de-
scribed below.

D. Types of Amplifiers

The most obvious devices which come to mind for the
amplifier section (that is, meet the requirement of hav-
ing amplification only in the presence of a beam) are
klystrons and traveling-wave rubes with a helix or some
other slow-wave structure. However, it is also possible
that for some purposes another tvpe of microwave-beam
operated amplifier, such as a crossed-tield amplifier,
would have advantages.

A particular combination ol modulator, discriminator,
and amplifier was chosen so that one RF signal can con-
trol another (see Fig. 1). 1) The modulator was a con-
ventional traveling-wave-tube helix operating just be-
low saturation. It has been shown?® that the beam emerg-
ing from such a device when a high-level RF signal is
present has most of its electrons slowed down. 2) The
discriminator was a velocity sorter developed for this
device which passed only those electrons having a ve-
locity greater than a certain value. This value was set

3 1. R. Picrce, *Traveling wave oscilloscope,™ Electronics, vol. 22,
pp. 97-99; November, 1949,

4 ALV, Haeff, U], S, Patent No. 2,064,469; December, 1936,

5 K. J. Germeshausen, S. Goldberg, and D. I©. McDonald, *\
high-sensibility cathode-ray tube for millimicrosecond transients,”
IRI; Traxs. oN ELECTRON DEVICES, vol. ED-4, pp. 152-158; April,
1957.

# A, C. Hughes and \. Rojansky, "On the analysis of electronic
velocities by electrostatic means,” Phys. Rev., vol. 34, p. 284; July,
1929,

" G. A, Harrower, “Measurement at electron energies by de-
flection in a uniform electric field,” Rev. Sci. Imstr., vol. 26, p. 9;
September, 1955,

8 C. C. Cutler, “The nature of power saturation tn traveling
wave tubes,” Bell Sys. Tech. J., vol. 35, pp. 841-876; July, 1956.
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just below the value of the velocity of the dc beam.
Therefore, the slowed electrons in the modulated beam
were rejected and the unmodulated beam was trans-
mitted. 3) A conventional traveling-wave-tube helix
amplifier was chosen for the amplifier section. The
choice of a helix for the interaction circuit was dictated
by the large bandwidth required for narrow pulse-type
operation, as is discussed in Section I11.

Three devices were built: 1) The first device shown
schematically in Fig. 2 consisted of an electron gun,
velocity sorter, and an electrically isolated collector to
measure the de characteristics of the velocity discrimi-
nator; this was called a velocity-discriminator tester. 2)
The second device shown schematically in Fig. 3 con-
sistedt of an electron gun, modulating helix, velocity dis-
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Fig. 3—Schematic of RF switch (RFS).
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criminator, and an isolated collector to measure the
switching action of the front end; it was called an RF
switch. 3) The third device, a full tube, consisted of an
electron gun, modulating helix, velocity discriminator,
and an amplifyving helix; it was called a longitudinal-
velocity sorter tube (LVST). (See Fig. 1)

I111. MobE or OrERrRATION

The use of elements capable of operating in the micro-
wave range implies that millimicrosecond computer
operation may be feasible if the bandwidths of the de-
vices are sufficiently broad. For example, a computer
capable of handling 10° pulses per second would proba-
bly require a bandwidth of the order of §X10¢ cps. At
the present time, logic elements with operating bands
extending from zero to 5 kme do not exist. However,
some devices (e.g., traveling-wave tubes) which operate
in the neighborhood of 10 kme do have bandwidths of
the order of 5 kme. Thus, by operating with a carrier
frequency of about 10 kme, it is feasible to perform
logical operations at a 1-kme rate.

The generation of millimicrosecond pulses with a car-
rier frequencey of the order of 10 kme is well within the
present state of technology. For example, a generator®
has been proposed which is capable of forming milli-
microsecond pulses on a repetitive basis. In addition, the
recent advances in fast-switching semiconductor di-
odes'® enable these to be used to generate millimicro-
second pulses of RI-,

IFor the type of switching element described in this
paper, there are several kinds of distortion, or pulse
degradation, that might occur. In one category is the
distortion caused by the finite bandwidth and nonideal
phase shift of the amplifying section of the LVST.!
Traveling-wave tubes with helix circuits (these corre-
spond to the amplifying section) have gain vs frequency
curves which are roughly parabolic in shape when the
gain is expressed in db. The phasc-shift vs frequency
curves are nearly straight but have a slight upward con-
cavity (see Iig. 4). The finite bandwidth which is a con-
scquence of the parabolic-gain curve will cause the pulse
width to increase somewhat in the amplifier. For exam-
ple, if a Gaussian-envelope RF pulse is used which is one
musec wide between points where the envelope is down
40 db from the maximum (0.275 musec at the 3-db
points), then Fourier analysis of the signal transmitted
through the amplificr shows that the pulse lengthening
produced by a gain curve with a 4-kme, 3-db bandwidth
is about 10 per cent (sce Fig. 5). The main effect of the
phase shift through the amplifier is to delay the output

* C. C. Cutler, “The regenerative pulse generator,” Proc. IRFE,
vol. 43, pp. 140-148; February, 1955,

10 R. V. Carver, E. G. Spencer, and R. C. LeCraw, “High speed
switching at semiconductors,” J. Appl. Phye., vol. 28, p. 1336;
November, 1957,

" The pulse response of a traveling-wave tube using Fourier
integral analysis is presented in the Appendix.
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pulse relative to the input. This delay will depend on the
total phase shift and for fairly high gains may be of the
order of several millimicroseconds (see Fig. 6). The cur-
vature of the phase-shift vs frequency-characteristic
curve has several minor results. First it makes the time
delay and pulse lengthening depend somewhat on the
relative values of the input-pulse RF carrier frequency
and the frequency at which the amplifier has maximum
gain (see Figs. 7 and 3). Second, it causes a certain
amount of frequency modulation so that the instantane-
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ous frequency of the output pulse is not equal to the
carrier frequency of the input pulse (see Fig. 8). These
are relatively minor effects, however.

There are several other possible sources of pulse
degradation. One is the production of “echoes” by re-
flections from nonideal matches into and out of the
modulator and amplifier sections. In all measurements
so far, there has been no sign of such echoes, and this
is not believed to be a serious problem if reasonable care
is taken with the matches.

36 OUTPUT
TWT PARAMETERS

Vo=3096 VOLTS

32F-  1=17.23 MILLIAMPERES n=1
30 K =0.10
28 ug/c=0.110
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3 18|~
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Fig. 6 TWT response for Gaussian input pulse.
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Another possible source of trouble is the shock excita-
tion of relatively low-frequency oscillations on the helix
structure by the short pulses of electrons in the tube.!?
These oscillations are most likely to occur at low fre-
quencies where the helix is in the neighborhood of a half
wavelength long because the added attenuation on the
helices become less effective at low frequencies. The
main problem that this oscillation may cause is modu-
lation of the effective beam voltage, thus altering elec-
tron velocity sufficiently to reduce the interaction with
the helix. This problem may be eliminated by care in
providing sutficient helix attenuation at low frequencies.
No such effects have been observed on the LVST's
so far.

The final effect which can cause distortion is the dis-
persion of the millimicrosecond pulses of electrons in
the modulator section. The pulses will tend to spread as
they move through the helix because of space-charge
forces. This effect is hard to evaluate quantitatively,'
but it is estimated to be relatively small for millimicro-
second pulses.

Using this device, which performs “AB" logic as
pointed out above, any logical operation may be syn-
thesized by using the proper combinations of these
switching devices together with passive microwave
components. s an example, a schematic diagram is
shown in Fig. 9 for a serial-adder circuit utilizing
LVST’s and magic Tee's. This circuit is not the opti-
mum in speed for a serial adder using LLVST's but is
presented to illustrate a possible application. I‘aster
logical operations may be synthesized by more sophisti-
cated circnitry

LVST’s.

which will in general require more
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Fig. 9—Example of computer application of an LVST taking delay
times into account (*and not” clement) with an inherent delay
of 30 cycles of RF.

27V, Brown, “Transicnt Phenomena in Traveling Wave
Tubes,” Stanford Electronics Lab., Stanford, Calif., Tech. Rept.
No. 6; July 30, 1956.
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V. ExpeERIMENTAL RESULTS
A. Velocity Discriminator Tube

The geometry of the velocity-discriminator tube is
shown schematically in Fig. 2 and the dc characteristics
of the particular geometry which was finally used are
shown in the same figure. The “ —1500-volt center aper-
ture potential” curve goes from 10 per cent transmission
to 90 per cent transmission when the potential through
which the incoming electrons have been accelerated goes
from 1425 volts to 1450 volts. Thus, if we are operating
at the 90 per cent point on this curve, a decrease of 1
per cent in electron velocity will cause the transmitted
current to drop to one-tenth of its original value and
a decrease of 2 per cent will cause the current to drop
to zero.

B. RF Switch

The RF switch, whose geometry is shown schemati-
cally in Fig. 3 is a conventional traveling-wave tube
with the end of the tube cut off and replaced by the
velocity discriminator and collector section shown. The
tube was operated pulsed (50 usec pulse width, 60 pulses
per second), and switching action was looked for to-
wards the center of the “on” portion of the cycle. The
collector current was measured with an oscilloscope by
passing the current through a viewing resistor to
ground. For a particular combination of operating
parameters, Fig. 10 shows the collector current when a
10-psee RF pulse was introduced towards the center of
the tube pulse. An expanded view of the leading edge of
the RI° pulse showed that its rise time was that of the
oscilloscope amplifier. This photograph shows the RF
pulse depressing the collector current to 50 per cent of
its “no signal” value.

By suitable adjustment of the accelerating voltage,
cutoft electrode voltage, frequency of operation, and
focusing magnet current, it was possible to obtain al-
most complete cutofi. IMig. 11(a) is a photograph of the
entire dc pulse. This shows some ringing and hash at the
beginning and end of each pulse, which are eficets
caused by turning the traveling-wave tube on and off,
but also shows an essentially flat portion. The slight os-
cillations which appear at about 30 usec may be plasma
oscillations caused by some sort of ion buildup. g,
11(b) shows the same pulse, with a 9-kme RI° signal
applied to the input throughout the entire trace length.
The collector current is now depressed almost to zero
during the flat part of the pulse.

Iig. 12(a) shows the results of using a 30-musec pulse
as an envelope for the RIEF signal generated by a fast rise-
time pulse generator and diode switch, and IFig. 12(b)
shows a 15-musce pulse. The flat trace represents the
zero level of collector current. Again, the depression is
almost to zero, and the rise time is that of the oscillo-
scope amplifier: 7 musec,
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Fig. 10—DC collector current vs time for the RFS; scale: 10 psec
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Fig. 12—Collector current vs time for RI'S with short RF
pulses; scale: musec/div.

Fig. 13 is a curve of relative collector current vs RIF
drive power for the pulse of IYig. 12(b). Readings were
taken at the peak of cach pulse, and the peaks actually
go to negative current values, This is undoubtedly be-
cause of a capacitive overshoot, and the difference be-
tween the maximum negative value and zero gives an
estimate of the ac portions of the pulse, or about 10 per
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Fig. 14 —Longitudinal velocity sorting tube (LVST).

cent. Thus, the feasibility of switching a de beam by this
technique was successfully demonstrated by the per-
formance of this tube.

C. Longitudinal Velocity Sorting Tube (LVST)

A photograph of the LVST is shown in Fig. 14. The
first tube built was designed to have a 20-db small signal
gain in the modulating section or “A” helix, and a 36-db
small signal gain in the amplifier section or “B” helix.
lHowever, the necessity for having three output connec-
tions at the center of the tube—the modulating-helix
output, the amplifying-helix input, and the potential
lead for the velocity discriminator—required some mod-
ihcations in the velocity-discriminator design. These
modifications decreased beam transmission to the ampli-
fying helix with attendant decrease in amplifying-helix
gain. Experimentally, a small signal gain of 21 db in the
modulating section and 9 db in the amplifying section
were measured. The gain curves are shown in Fig. 15.
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IFig. 16—\ and B helices power output vs A-helix input power.

[n spite of the low-power output of the amplifier, it was
still possible to demonstrate switching action. Fig. 16
shows the output of both helices as a function of helix
drive power with the constant input to the “B” helix
being that which gave maximum output with no “A”
input.

Several characteristics of the curves in Fig. 15 are of
interest. Over much of the small signal range of helix
“A,” the output power ol helix “BB” falls off slowly. Then,
at an “A” helix drive about 6 db below the saturation
drive power, the power output of the “B” helix drops to
a minimum. These effects are predicted by Cutler®
wherein it is shown that at first only a few of the elec-
trons are slowed down. The number slowed increases
gradually with increasing drive, then increases rapidly
until just before saturation almost all the electrons have
velocities below that of the dc beam and hence should
be stopped by the discriminator. As the drive is in-
creased to saturation, the “B” output increases. This
again is explainable by Cutler® where it is shown that,
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at saturation, there exist groups of fast electrons which
actually have velocities greater than the dc beam and
hence should get through the discriminator. It is inter-
esting also to note the sharpness of the cutoff. A 10-db
change in drive power on the “A” helix from —14 db to
—4 db is sufficient to cause a decrease in the “B” helix
output of 30 db.

A final experiment with the LVST was designed to
demonstrate musec switching. A pulse of RI, one
musec wide, was generated by means of an SKL fast-
rise time pulse generator and the semiconductor tech-
nique of Carver.!” The pulse was split into two pulses,
one of which drove helix “A” and the other passed
through a variable delay line to the input of helix “B.”
The output of the “B” helix was viewed through a crys-
tal detector on an E.G. and G. traveling-wave oscillo-
scope. When the delay was adjusted so that the two
pulses could not interact within the LVST, an output
pulse was observed at the output of the “B” helix.
Varying the delay to bring the two pulses into syn-
chronism caused the output to disappear. A variation
of delay time of one-half musec was needed to bring the
output pulse from full-pulse height to zero-pulse height.

V. APPLICATIONS

In addition to the computer applications outlined in
Section III, a number of other uses for these devices
come to mind. Some of these are outlined below:

1) Pulse generator:

If a continuous signal is put into the “B” helix and a
portion of the output is fed back to the “A” helix
through a delay element, then the LVST will act as a
pulse generator, putting out pulses of RF whose en-
velope is a square wave with a period equal to twice the
total delay around the feedback loop. Pulses of several
musec pulse width could be generated in this manner.

2) Frequency converter:

If the device were designed so that one of the helices
operated at a different frequency from the other, signals
of one frequency could control signals of another fre-
quency.

3) Coincidence and anticoincidence detectors:

If nuclear events are converted to RI* pulses (a system
which might have some advantages in the measurement
of very short time separations), various combinations
of coincidence and anticoincidence circuits can be de-
vised using LVST’s.

VI. EvaLuaTioN

These devices have two serious drawbacks when con-
sidered for computer applications. The first is the time
delay in a signal passing through a unit. The time delay
in each helix is of the order of three musec, and the delay
in the discriminator is of the order of one musec. If we
consider an application where the amplifier of one tube
drives the modulator of a second tube, then, inorder for
two pulses to interact in the second tube, one pulse must
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enter the amplifier of the second tube seven musec later
than the other pulse enters the amplifier of the first
tube. If the computer is of the type which must perform
its operations sequentially, the delays soon add up to
outweigh the increase in speed. If, however, during the
waiting time the elements can be employed on other
portions of the same problem or other problems, then
the time delay only means a delay in receiving the final
answers and the enormous increase in information-
handling ability would be well worth the additional
complications necessary to design such a computer.

The second drawback is the expense and size of
traveling-wave tubes and their associated power sup-
plies. This is probably a present day limitation which
will soon be removed. Since these tubes need only to
transmit information and not to amplify power, they
can be small and light in weight. Electrostatic focusing
can remove the need for bulky magnets and power sup-
plies, and mass production techniques should reduce the
cost to reasonable values for use in large numbers. Also,
9 kmc is not even the present-day limit in the state of
the art, and the use of higher frequencies should lead to
both faster switching and smaller structures.

We have demonstrated a class of devices which use
microwave signals to control other microwave signals
and can be combined to perform computer logic. These
devices have the advantage of inherent amplification
and high-speed switching and should find numerous ap-
plications in future work done in the fields of computa-
tion and control.

APPENDIX
TRAVELING-WavE TuBe PuLse RESPONSE

The response of a traveling-wave tube to pulse of
RF can be conveniently determined by a Fourier inte-
gral analysis for signal levels in the linear range of the
tube. After determining that both theoretically and ex-
perimentally the gain curve (in db) for a traveling-wave
tube is approximately a parabola, then, for a set of typi-
cal operating data, the gain and phase-shift curves were
determined by an analog computer and approximated
by parabolas, as shown in Fig. 4. The set of tvpical
parameters chosen is listed in Table 1.

TABLIE |
TRAVELING-AWAVE TURrE ParaMETERS CHOSIEEN

Beam voltage

Beam current

Pa=30906 volts

[o=17.23 ma

Microperveance K=0.10
Ratio of electron velocity to velocity of light wi/c=0.110
Interaction circuit is a sheath helix with cot ¢=10

radius a and pitch angle ¢

24.5 wavelengths at
maximum

Active tube length at maximum gain point
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The basic Fourier transform pair was chosen as:

Glw) = f g(De1vtdt

1 » o
g = o f—xG(w)e’ dw. )

The input pulse has a Gaussian envelope:
f(t) — e—bt2e/w0t

Flo) = 1/ Lo @

The carrier frequency of the input pulse wo/2m is taken
to be 10 kme per second. The value of b is chosen so that
the pulse envelope is one musec wide between the 1-per
cent amplitude points, b =18.4 X 10'% sec2. If the trans-
fer function for the traveling-wave tube is

H(w) = | H(w) | e, (3)
then

1 ® .
g() = 2—f H(w)F(w)e'“'dw. 4

T

From the date of Fig. 4, the gain and phase shift
curves may be expressed as

gain = 20log | H(w)l
= 34.8 — 3340(ka — 0.206)2 db.
Phase shift = 6(w)
= — 41.4 4 820(ka + 0.278)? radians.  (§)
Here ka is a normalized frequency and is equal to

wa/c. Denoting the frequency for maximum gain as
w,, then

0.206
a =

C.
w1

One of the parameters of interest is the ratio of the
frequency for maximum gain to the carrier frequency
of the input pulse, wi/wo=7. After substituting (5)
into (4) and evaluating, the output pulse is given by
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- 163 L
16.3 734.8
V— — 4 53.6 + ——
7? 7?
where

P+ j0 = 69.9 + j22.02

g(T) = Re etP+iQ) (6)

32.6 94.0 el
<—-— + 107.2 — j — + _7'207rT>
1 1
= - — . 7
16.3 _ 34.8 @
4<——2‘ + 5364+ —2>
1 1

Here T is the time measured in musec.

The results of this computation for various values of
n are shown in Figs. 5-8. IFig. 6 shows the time delay
and relative amplitude for the envelope of the output
pulse. The input-pulse envelope, multiplied by a factor
of ten, is also shown for comparison. It is seen that the
value of y affects the time delay and the pulse-envelope
amplitude and width. Fig. 7 shows explicitly how the
time delay depends on 5 and Fig. 5 shows the depend-
ence of the pulse width A7 (measured at the half-am-
plitude points) on 5. If the instantaneous frequency is
defined to be the time rate of change of the phase di-
vided by 27,

then Fig. 8 gives this instantaneous frequency as a
function of 7 at various points in the output pulse. It is
seen that the traveling-wave tube does introduce some
frequency modulation into the pulse.
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Skin Effect in Semiconductors®

A. H. FREI}, MEMBER, IRE AND M. J. O. STRUTTY], FELLOW, IRE

Summary—This paper deals with the theory of skin effect in
semiconductor materials including the effect of displacement cur-
rents, which are generally neglected in the skin-effect theory for
metallic conductors. In the case of flat plates, formulas are derived
for the field distribution, the impedance and the eddy-current power
losses, considering symmetrical electric as well as magnetic fields.
Impedance as a function of frequency is measured for germanium in
the microwave cm-range. The measured values agree with the theo-
retical results. The equivalent depth of penetration is calculated and
compared with the skin depth for metals. All theoretical results are
represented in graphs for different values of the ratio 4, f.e., the dis-
placement current divided by the conduction current. The formulas
are extended to the case of complex permeability, corresponding to
hysteresis.

I. INTRODUCTION

N many practical applications, slabs of semicon-
]:[ ductors are being subjected to alternating electric
fields. Similarly to the analogous case of conductor
slabs, skin effect will occur in many cases. It is the aim
of this paper to extend the well-known skin-effect
formulas for conducting slabs to semiconducting ones.
Simple as this extension is, the corresponding formulas
and curves seem to be absent in previous papers.
Of predominant importance is the ratio of displace-
ment to conduction current in a semiconductor. This
ratio is:

WeEper

y = L w=2nf, (1)

ag
rlscc)
1
Vm
e is the relative diclectric constant of the semicon-
ductor, ¢ is its conductivity, and f is the frequency of
the alternating field under consideration. As an ex-
ample, consider germanium of ¢ =10 mho,/m and €, =16
at f=10" ¢ps. Then, y=10.89,
Skin-effect theory starts from Maxwell's equations
(Giorgi MKS-units) for isotropic media:

where

€0

(47 9 109)1 <

oD

curl H = 1 + . i=oE,
ol

div B = 0; (B = l‘Ol‘rH)v

* Received by the 1RE, August 17, 1959; revised manuscript re-
ceived, December 4, 1959, This work was supported by the Swiss
National Fund for Seientific Research.

T David Sarnoff Research Center, RCA Labs., Princeton, N, J,

1 Dept. of Electrical Engrg., Swiss Federal Institute of Tech-
nology, Ziirich, Switzerland.

JB
curl E = — —,
of

div D = 0; D = ¢.E,

where E is the clectric and H the magnetic-field strength,
iis the electric conduction current density, and B is the
magnetic and D the electric flux density. Further,

I'sec
wo = 4rlly 7< ),
Am

and g, is the relative magnetic
above equations, we obtain:

oB
curl curl E = — curl =

o1 0°D
— poer | — + ) ) )
af of ar?

91 9°D
= el — +— )
a! of*
Assuming all vectors to be proportional to exp (jwt),

where j=+/—1, we obtain for homogencous semicon-
ductors:

permeability. IFrom the

Il

v(div E) — div (VE)

AE = pou,(0jw — eew®) E. (2)

This differential equation has to be solved for the par-
ticular problem in hand.!

IT. SYMMETRICAL [2-IT1ELD

The first case under consideration is shown in Fig, 1.

t z I
! |
! 1
I P
Q,1‘-"
) ) x
] '
] [}
] I

Fig. I—Semiconducting slab with coordinates, dimensions,
and indication of electrical-field strength.

'Sir J. Jeans, “The Mathematical Theory of Electricity and
Magnetism,” Cambridge University Press, New York, N. Y.; 1951.



1960

The electrical field is paratlel to z and the slab is
bounded by the two planes x= +5. The length along 2
of the slab is /. Then
E —
d*E(x)

dy?

E(x) exp (o),
wopordj — ¥)E(x). 3)

fere, the following the abbreviations are introduced:

-y

= wopuj — ),

2
(1()'2 -,
WO Holty €))
2
[K? = —(j — 7).
{ do?

The quantity do is equal to the depth of penctration of
an alternating electric field into a conductor of plaue
boundary at a frequency w /2w, a conductivity o, and a
relative permeability u,.?

Assuming the electrie field to be symmetrical with re-
spect to x=0 (Fig. 1), the solution of (3) is:

E = E, ch (Kx) exp (juw!).

Obviously, F, is the field strength at x=0. The function
ch (Kx) is shown as dependent on x/dy at different val-
ues of v in Figs. 2 and 3.

We proceed to evaluate the impedance, Z, of a slab
of length /, of width 2b, and of breadth «.

The alternating current, 7, flowing through the slab is

+b °
I = f dx [ dy(o + jwese,) Ey ch (Kx) exp (jwl),
-b o

2a(o + jwese,) Ey sh (Kb) exp (jwl)
I

The alternating voltage, U7, along the slab's surface is
U = E ch (Kb) exp (Jul).

[lence, the impedance Z=U/1 is

b R
— /2] — ycth (Kb
p ) J (Kb)

R, 14y

T

where Ry indicates the slab’s de resistance:
/

2abe

2 M. ]. O. strutt, “Ultra- and Extreme-Short Wave Reception,”
D. Van Nostrand Co., Inc., Princeton, N. J., p. 21; 1947,
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Fig. 2 \Absolute amount of the function ch (Kx) as de-
pendent on x/de at three different values of y.
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Fig. 3—Phase angle of the function ch (Kx) as dependent
on x/dy at three different values of +.

The ratio Z/ Ry is dependent on the ratio of the width,
2b, to the depth, d,, of penetration, and on the ratio, v.
The ratio, Z/ Ry, is shown in Figs. 4 and 5. The curves
for the absolute amount of Z/ Ry (Fig. 4) start from the
points of the vertical axis:

o1z 1
im | —| = = 0
bldg»0 ROA \/1 + Y
The tangents of the curves at these points are horizontal.
The phase angles of Z/ Ry at b/dy—0 are given by —arc

tgy. These curves (Fig. 5) have also horizontal tangents
at these points.
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n 1 2 3 b

Fig. 4—Absolute amount of the ratio Z/Ry as dependent
on b/dy at three different values of v.

ors(2)

:
I

Fig. 5—Phase angle of the ratio Z/R, as dependent on b/d, at three
different values of v. The impedance becomes resistive at certain
frequencies for semiconductors, which might be of practical
interest.

It is interesting to consider a purely dielectric slab
(6 =0) as a frontier case. Evaluating Z for ¢ =0 and for
A
2w\ e
where A=¢/f, ¢ being the velocity of propagation in
vacuum, we obtain

2abege,
= =_—

l

which is the electrostatic capacitance.
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We evaluate the eddv-current losses in the slab per
unit of volume:

1 :

P,=— 6E9|~‘
26J

Here, E. is the effective value of the electric-field
strength. The integral vields:

I E 2(Sh 2ab n
v o dab

sin 2[3b)
13b

(6)

Here, E;. 1s the effective field strength at the slab’s
center, a=Re (K), and B=Im (A). The quantity in
brackets contains the skin-eftect part of £,. It is shown
in Fig. 6 as dependent on b/d and on .

I1I. EXPERIMENTAL CONFIRMATION

The experimental setup is shown schematically in Fig.
7. A cylindrical slab of germanium is arranged in a
coaxial line, which is short-circuited at a distance A\/4
from the slab’s surface. The radii of this line are r,=1.5
mm and 7,=3.5 mm. The slab’s width is b=1.44 mm.
The coaxial line is connected to a generator of frequen-
cies between 4 and 7 kmec, the electrical field being
radial and the magnetic field circular. The electric field
is measured in the usual way by means of a suitable
probe, which slides along the coaxial line. The impedance
of the slab is obtained from the displacement of the
minimum electric-field point and from the width of the
field curve as dependent on the probe’s displacement.
This procedure is well known.?+*

At the slab’s boundary, corresponding to x=0 in Fig.
7, the electric-field strength, E, is different from zero,
and dE dx, which is proportional to the magnetic-field
strength, is zero. Hence, the electric-field strength in
the slab is given by E=E, ch (Kx) exp (jwt). This cor-
responds to the theory of Section 11, the slab of Fig. 7
having exactly half of the width of the slab in Fig. 1.

Considering a circular ring of inner radius 7, of radial
thickness dr, and of width b, its impedance is:

Z dr
dzZ, = ( > ’
Ry/ 2wrbo

where the ratio Z/R, is the same as was calculated in
Section Il (Figs. 4 and 5). The total impedance, Z,,
of the slab is obtained by integration of the above ex-
pression between 7, and 7;:

3 P. Ramer, “Experimental Investigation of the Dispersion of
Conductivity of Single Crystals of Germanium, Caused by Plasma
Oscillation,” Ph.D. dissertation, Swiss Federal Institute of Tech-
nology, Ziirich, No. 2875, pp. 34-43; 1959, (In German.)

4 K. S. Knol and M. J. O. Strutt, “On a method for measuring
complex impedances in the decimeter wave range,” Physica, vol. 9,
pp. 5S77-590; June, 1942.
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Fig. 6—Power loss P, per unit volume divided by o £y (see Fig. 1)
as dependent on b/dq at three different vahies of 5.
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Fig. 7—Schematic picture of the coaxial-line arrangement for meas-
uring the impedance of a evlindrical semiconductor slab in the
cm-wave range.

VA a dr
Z,- e ( >R,, Rr = f —_——
Ry ;, 2mrbe

Obviously, R, is the dc resistance of the slab. The con-
ductivity, o, of the germanium being 3.28 mho/m, we
obtain R,=28.6 ohms.

In previous work on lossy dielectrics,® the fact that
the field distribution may be altered by the conductivity
was not taken into account, as this effect was probably
small in the cases considered.

The impedance Z,=R+j.X was measured as a func-
tion of frequency between 4 and 7 kme. The results are
shown in Iigs. 8 and 9. The values marked by circles
were obtained while the contact between the slab and
the coaxial line was not tight but included a small air

_ 5 5. Roberts and A. van Hippel, “A new method for measuring
dielectric constant and loss in the range of centimeter waves,” J.
Appl. Phys..vol. 17, pp. 610-616; July, 1946,
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Fig. 8—Real part of the impedance of the semiconductor slab of Fig.
7 as dependent on frequency. Curve calculated; circles measured
with a relatively small air gap; triangles measured without air
gap.
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Fig. 9-—lmaginary part of the impedance of the semiconductor skab
of Fig. 7 as dependent on frequency. Curve caleulated; circles and
triangles measured as in Fig. 8.

gap. The values M, and M, were obtained with tight
contacts between the slab and the coaxial line, the gaps
being filled with silver paste.

The maximum errors of the measured points were
about five per cent for the real part R of Z, and about
ten per cent for the imaginary part X of Z,.

In the case of the circles, a difference, exceeding ex-
perimental errors, exists between calculated and meas-
ured values of X. This may be due to the air gap, which
was present in these measurements.
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The triangular experimental points show coincidence
with the calculated curves within the said experimental
errors.

We may conclude from Figs. 8 and 9 that the conduc-
tivity o of the germanium in question does not show any
dispersion in the frequency range under consideration,
The results of further measurements on this question
will be published later. Figs. 8 and 9 show results for
germanium of o=3.28 mho/m. If o is different, the
curves corresponding to those of Figs. 8 and 9 may be
obtained from Figs. 4 and §.

1V. SKiN EFFECT AT A SYMMETRICAL
MAGNETIC FIELD
In this case, the value Ky exp (jwt) at the center of
the slab of IFig. 1 is replaced by Iy exp (jwt), the field
strength II being a symmetrical function of x:

H = Hych (Kx) exp (jw!).

The complex hyperbolic function ch (Ax) is shown in
Figs. 2 and 3.

We shall determine the magnetic impedance of a slab
of length /, width 26 and breadth a. The magnetic flux
¢ through the crossection 2ab is:

b a
¢ = f d.rf dy - poudly ch (Kx) exp (Jwt),
—b 0

2uourioa
= L“,Lsh (Kb) exp (jwl).

At the slab’s surface we have:

!
6= f dl- Iy ch (Kx) exp (jot),
0

8 = U, ch (Kx) exp (jwl).
Hence, the magnetic impedance Ry =0/¢ is given by:

R b \/2\/, - ] ( b
_—= — vcth{—
Raro dy J dy

V25— 7>; (7
The value Ri is the magnetic impedance at dc: Ry
=1/2 pouab. The absolute value and the phase angle
of the ratio Ry /Ry are shown in Figs. 10 and 11, All
the curves of Fig. 10 start from 1 at b/dy=0 with a
horizontal tangent. The phasc-angle curves of Fig. 11
tend to assume fixed values, if b/dy becomes large with
respect to unity. These fixed values are marked in the
figure.

Finally, we evaluate the eddy-current losses in the
stab per unit of volume:

o b
Py = ~—f | Ez2| dx.
26J

The electric-field strength E, (effective value), in the
present case, is:

wuour Il
_ TR0 b (Kx) exp ().

»

E =
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1A

b
0 1 2 3 4,
Fig. 10—Absolute amount of the magnetic impedance Ky of a slab
according to Fig. 1 at a symmetrical magnetic fickd over its value
Ryeat dc, as dependent on b/dy at three different values of .,

140
] arg RNR
130 M,

° ! : e

Fig. 11—"hase angle of the ratio Ky /Ky, as dependent on
b/do at three different values of v.

From this we obtain
sh (2ab) sin (28b)
dab 28b

- &
la®h? + 28%b* S

Py = o(wpou,I1:b)*\ —
The expression in brackets is shown in IFig. 12 as a func-
tion of b/dy at y=0, 1 and 2. Ml these curves start
from % atb/d,=0.

V. DEPTHS OF PENETRATION OF
ALTERNATING FlELDs

In the calculation of this depth of penetration. we
refer to Fig. 13, which depicts the plane boundary of a
semiconductor and the adjacent vacuum. We assume:

ata = 0 E

atxy = oo E = 0.

Eo exp (iwt)
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Fig. 12—Losses per unit volume (Py) over a{wpoprH b ) as
dependent on b/dy at three different values of .
4

vacwum E'xl semiconductor :r'l

€ .iul

Fig. 13—Coordinate system for the calculation
of the depth of penetration.

Then,
E = Eo[ch (Kx) — sh (Kx)] exp (jw!).

The depth, di, of penetration is defined as the distance,
x, from the boundary, at which the absolute amount of
the field strength has dropped to 1/e of its value at the
boundary, ¢ being the basis of Napierian logarithms:

E(dy) 1
E | e
Some calculation yields
[y =y, ©

d

where do?=2/wopon,. As already mentioned in Section
I, the valtue dy corresponds to the depth of penetration
in a conductor of conductivity ¢ and relative permea-
bitity u,.

The ratio di/d, is plotted in IFig. 14. At values y<1,
we have approximately

2

As is to be expected, d; is always greater than do. Skin
effect at a metal-semiconductor contact has been con-
sidered previously.® neglecting, however, the influence
of displacement currents.

6 H. C. Torrey and C. A. Whitmer, “Crystal Rectifiers,” McGraw-
Hill Book Co., Inc., New York, N, Y., p. 421: 1948,

Fret and Strutt: Skin flect on Semiconductors

0 1 2 3 4 by

Fig. 14—Depth of penetration d, in a semiconductor, over
its value dp at y=0, as dependent on y.

V1. EXTENSION TO INCLUDE Il YSTERESIS
(CoMPLEX PERMEABILITY)

If we approximate the hysteresis loop by an ellipse,
the linear relation between B and IT being preserved,
this hysteresis loop may be accounted for by the intro-
duction of a complex permeability u, =u,1 —jus. In this
case, (2) must be replaced by

AE = [juo(woun + €oew’un)
+ polwope — eerw’un) |E.

FHence, we obtain, instead of K2, a quantity K2, given
by the right-hand expression in square brackets. The
quantity y must be replaced by i, which is given by

Hr2
€€ — 0 —
Hrl
M= i
Hr2
o + €penw
Hr1

whereas the quantity dy must be replaced by 6o:

2

602 e S —

waops + €oerwptopre

We may then use the curves of I‘igs. 2-6, 10-12, and 14
also in the present case, using i instead of ¥ and & in-
stead of do.

Obviously, in the case of ferroelectric materials, their
hysteresis curves may also be approximated by ellipses,
corresponding to a complex dielectric constant, € =¢,
—jenn. The changes to be applied to the above formulas
are simple to work out and need not be detailed here.
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Excitation of Piezoelectric Plates by Use of a
Parallel Field with Particular Reference
to Thickness Modes of Quartz*

R. BECHMANNY{, FELLOW, IRE

Summary—The parallel field excitation of piezoelectric plates,
particularly of plates vibrating in thickness modes, and their resulting
piezoelectric stress constants in general and of various quartz cuts
are considered. Quartz AT-cut crystals excited by a parallel field are
of practical interest for high precision frequency control and the
data of the equivalent electric circuit of a 1000-kc AT quartz oscil-
lator excited by a parallel field are given.

l. INTRODUCTION

IEZOLELLECTRIC oscillators having the form of
plates or bars, vibrating in various modes of mo-

" tion, e¢.g., thickness modes, contour modes or
extensional modes, generally can be excited by an elec-
tric field perpendicular or by a field paraliel to the ma-
jor surfaces of the plate. Fig. 1 schematically shows the
excitation by a field perpendicular to the thickness of
the plate; Iig. 2 shows the excitation by a parallel ficld,
In FFig. 1, two electrodes are arranged on either side of
the crystal plate. normal to the thickness direction. In
INig. 2, the electrodes are arranged so that each covers

-
e . /?,/

—F

Fig. 1—Electrode arrangement for piczoelectric excitation
using a ticld perpendicular to a plate.

///

r',/Aﬁ/
- =
[@_’V —

L

/
‘/ a
e s

Fig. 2—Electrode arrangement for piezoelectric excitation
using a ficld parallel to a plate.

* Received by the IRI, November 17, 1959; revised manuscript
received, January 6, 1960.
T U. 5. Army Signal Res. and Dev. Lab., Fort Monmouth, N, J.

part of both major surfaces leaving a gap g parallel to
the major surfaces of the plate. Atanasoff and Ilart! ex-
cited thickness modes of quartz plates by a parallel field
for the purpose of determining some of the elastic stiff-
nesses. The excitation of various contour modes of dif-
ferently oriented square and rectangular quartz plates
was thoroughly investigated? and the general expression
for parallel field excitation of thickness modes was given
by R. Bechmann.? Excitation by a parallel field of the
various contour and thickness modes of plates of the ori-
entation (yx/)8,* specified for the various crystal classes
for determination of the clastic stiffnesses and the
piezoelectric stress constants, are discussed by Bech-
mann and Ayers;® this excitation has been used particu-
larly for the determination of the elastic stiffnesses of
some water soluble crystals. For plates of the orienta-
tion (yx/)8. vibrating in thickness modes, the formula
for the parallel field excitation was shown previously.®
lowever, the application of parallel field excitation of
AT-type crystals is of interest particularly for applica-
tion to high precision frequency control. Such crystals
have a much higher value for the impedance. It has been
found that the values for Q are higher in the case of
parallel field excitation. Some experimental results con-
cerning parallel field excitation are given in Section [V

I, ExcitatioNn oF THICKNESS MoODEs OF PLATES

The theory of thickness modes of infinitely extended
plates of anisotropic media is well known? and the for-
mulas need not be repeated. In the general case when

']V, Atanasoff and P. J. Hart, “Dynamical determination of the
elastic constants and their temperature coefficients for quartz,” Phys.
Rev., vol. 59, pp. 85-96; January, 1941,

? R. Bechmann, “Lingsschwingungen quadratischer Quarzplat-
ten,” Z. Phys., vol. 118, pp. 515-538; February, 1942,

3 R. Bechmann, “Uber Dickenschwingungen piezoelektrischer
Kristallplatten,” Arch. elekt. Ubertragung, vol. 6, pp. 361-368;
September, 1952; Addendum, vol. 7, pp. 354-356, July, 1953.

* Throughout this paper, the IRE “Rotational Symbol” is nsed.
(To be found in “Standards on piezoelectric crystals, 1949," Proc.
IRE, vol. 37, pp. 1378-1395; December, 1949.) From this the appro-
priate_transformation can casily be derived. (See R. Bechmann,
“Zur Festlegung der Orientierung von Kristallplatten und die zu-
gehorige  Koordinatentransformation,”  Arch. elekt. Ubertragung,
vol. 7, pp. 305-307; June, 1953.)

# R. Bechmann and S. Avers, “Theory of dvnamical determina-
tion of elastic and piezoclectric coustants,” in “Piezoelectricity, "
Post Office Research Station, Her Majesty's Stationery Office,
l.ondon, 1957.

¢ R. Bechmann, “Filterquarze im Bereich 7 bis 30 N1z,"” Archiz.
elektr. Ubertragung, vol. 13, pp. 90-93; February, 1959,

"W. G. Cady, “Piezoelectricity,” McGraw-11ill Book Co., Inc.,
New York, N. Y.; 1946,
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the direction of the electric field s,(/;, my, ny) and the
direction of the propagation s(/, m, n), that is the normal
of the plate, form an arbitrary angle, the resulting piezo-
clectric stress constant can be written as®

e = p=i¥ + =2+ rZ0 Q)]

where p, ¢ and 7 are the direction cosines of the motion
of the mode. These direction cosines are solutions of the
third-order secular equations for the thickness modes
and the three sets of direction cosines pi, g5, 7: (1 =1, 2, 3)
solutions of the two shear modes and the extensional
mode. In an anisotropic medium, these direction cosines
are neither parallel nor perpendicular to the direction of
propagation so that in general the modes corresponding
to the three displacements are not purely extensional or
shear. The constants Z;¢ (i=1, 2, 3) for the most gen-
eral case—the triclinic crystal having 18 different piczo-

electric stress constants e (=1, 2, 3, u=1,2---6)—
are given by
[ I mpm o mgn owem uld A g oyl
| — _ B _ R ~
oG en €2 €35 [£5] €36 €31 €5 €16 en
20 41 O €34 €24 €32 €36 €14 €12 eas (2)
oY [4F (£} €31 €23 €34 €35 [¢E} €y €5

where the piezoclectric moduli Z;¢) are obtained as sums
of the products of the corresponding e’s and the dircc-
tion cosines expressions listed at the top of this equa-
tion; e.g.,

210 = eyl + esstmym + exsipnn + exsmipn + ezgigm
+ esuid + ewslon + ewslym 4 eamyl.

For a field parallel to the plane of the plate, the condi-
tion of orthogonality,

I+ mm 4 nen = 0, 3)

must be fulfilled.

When the direction of the electric field s; coincides
with the normal of the plate, /=1, m;=m, n;=n, the ex-
pressions =, reduce to those for the usual excitation
perpendicular to the plate =;

1 m? n? mn nl Im
= en e €35 ess+ a6 entens eisten  (4)
= €16 Cx2 €34 eayte32 ez6 13 €1:+0as
= e1s €24 €33 eastes exs e e1y+eas.

Two quartz cuts are considered: 1) a rotated Y-cut, a
plate of the orientation (yx/f)8y, with the angle 6 de-
scribing the orientation of the plate and the second angle
¥, describing the direction of the clectric field in the
plane of the plate and 2) a rotated X-cut, having an ori-
entation (xy/H)6y.

1) For the rotated Y-cut, (yvx/1)8y, the transformation
matrix is given by the product of two rotational ma-
trices: i.e., the rotation for the plate and the direction of
the field and is

| X v z

t _ . — - e
x’ cos ¥ sin @ sin —cos 8 sin ¢
v’ cos 8 sin @
z' sin ¢ —sin 8 cos ¥ cos 8 cos . (5
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The direction cosines for the normal of the plate and the
field in the plane of the plate are

1=0,

l; = cosy, my

m = cos 8, # = sin@

sin 8 sin ¥, 1, = — cosf@siny,

where the angle ¢ is measured hetween s; and the X-
axis. Thus, for excitation by a field perpendicular to the
plate E. in accordance with (4),

&1 = — pilencostd + egcosfsing), e =0,e5 =0, (6
and for a field parallel to the plate E| according to (2),
ey = — pilencosfsinb + ey sin®8) siny

— qi(en cos§ — eysinf) cosy (7)
+ rie13cos b cosy.
Considering an AT quartz plate with an orientation

6=35°15", we obtain the following values which solve
the third-order secular equation mentioned:

| Elastic
i Mode Stiffness ¢;2*  p; qgi rs
108N m—2
1 Shear Mode 1 29.37 1 0 0
2 Shear Mode 11 [ 38.41 [ 0 0.6244 —0.7811
3 Extensional Mode 130.67 0 0.7811 0.6244.

* ;0 denotes the clastic stiffness at constant electric displacement.

The values for the piezoelectric stress constants in
C m~2 using e, =0.171 and ey = —0.0406 are as follows:
Field perpendicular, Ey

e, = 0.0933,
Field parallel, E
ery = 0.0673 sin ¢,

e =0, e; = 0

esy = 0128 cos ¢, ey = 0.107 cos .

By application of a field £, Shear Mode [ only can
be excited. By application of a ficld £, generally all
three thickness modes are excitable except for ¢ =0, the
direction of the X-axis, where Shear Mode 11 and the
Extensional Mode only can be excited and for ¢ =90°
where Shear Mode [ only can be excited.

2) The transformation matrix for a rotated X-cut,
(xylt)8, is

x v z
X’ cos 8 0 —sin 8
3’ sin @ sin ¢ Cos Y cos @siny (8)

z sin 8 cos ¢ —sin ¢ cos 0 cos .

The direction cosines for the normal of the plate and the
field in the plane of the plate are
| = cos @, m =0, n= —sing

[, =sinfsiny, m; = cos ¥, ny

cosfsiny,

where the angle ¢ is measured between s and the Y-
axis. Excitation by a field perpendicular to the plate £,
is expressed by

ei = piew cos® @ — gie cosfsin g, 9)

and excitation by a field paralicel to the plate Ej, by
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ey = (pier1cosfsin® — g.e4sin20) siny
+ [p,~el4 sinf — (q:ell + rl‘eN) cos 0] cos y. (10)

For each mode there exists an angle ¥, giving the direc-
tion for maximum excitation by a parallel field in the
plate. The general expression for the optimum angle
Yo of the plate (xylt)0y" is given by the expression

e piern cosBsin @ — g.e4sin2f
tan 't = —

— I
piewsin @ — (g.en + rien) cosd
Similar but more complicated expressions hold for thick-
ness modes of double rotated plates which, for the sake
of brevity, will not be given here. Considering an X-cut
(xy), (6=0), we obtain the following values:

| Elastic
1 Mode Stiffness ;2 | p; q; r
10N m 2 |
1 Shear Mode | | 29.26 0 —0.8160 —0.5331
2 Shear Mode 11 ‘ 69.32 0 —0.5311 0.8460
3 Extensional Mode 82.48 | 1 0 0

The values for the piezoelectric stress constants in C m—2
are as follows:
IField perpendicular to the plate E.

e = O, € = 0, es = 0.171,

Field parallel to the plate Ey

ey = 0.145 cos ¢, eay = 0.091 cos ¢, esy = 0.

The optimum excitation for both shear modes using the
parallel field excitation coincides with the V-axis.

Another example is the rotated X-cut, (xylt) 30°%,
Shear Mode I, having a small temperature coefficient of
frequency. FFor this cut, we obtain

Elastic '

i Mode Stilfness ;0 pi qi ri
109V m—2

1 Shear Mode 7| 38.58 0.2071 0.9553 0.2109

2 | Shear Mode I1 44.53 ' —0.6549 —0.0278 0.7553

3 Extensional 112.22 0.7273 —0.2943 0.6200,

Mode

giving the piczoelectric stress constants in ¢ m=2 for a
ficld perpendicular to the plate E,

e =0.010, e =0.084 e =0.099,

and for a field parallel to the plate E

ey =  0.025siny — 0.139 cos ¢
ey = — 0.049siny + 0.044 cos
esy = 0.051siny + 0.051 cos . (12)

The angles for maximum excitation of this plate are
given by

lﬁo(l) - 1()014/; lpo(?) E— 48°]2’; 'p“(.’i) = + 45012/_

These optimum angles, of course, are functions of the
mode considered and the orientation of the plate.
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I EQUIVALENT ELECTRIC CIRCUIT OF THICKNESS
Mobes By USE 0oF PARALLEL FIELD EXCITATION

The data for the elements of the equivalent electric
circuit of a plate vibrating in one of the thickness modes,
when excited by a parallel field and the electrodes plated
on the surface of the plate, are dependent on the width
of the gap between the two pairs of electrodes. An ex-
ample for the variation of the inductance as function of
the width of the gap for an AT-type crystal oscillating
at 750 ke, was shown previously.® The expressions for
the data of the equivalent electric circuit following from
consideration of the potential distribution will be dis-
cussed in a forthcoming paper.

IV. EXPERIMENTAL RESULTS ON AT-TYPE CRYSTALS

The application of parallel ficld excitation to AT-type
crystals is of interest, particularly for application to high
precision frequency control. A sample of an AT-type
high precision quartz crystal for 1000 ke excited by a
parallel field has been manufactured by Bliley Electric
Co.® The contoured blank of this unit is identical with
blanks used for perpendicular field excitation in Bliley
BGY9A high precision oscillators for 1000 ke having a
diameter of one inch. The crystal was evacuated. The
measured data of this experimental model excited by a
parallel field are shown in the third line of Table I. The
gap between the electrodes is 0.040 inch. For compari-
son, the data of the crystal type Bliley BG9A, 1000.000
ke vibrating in the fundamental mode, and the crystal
type Bliley BG61A-5, high precision 5 mc vibrating in
the fifth overtone, are summarized in the first and sec-
ond line of Table 1. The frequency using parallel field
excitation in the example givenin Table I is about 4- 10—
higher than for perpendicular field excitation and de-

TABLE |
f ol G L R G
ke 104 pF H | @ | pF | 10

1 Field Excitation
Bliley BG9A 1000.000 1 177 5 .
Bliley BG61.\-5 | 5000.000 5 1.15 8.8 125 4.5 2.2

|l Field Excitation | |
Experimental |
Model 1000.381 | 1 3.35

pends on the width of the electrode gap. The very high
value of the inductance L, for parallel field excitation is
remarkable and can further be increased by a wider gap
width.

# R. Bechmann, “Improved high precision quartz oscillators using
parallel field excitation,” Proc. 1RE, vol. 48, pp. 367-368; March,
1960.

? Erie, Pa.
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Transient Behavior of Aperture Antennas™

CHARLES POLK{

Summary—The transient behavior of aperture antennas is ana-
lyzed. For an antenna which is illuminated by a field of uniform phase
and either uniform or cosine tapered amplitude, it is shown that the
steady-state main lobe is established within (r/2+R/c) seconds
after the aperture is energized. r is the period of the carrier frequency,
R is the distance from the center of the aperture to the point where
the field is evaluated, and c is the velocity of light. The time required
for the establishment of the steady-state pattern at all angles between
0° and 90° is (r/20,-+ R/c) where 26, radians is the beamwidth be-
tween first nulls of the steady-state pattern (,<<1). An antenna may
be useful, however, before (v/28,+R/c) seconds, because the
maxima of the transient sidelobes are not higher than the maxima
of the steady-state sidelobes.

The requirement that the steady-state pattern be established at
all angles between 0° and 90° leads to a limitation on range discrim-
ination AR and angular discrimination 3@ for a pulse radar
ARA0 =), where \ is the wavelength of the carrier frequency.

For a scanning antenna employing linear phase variation over the
aperture, it is shown that the main lobe, located at an angle 6..x, is
established within a time (r/2+ R/c+a sin 6,../2c) measured from
the instant at which one edge of the aperture is first energized. The
quantity a is the dimension of the aperture in the plane in which the
field is evaluated.

INTRODUCTION

Y simplest physical picture which can be used
to explain how the radiation pattern of a large
antenna is formed emplovs Huvgens' principle.

As illustrated by Fig. 1, the pattern is due to the fact
that waves which originate at different points on the
aperture reinforce each other at some points in space
and cancel each other at other points. This picture em-
plovs, of course, steady-state concepts. It refers to a
single frequency and well-defined phase fronts. Never-
theless, it suggests what might happen in the transient
case. At point Py in Fig. 1, for example, energy which
has to travel the distance 7’ will arrive later than energy
which only has to travel over ry’. Thus, during a short
time interval after the antenna is switched on, waves
from .1, and .ls will not cancel at P, llow long this
transient effect lasts clearly depends upon how far the
points .11 and .15 are separated. One would thus expect
that the transient behavior of the antenna will at least
depend upon the size of the antenna and in particular
upon the size of the antenna as related to the velocity
of electromagnetic energy in free space (0). If a/c is
stall, one would expect a transient effect of very short
duration. \s a/c is increased, the transient effect should
become more important,

In recent vears, antennas of ever-increasing size have
been built and the use of the moon or of planets as re-

* Received by the IRE, July 16, 1939; revised manuscript re-
ceived, January 12, 1960.

1 University of Rhode lstand, Kingston, R. . This work was
completed while the author was at RCA Labs., Princeton, N. J.
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Y

P:r =T ADDITION OF WAVES

A '

Pif+ % =r, CANCELLATION OF WAVES

Py: 17+ A =r; ADDITION OF WAVES

Fig. 1—Pattern formation.

flectors has been considered. At the same time, the use
of very short pulses for the accurate location of objects
and the rapid scanning of antenna beams has become
important. Thus applications exist, or are at least under
investigation, where the transient behavior of large an-
tennas may impose essential limitations upon over-all
system performance.

In the present paper a rigorous, detailed solution of
the boundary value problem involving a vector wave
equation is not attempted. Instead, an approximate
method (developed in Appendix 1) emploving Fourier
Integrals and the Kirchhoff solution of the scalar dil-
fraction problem is used. It has the advantage of being
relatively simple, and it permits the direct application
of a vast amount of results which have been obtained
during the past two decades for aperture antennas in the
steady state [1]. The limitations of the method are those
of scalar diffraction theory: the signals applied to the
antenna must be such that most of their energy is con-
tained in a frequency spectrum over which the antenna
is large in terms of wavelengths; simple linear polariza-
tion is assumed and only points outside the near-field
(further than several wavelengths from the antenna)
can be considered. Not inherent in the method, but used
to obtain the results given below, is the further restric-
tion to Fraunhofer radiation patterns; that is, to points
farther than about a?/N from the antenna.
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Basic IZguaTioNs

The signal applied to the antenna is an arbitrary
function of time f(¢). If F(w) is its Fourier mate defined

by

! N iw!
R = f_wf(/)e iy, (1)

then

AOIS = (2

1 oc
f F(w)e“'dw.
\/27I’ —20
Let w be the radian frequency, let the vector 7 locate the
position of a point in space, let r, 8, and ¢ be spherical
coordinates, and let £ and n be the coordinates in the
plane of the aperture 4. Then, if Py(7)=K(7)g(7, w)
= Ko(&, n)g(&, n, w) is the field distribution over a speci-
fied plane aperture (where A, is the amplitude and g the
phase distribution) it can be shown [1] that the steady-
state Fraunhofer field R(7, w) is given by
i

R(7, w) = o eiwt=kn(cos § + i1z-5)

. f Po(¢,7) exp ik sin 6(£ cos ¢ + nsin ¢)didy, (3)
A

where % is the phase constant (2r/wavelength). The
unit vector 7z is normal to the aperture plane, and the
unit vector § is normal to the incident phase front. \When
writing iz-§ outside the integral sign, one assumes that
the phase front incident upon the aperture is plane;
however, its orientation does not have to coincide with
the aperture plane (in that case, iz-5 would be equal to
unity). Results obtained by (3) are given for many types
of aperture illumination by Silver [1].

In Appendix I it is shown that, subject to the limita-
tions enumerated in the introduction, the radiation field
is given as a function of time by

7 = ! wr R(7 wid, 4
$r.0 = f_, (W) R(, w)ewde. )

Results obtained by (4) are given below for various
signals f(#) and various aperture distributions Ko(7).
Rectangular apertures and aperture distributions which
are separable in rectangular coordinates will be assumed.
Under these circumstances, the radiation pattern can be
written as a product of two functions, each correspond-
ing to the aperture distribution along one of the axes
(¢ or m). As far as transient behavior is concerned, all
significant results become apparent if radiation patterns
in one of the principal planes such as the x-z plane
(where ¢ =0) are considered [2]. Consequently, only the
transient fields in that plane are evaluated below.

REsproNsE TO STEP FuNncTiON

A step function which is superimposed upon a carrier
can be written as
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1<0
1> 0. (5)

f( =0
f() = sin wit

Its frequency spectrum can be obtained by (1) and is
given by

) = - — ©
W) = — — .
2wt — w?

The steady-state radiation field of a uniformly illumi-
nated aperture (i.e., one with constant amplitude and
phase) can be obtained by (3). In the ¢ =0 plane the
result, as given by Silver [2], is

iAe " @R/9 gin wx

R, 0) = St -

where 4 is the area of the aperture, R the distance of the
point where the field is evaluated from the center of the
aperture, ¢ the velocity of light, and x is given by

a

x = —sin 6. (8)

2c
The quantity a is the length of the aperture in the plane
¢=0.

The radiation field ¢ as a function of time is obtained
by (4). The result is conveniently expressed in terms of
the variable ¢ which is the time measured from the in-
stant when the signal is switched on, less the time which
it takes electromagnetic energy to travel the distance R
in free space, as follows:

R
g=t——" 9
c
We also employ the constant
.‘1(.01
M=—. (10)
4wcR
The radiation field is then given by
Cos xw; |
vo=M sin gw; 0 <¢g<uy, (11)
Ywy
SN AW,
vo=M COS gw; g 2 x. (12)
RYA

The result expressed by (12) clearly corresponds to
the steady-state antenna pattern sin vw;/xw;. However,
it is apparent that a time interval ¢ larger than R/c is
required before this steady-state pattern is established.
This interval is determined by the critical value of ¢,

= x = —siné.
e 2c

(13)

Thus on a line normal to the center of the antenna
(8 =0), the steady-state value of the field is established
at ¢=0 while for larger values of 8, the delay g becomes
larger.
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It is interesting to determine the value of ¢ required
for establishment of the steady-state pattern in the
region of the main beam only. The location of the first
null in the sin xw;/xw; pattern is given by xw;=m or
sin 8= (\/a). Substitution into (13) gives

(14

where 7 is the period of the carrier frequency. On the
other hand, establishment of the steady-state pattern
at all angles between 0° and 90° requires ¢ =a/2¢, and
for an antenna of specified beamwidth (between first
nulls)

A
20, = 2sinfy = 2— (15)

5

one may also write, in view of (13),

a A T

- = (16)
2¢ 0()26 200

ql.mux -

Thus for a beamwidth 26, of 0.01 radian, the delay
gruax 18 equal to 100 periods of the carrier frequency.

Several transient patterns are shown for the neighbor-
hood of the main lobe in Fig. 2. Each curve corresponds
to (11) for g<x and to (12) for ¢>x. Both equations
give the same numerical result at ¢=x.
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0z I,’ '| ‘\2( \. P xs{sin8)la/2¢c)
! \ /‘\ // \q-6.25(ld")uc,(0¢.--§)
H i N kWt
o - \ X Nqs2.12500Msec,
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- Py (e (Ucn » 0.4257)
N { l l \ ,’ \1.745(00'5)'
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| i - : \
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)
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Fig. 2—Transicut patterns of uniformly illuminated aperture.
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It is very important to notice that for a fixed antenna
beam, the significant limitations as far as applications
are concerned are expressed more realistically by (14)
than by (16). The reason is that beyond the main lobe
region, the only transient cffect is that the sidelobes shift
in position without changing amplitude. This is clearly
apparent from examination of (11) and (12). Beyond the
second null of the steady-state pattern (xw;>2m), for
example, relation (12) gives

sin rw; 1
<

17
< an

Xwi1

while (11) gives

COS AW 1
<

(18)

Xw1 - 21!'

The results expressed by (11) and (12) are those for
an aperture illuminated by a constant-amplitude, con-
stant-phase field. Corresponding results for a tapered
illumination are the following:

L2
Ko(§) = cos—z— | £| <1 (cosineillumination), (19)
itAde @RI cos wx
R(,w) = — : (20)
AR w2 — 4oix?
Awl
M= , (1)
mcR
o 1 N .
=M 1r"—— doe sin ? ;— — sin &w; Sin gw
0<¢<x, (22)
R COS Xwy >
Y = ;r2 - 4w12x2- COS qw; g2x (23)

The steady-state pattern is given by (23) and the
limiting condition is again (13). The location of the first
null in the steady-state pattern is given by xw,=(3/2)w
or sin 8 =(3/2)(\/a), and the critical time required for
establishment of the steady-state pattern in the region
between first nulls is

(24)

which is of the same order of magnitude as (14).
REsponsE TO RECTANGULAR PULSE AND
LIMITATIONS ON RADpAR RESOLUTION

We consider a rectangular pulse of duration w super-
imposed upon a carrier frequency wy:

=0 1< 0
f() = sinwy! 0<I<w
=90 t>w. (25)
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This pulse is applied to the uniformly illuminated aper-
ture whose steady-state radiation pattern is given by
(7). One may consider this pulse as the addition of two
step functions, one of positive sign applied at =0 and
one of negative sign applied at t=w. It is necessary,
however, to allow for the condition that sin wy is not
necessarily equal to zero at t=w, while it is of course
equal to zero at t=(0. The frequency spectrum of (25) is

1 1

V2 w? — w?

Flw) =

- [wr — e (w, cos wiw + iw sin wiw) 1. (26)

By the application of (4) and (7), one obtains the
radiation field

v =1~ ¥ (27)
Yo is given by (11) and (12), and ¢» is given by
COS Xw; |
o= M sin gw, 0<(¢g—w)<x, (28
Xw
sin xaw;
Y= M COS quy (g — w) > x. (29)
Xw,

At the beginning of the pulse the time ¢y, given by
(13), is required for the establishnient of the steady-
state pattern, and all considerations embodied in (14)
to (18) also apply.

If the pulse is long enough (w>x) so that the steady-
state condition expressed by (12) can be established, it
follows from (27) and (29) that the signal subsides to
zero when ¢ 2 (x4+w). From (27) and (28), it is clear that
a transient pattern will exist at the end of the pulse
during the interval w<¢g<(x+w).

In view of (11) and (27), the steady-state pattern is
never established when w<x. If we substitute w for ¢,
in (14), we obtain the minimum pulse length required
for establishment of the steady-state radiation pattern
over the main-lobe region of that pattern,

T

w = — -

; (30)

If we assume that the best range resolution AR, which
can be obtained from a radar which emits such a pulse
is ARy =wc, then it follows from (30) that

ARo =
°T

31

Il a criterion corresponding to (16) is used; that is, if
one requires a pulse of sufficient duration for establish-
ment of the steady-state radiation pattern at all angles
between 0° and 90°, which implies that

w Z Yoax O WY Z ’ (32)

o
NI
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one obtains in terms of the beamwidth 26, between
first nulls,

A
w2y 2> — (33)
c
or
AR(26y) > . (34)

If 26y is a measure of the best possible angular resolu-
tion, this equation gives a limit for the product of angu-
lar and range resolution. In view of what has been said,
however, in the discussion of (16) and (17), the relation
(34) does not necessarily constitute a limitation in most
applications of antennas. If the radiation pattern only
in the vicinity of the main lobe is of interest, (31) ex-
presses adequately the limitations on radar resolution
which result from the transient behavior of the antenna.

SCANNING ANTENNAS—LINEAR PHASE VARIATION

An application where the transient behavior of aper-
ture antennas is particularly important is that of elec-
tronic scanning. Clearly one cannot move a beam of pre-
scribed shape at a rate which does not allow sufficient
time for the formation of the desired beam.

The simplest aperture distribution which will give a
main lobe in a direction other than =0 is that of con-
stant amplitude and linear phase:

Po(E, 1) = leirte, (33)

IFrom (3) it follows that the steady-state field in this
case is given by

ide(RI9(cosf + +/1 — pi?)
2wcR

. < pa)
sinw{ x — —
2

e

The direction of the peak field intensity is, as a conse-
quence of (36), determined by

(306)

37

sin Ona, = pc.

To analyze the transient behavior, we assume a step
function

=98 =0 1< pt

ft = pt) = sinw(t — p&) (38)

This time function implies that the aperture —a/2<%
<a/2 is first energized at 1= —pa/2 along the line
&= —a/2. Thereafter, the signal appears successively at
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larger values of £ The center of the aperture, £=0, is
energized at {=0. This corresponds to the physical situ-
ation in a scanning antenna which is fed by an RI" delay
network.

Substitution of (36) into (4)—a procedure which is
justified in Appendix I [(61) to (66) ] —and use of the
Fourier transform (6) of the step function gives results
very similar to (11) and (12):

R
g=1t——> (9)
¢
- Aoy (cos 8 + V1= p2?) (39)
T meR ren
(-%)
cosay [ — P
— MII _ —
¥ ( pa) sin qun
w1 2
0<¢< (x—p—za>y (40)
. ( pa>
sinw (v — —
2 pa
v=M" - ——Cosqu ¢ 2 (x - 7) - (41

(-7
v —
2

The time interval ¢ bevond the delay R/c¢ which is
required for establishment of the steady-state field is

pe o pa
q'1=x——=—sm0—?-

2 2c (12)
At the location of the pattern maximui, given by (37)
the value of ¢y is zero just like the value of ¢, given by
(13) was zero for 6 =0. One should notice here, however,
that in view of (38) the power was applied at least to
one point (or one line) in the aperture at t=—pa/2. I
we therefore measure time (delayed by R/¢) from the
instant when the power was first turned on, we must
consider

R
Q=l——c—+lfa/2- (43)

The criterion for existence of the steady-state field is
then

Q2 x, (44

and the maximum of the steady-state pattern will be es-
tablished at the location given by (37) when
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0.

) (45)

For example, for 8.« to be located at 45°, p=2.357
(109 from (37), and if a 200-meter antenna is em-
ployed, the delay Q1 is 0.2357 usec beyond R/c.

The time beyond R/c¢ necessary for establishment of
the steady-state pattern over the region between first
nulls is
pa

+ —

o/ = PR (46)

Finally, the time necessary for establishment of the
steady-state pattern at all angles between 0° and 90°, is
in view of (44), given by Q=a/2¢. Like (16), this can be
written in terms of the beamwidth between first nulls.
Neglecting the factor cos 8+4/1—p* in (36). one ob-
tains

T

,max — —__ ° 47
0 5 (47)
CONCLUSIONS

It has been shown that the transient behavior of aper-
ture antennas can be analyzed, within the limitations
outlined in the Introduction, by a combination of scalar
diffraction theory and the application ot the IFourier In-
tegral theorem. The results are as follows.

1) In all situations which were analyzed, the critical
parameter (sin 6)a/2¢ appears, indicating that the
transient behavior of the antenna depends upon its size
as related to the velocity of light, and that transient
conditions in the radiation pattern depend upon the
angle from the normal to the antenna.

2) The steady-state main lobe of an antenna illumi-
nated by a field of uniform phase and uniform amplitude
is established within (/24 R/c) seconds! after the aper-
ture is energized.

3) For the same aperture, the time required for the
establishiment of the steady-state pattern at all angles
between 0° and 90° is (7/200+R/c). 7/20y is in general
much longer than 7/2, because 6o measured in terms
of radians is usually very much less than unity. An
antenna may be useful, however, before the period
(7/204+ R/c), because the maxima of the transient side-
lobes are not higher than the maxima of the steady-
state sidelobes.

4) The requirement that the steady-state pattern be
established at all angles between 0° and 90° leads to a
limitation on range discrimination and angular discrimi-
nation of a pulse radar as defined by (30) to (34).
ARAI>N.

1 37/4+R/c seconds for cosine distribution.
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3) For an antenna with uniform amplitude and linear-
Iy varying phase—which could be used as a simple scan-
ning antenna—it has been shown that the main lobe of
the steady-state pattern, in the direction of 6,,., is estab-
lished within a time (7/24 R/c+a sin 6,,,./2c) measured
from the instant at which one edge of the aperture is
first energized [(37), (43), and (46) ].

APPENDIX |
DETalLs oF MatneMaTtical METHOD

Derivation of (4)
The problem is to find a solution of the homogeneous
wave equation

oW, D) _

)~ s =0, (48)

subject to the boundary condition that on some closed
surlace S,

¥(7, 1) = f(OKo(7). (49)

The function f(¢) is the pulse applied to the antenna and
K (7) is the aperture distribution. A (7) is neither a func-
tion of time nor of the {requency w, which will be intro-
duced later.

Let us assume that (48), subject to the boundary con-
dition (49), has the solution

40,0 = [ FORG W G0
Substitution of (50) into (48) gives
i f " Flw) [wm, o + < Re, w)]e“‘”dw —0. (51)
V2nrd _, Cit
Hence (50) is the desired solution, provided that
TIR(F, w) + B2R(F,w) = 0 outsideS,  (52)
and
Y= : fxl"(w)lx'(,(F)c‘”’(lw on S, (53)
Vird
where
Ko(F) = R(F, w) on S. (34
From (49) and (53), it follows that
10 = o [ Femas (59)
Vind .

and therefore F(w) is the Fourier mate of f(r), as follows:

vop= o )
F(w) = o f S (36)
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Eq. (50) in conjunction with (53) constitutes a solution
of (48) and (49).

If the aperture is large in terms of wavelengths and if
the aperture field is linearly polarized, it can be shown
[1] that a good approximation to the vector difirac-
tion problem is obtained by the solution of the scalar
problem. Furthermore, (52) and (54) can be solved, sub-
ject to the usual approximations applicable for the
Fraunhofer field, by the Kirchhoff diffraction formula
[1], provided that for all frequencies the illuminated aper-
ture is large in terms of wavelengths and the distance r
from the aperture to the point where the field is evalu-
ated is large (r > a?/\, where a is the largest linear dimen-
sion of the aperture, for validity of the Fraunhofer ap-
proximation).

Background of Method

The solution (50) is suggested by the fact [3] that
“homogeneous differential equations with nonhomoge-
neous boundary conditions (i.e., boundary conditions
such that 50 over some part of the boundary) are es-
sentially equivalent to nonhomogencous differential
equations with homogencous boundary conditions.”

The nonhomogeneous equation corresponding (o

(48) is

1 o%(7, 1) -
() — — ———— = filh), 7
¢z o
which has the following solution [4] as a consequence of
the Fourier Integral theorem [5] and the superposition

principle

)= T RRE @) 58
v = f_ FORG,@eda, ()
where
; 1 “ —iwl S
Fe) = f_ e (59)

Eqs. (58) and (50) are of the same form.

Generalization to Case where .| perture Disiribution is a
Function of Frequency

We consider again the homogencous equation (48).
However, the boundary condition is now

V(7 1) Sl= PE)KU(’:)
f—p8) =0

on .S,

whent < p (60)

If S has a plane aperture which extends from —a/2 to
+a’2 in the & direction, (60) implies that the line
E= —a/2 s firstenergized at t= —pa/2. Thereafter, the
signal appears successively at larger values of & The
center of the aperture, £=0, is energized at /=0. This
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corresponds to the physical situation existing in a scan-
ning antenna which is fed by a phasiug (delay) network.
If f(t—pE) contains a carrier frequency, the notation
used implies that the phase of the sinusoidal carrier will
vary over the aperture plane as sin (1 — £). Thus, (60)
corresponds to a linear phase variation along § in the
steady state.

We assume again that (48), subject to (60), has the
solution (50). Il F(w) is not a function of position,
R(F, w) is again a solution of (52).

Let the value of R(7, w) on S be given by

R(#, @) = Ko(7)g(§, @) (61)

on S,

where Ko(7) is the amplitude distribution prescribed by
(60) and is independent of the frequency w. The func-
tion g(¢, w) is as yet unknown.

By (50) and (62) the value of Y(7, 1) on S must be

= T Rk e (62)
¢_V2wf.w (w)Ko(F)glE, we“dw,

which must be identical with (60). Equating (60) to
(62), one obtains

1 )
flit—p8) = \/2; f_xlf(w)g(g,w)einswgiu—pawdw‘ (63)

trom the Fourier Integral theorem, it follows that

1 o
Fl(e et = f e

If we let v=1¢—pt in the time function prescribed by
(60), or simply by (55) and (36), we have

1 = .
Flw) = \/21r f_wf(z-)c dv. (64)

Consequently

gt @) = emirte, (63)

Using (61) and (65), one can obtain again the solution of
(52) by the Kirchhoff diffraction formuta. The boundary
condition (61) is now that of linear phase variation over
the aperture. F(w) is given by (64) and the solution of
the problem can be obtained by (30).

Areexoix 1l
AMATHEMATICAL SYMBOLS

{=time.
w=radian frequency = 2xf.
wy = carrier {requency of applied signal =2rf1.
¢ =velocity of light in free space.
f(t) = time function (signal) applied to the antenna.
F(w) = FFourier transform of f(t).
#=radius vector locating the position of a point
in space.
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r, 8, ¢ =spherical coordinates.

28, = angular width of steady-state radiation pat-
tern between first nulls (y=angle between
pattern maximum and first nutl).

Omax = direction of peak field intensity, in the steady
state, due to an aperture with linear phase
variation.

£, n=rectangular coordinates in the plane of the
aperture.

Po(r) =fietd  distribution over plane aperture
= Ko(7) g(#, w) = Po(&, 1) = Ku(&, ) g(& 0, ).
K(#) =amplitude distribution = Ko(&, 7).
g(7, w) =phase distribution =g(§, 7, w).
R(#, w) =steady-state Fraunhofer (far) ficld of the aper-
ture.

A =wavelength of em wave in free space.

k= phase constant =2 /\.

iz = unit vector normal to aperture.

§=unit vector normal to phase front.

Y(#, t) =far field of the aperture as a function of time.

Yo="far field, as a function of time, of aperture
with constant amplitude and phase, ener-
gized by step-function superimposed upon
sinusoidal carrier.

Yy =far field, as a function of time, of aperture
with cosine amplitude distribution and con-
stant phase, energized by step function super-
imposed upon sinusoidal carrier.

Y=far field, as a function of time, of aperture
with uniform amplitude and phase energized
by a rectangular pulse of width w, superim-
posed upon a sinusoidal carrier =y —y».

R =distance of a point where field is evaluated
from center of aperture.

a =length of aperture in plane ¢ =0.

x=(a sin §/2¢).

g=t—R/c=time beyond the delay R/c; the an-
tenna is first cnergized at =0 (¢, ¢1", ¢1"'
and ¢, are critical values of ¢).

A =area of aperture.

M=.lw,/47cR.

M =Aw/mcR.

M’ =given by (39).

7 =period of carrier frequency =1/f1.

w =width of rectangular pulse.

ARy =range resolution of radar.

p=parameter used to specify a linear phase dis-
tribution (33); p has the dimensions of sec-
onds per meter.

Q=t—R/C+pa/2=time beyond the delay R/c;
one edge of the antenna is first energized at
t=—pa/2 (Qr, Q' and Q. are critical
value of Q).

v=1{—pE.
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CORRECTION

In “Space Telemetry Systems,” by W. E. Williams,
Jr., which appeared on pages 685-690 of the April,
1960, issue of PROCEEDINGS, the final printing of Table I
(page 687) had some of the horizontal columas not in
proper alignment. The Table, correctly reproduced,
appears opposite.



TABLE I
- - - o | Am t of o 1Rd't—' i Subecarri A imat Weight of I_— :
N | | Amoun i adiation ubcarrier Approximate eight o
Name Frequency | Transmitter | Type Carrier Antenna Polari- Bands} Transmitter | 1ype Power ‘ Batitleries Apogee Perigee (miles) ' Launch
(inc) Power Modulation Modulation Type zation | (If IRIG FM/FM) | Life | Supply (pounds) (miles) | Vehicle
S R — — I 1 { ! {
| | —
| |
Explorer 1 108.00 10-20 mw | FM/PM | 0.7 radian (rms) | Dipole | Linear ‘ 2,3,4,5 34 months Mercury ‘ 2.2 1,573 224 Jupiter C
- | | | batteries |
B i
108.03 i 50-100 mw | FN /AM | 50 per cent Turnstile Circular | 2,3,4,5 4 month ‘ 2.1 |
| !
1 - —
Explorer 111 108.00 10 mw \ FM /PM 0.7 radian (rms) | Dipole Linear i 2,3,4,5 24 months Mercury 2.2 1,746 121 l Jupiter C
! M- | batteries
108.03 *60 mw I FM/AM | 50 per cent Dipole Linear 1} months 3.1
. T D ' |
Explorer IV 108.00 10 mw FM/PM 0.3 radian (rins) = Dipole Linear 1,2,3,4,5 13 months Mercury batteries 1,380 163 Jupiter C
108.03 | 30 mw ‘ FM,/AM 100 per cent Dipole Linear ‘ 1,2,3,4,5 2} months ,
= _— ] s }
Explorer VI 108.06 | *10 mw FM/FM i Two monopoles |  Linear \ 1,2,3,4,5,8 1 month ?ﬁl‘:;iggllls and |
(Paddlewheel) — ; batteries 17 26,000 | 156 ) Thor-Able
108.09 *60 mw FM/FM Two monopoles | Linear 1,2,3,4,5,6 !
| = — i
| 378.00 * 5 watts PCM /PM Two monopoles | Linear |
|
o N o | o | o ' —
Vanguard | I 108.00 10 mw FM Approx. 6 kc Turnstile Circular 19 days Mercury batteries I
l - 10.5 ounces 2,453 407 | Vanguard
108.03 5 mw | FM Approx. 6 ke Dipole Linear Years Solar cells
Vanguard I1 i 108.00 10 mw FM Approx. 6 kc 27 days 10.5 ounces [ ’
I _— B —f————— | Turnstile Circular Mercury batteries — 2,061 350 Vanguard
108.03 | * 1 watt | AM/AM 60 per cent 18 days | 83 ‘
- R . S I
Vanguard II1 l 108.00 \ 30 mw PDM-FM /AM | 100 per cent Turnstile Circular 90 days
| : P " o . Predicted Silver—zinc 22.35¢% 2,330 318 l Vanguard
108.03 | *80 mw AM 100 per cent Turnstile Circular
Pioneer | 108.06 300 mw FM /PM 1.0 radian Dipole Linear 1,2,3,4,5.6 43 hours | Altitude = Space probe. Did
l 70,700 not orbit Thor-Able
— | [— —— Mercury batteries ’ 1
‘ 108.09 100 mv | FM/PM 1.0 radian Dipole Linear 1,2,3,4,5.6 Life of Drobe| |
Pioneer 11 108.06 300 mw FM/PM 1.0 radian ] Dipole Linear 1,2,3,4,5,6 | Altitude | Space probe. Did | o
- S | Life of probe| Mercury batteries | 963 not orbit Thor-Able
108.09 100 mw FM/PM 1.0 radian l Dipole Linear 1,2,3,4,5,6
| N |— _— II S
Pioneer 11 960.05 180 inw FM/PM 0.79 radian Conical pay- Linear 1,2,3 38 hours Mercury batteries 6.6 Altitude | Space probe. Did | Juno II
(peak) load served as | 63,580 not orbit
| | the antenna | l
[ (— = = o= {
I
Pioneer IV 960.05 180 mw FM/PM 0.79 radian Conical pay- Linear 1,2,3 90 hours Mercury batteries 6.6 In orbit around the sun. TM Juno I1
{peak) load served as I data and tracking were con-
the antenna tinuous to 400,000 miles.

* Transmitters have command features. 3
t This battery weight includes power for the magnetometer polarizing field

t IRIG FM/FM Subcarrier Bands (cps) (in part):

1) 400, 2) 560, 3) 730, 4) 960, 5) 1,300, 6) 1,700, 7) 2,300, 8) 3,000.
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Radar Target Classification by Polarization Properties*

J. R. COPELANDY, MEMBER, IRE

Summary—The polarization properties of radar targets are
studied as a parameter related to, but quite distinct from, echo area.
It is found that targets are divided into several different classes.
The polarization properties may be measured by rotating a linearly
polarized radar antenna around the line of sight, and measuring the
complex voltage presented at the receiving antenna terminals.

It is shown that the polarization properties of any target so meas-
ured can be represented by a 3-parameter model (excluding echo
area), and the parameters of such a model can be used as the basis
for discriminating between targets of the same or different classes.

INTRODUCTION

T has been shown by Sinclair' and by Kennaugh?

how a radar target acts as a polarization trans-

former, i.e., how the polarization of a back-
scattered electromagnetic wave will differ, in general,
from the polarization of the wave incident upon a radar
target. Sinclair expressed this transformation as a
matrix which could be incorporated into the radar range
equation.! Kennaugh treated the power received by a
radar of arbitrary polarization, extending geometrical
significance to the transformation by using the Poincaré
polarization sphere.?

The Poincaré sphere is a useful mapping of polariza-
tion states onto the surface of a sphere. The two parame-
ters necessary to describe an elliptical polarization state
are the orientation angle 6 (the position in space co-
ordinates of the major axis of the polarization ellipse),
and the axial ratio r (the ratio of minor to major di-
ameters of the polarization ellipse). An algebraic sign is
frequently attached to the axial ratio to indicate the
“sense” of the elliptical polarization, with a positive
(+) sign indicating right-hand ellipitical polarization
and a negative (—) sign indicating left-hand elliptical
polarization.

| ’ minor axis
] [

g —; —-1<r< 4+ 1. (1)
major axis

* Received by the IRE, August 26, 1959; revised manuscript re-
ceived, December 21, 1959. The research in this paper was sponsored
in part by Air Res. and Dev, Command, Wright Air Dev. Center,
Wright-Patterson Air Force Base, Dayton, Ohio, under Contract
AF 33(616)-5078.

1 Antenna Lab., Ohio State University, Columbus, Ohio.

!'G. Sinclair, “Modification of the Radar Range Equation for
Arbitrary Targets and Arbitrary Polarization,” Autenna Lab., The
Ohio State University Res. Foundation, Columbus, Rept. No, 302-
19, September 25, 1948; prepared under Contract W 36-039-sc-33634,
Evans Signal Lab., Belmar, N. J.

2E. M. Kemnaugh, “Polarization Properties of Radar Reflec-
tions,” Antenna Lab., The Ohio State University Res. Foundation,
Columbus, Rept. No. 389-12, March, 1952; prepared under Contract
AF§8(099)-90, Rome Air Dev. Center, Griffiss Air Force Base, Rome,
N. Y.

Then, according to Deschamps,® defining an ellipticity
angle o by tan o =r permits plotting polarization states
on the sphere by using 2« for latitude and 26 (orientation
angle) for longitude. Thus, the equator of the sphere
contains all linear polarizations, and the poles of the
sphere are opposite-sense circular polarizations. There
is a 1:1 correspondence between polarization states and
points on the sphere, and orthogonal polarizations map
into points diametrically opposite on the sphere.

Kennaugh showed that the polarization transforming
properties of any target are characterized by two null
polarizations; i.e., two radar polarization states exist for
which the backscattered wave is polarized orthogonally
to the radar antenna. In such a case the radar would be
blind to that target.

Kennaugh further suggested that radar targets be
classified according to their polarization transforming
properties, apart from their effective echoing arcas
(radar cross sections). Several classes of targets are
recognized to exist:?

1) Linear Target—The linear target’s null polariza-
tions coincide at a single point on the polarization
sphere. The polarization of the reflected wave is inde-
pendent of radar polarization, but the reflected power
is not. A thin straight wire would be an example of a
linear target.

2) Isotropic Target—The isotropic target has two
orthogonal null polarizations. On the polarization sphere
they would appear at opposite ends of some diameter.
The power in the reflected wave is independent of radar
polarization, but the reflected wave polarization is not.
A homogeneous sphere would be the simplest example
of an isotropic target.

3) Symmetrical Target—The symmetrical target has
two null polarizations located anywhere along parallels
of latitude which are equidistant from the equator of
linear polarizations. (One axial ratio is the negative of
the other.) It has no sense preference for elliptical
polarizations. Any target with a plane of symmetry con-
taining the radar line of sight is a symmetrical target.

4) General Target—The general target has two dis-
tinct null polarizations not located on a common diame-
ter of the polarization sphere. Both power and polari-
zation of the backscattered wave are functions of radar
polarization.

3 G. A, Deschamps, “Geometrical representation of the polariza-
tion of a plane electromagnetic wave,” Proc. IRE, vol. 39, pp. 540-
S544; May, 1951,
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Types 1 and 2 are mutually exclusive classes, while
type 3 is a very large class containing all isotropic and
some linear targets. Practically all simple target shapes
have planes of symmetry and fall into this third class.
A symmetrical target might be described as a gencral
target having no sense preference.

IDEALIZED TARGET MoODEL

In the following development, it will be convenient
to replace the radar target by a mathematical model. Tt
should be stressed that the model represents the target's
polarization properties only at a specific frequency and
a fixed aspect, and is used only to formulate the polari-
zation state of the scattered wave. The analysis is re-
stricted to monostatic, or backscattered echo.

The idealized model will consist of two fictional an-
tennas of different elliptical polarizations, so coupled
tozether that all energy received by either antenna is
retransmitted by the other back toward the radar
(see Fig. 1).

y u
v, G ®
Antenna ¥2 \\ ,/
N\
\@ —> Radar
Antenna #}
u
4
4 y
Vs
G
—<—> = ~
AS
Polarization Ellipse ¥| Polarization Ellipse #2
(As Seen From Rodar) (As Seen From Rodor)
y
y u
v {

o

Fig. 1.

It is necessary to assume that all energy in the
matched polarization state incident upon either of these
fictional antennas is received by it, and that no scatter-
ing occurs from the hypothetical structure, which would
have to be cousidered in addition to the reradiation
{from the opposite antenna.

Reciprocity also must be assumed for these antennas.
ach antenna must have the same vector height in
transmitting as in receiving.

Copeland: Radar Target Classification by Iolarization Froperties
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VECTOR HEIGHT

The vector height (or length) of a receiving antenna
may be defined as the vector whose dot product with
the incident electric field of a plane wave yields the open
circuit voltage at the antenna terminals.*

V="hE.

In the case of elliptically polarized antennas and
waves, the principal components of both & and E (e.g.,
x and y components) will be, in general, complex num-
bers representing magnitudes and phase angles.® The re-
sulting dot product is then a phasor voltage and is
handled by the usual complex number techniques of ac
circuits.

In the analysis to be carried out here, the actual rms
magnitude of this voltage is not important, so it is con-
venient to normalize the vector heights to unity.

\/i h ‘2 = 1.

The vector height components are mathematically
equivalent to the electric components of a plane wave.
A plane wave is said to have a polarization state which
can be plotted on the polarization sphere, so the vector
height may be treated in the same fashion. The polariza-
tion state of a receiving antenna is the same as that of
the wave which it best receives (the “matched polari-
zation”).

In applying this to the fictional antennas of the target
model, it is necessary to know the two null polarizations
shown to exist by Kennaugh. The two model antennas
must be polarized so as to match incident waves of
polarization orthogonal to the two null polarizations,
respectively.

Thus, if the radar were polarized to either of the null
polarizations, the antenna model would be invisible to
the radar, just as the original radar target is invisible.

JusTiFicaTioN oF TarGeET MoDEL

It is necessary to demonstrate that the stated com-
bination of two idealized antennas simulates the target’s
polarization propertics. The scattering matrix relates
the components of a planc wave incident on a target
(EY) to the reflected plane wave (Er) as follows:

Err ay dp E,’ 1
AT
E; an an]LE,/] Viwr®
where the matrix
= [:(111 (112:| (3)
an A

1 H. G. Booker, “Introduction to techniques for handling ellip-
tically polarized waves with special reference to antennas,” Proc.
IRE, vol. 39, pp. 533-534; May, 1951

5 J. D. Kraus, “Antennas,” McGraw-Hill Book Co., Inc., New
York, N. Y., p. 166; 1950.

E =
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is Sinclair’s scattering matrix, describing the polariza-
tion transforming properties of the target at a specific
frequency and in a specific direction.

Now if the target were replaced by the postulated an-
tenna system, the open circuit voltages received by the
two respective antennas may be written in terms of the
incident electric field and the vector heights.

In antenna No. 1,

Vi= E! " + E* bW, (4a)
and in antenna No. 2,
Vo= E 1, 4+ Et b, ™, (4b)

Now it may be assumed, because these antennas are
only mathematical fiction, that the open circuit voltages
are exchanged to the opposite antennas giving rise to
radiated fields of the form,

E = hV,

where, for simplicity, the factor 1/+/4772 will be implied
but not expressed.
Hence, for both antennas reradiating,

Ezr le(l) hr(2) V2
-[1-[0 ) e
E/ h, B, Ly,

But from (4)

Vs P b, O [E,
1 R | T
8 B g, |LE,
FE,
E = ]
LE,"
r 20, M @ B B, @ 4 D@
= [, B, @ @ 20, Wy, ]
[E.* .
. LS (7
L Loy

This equation is now in the same form as the scatter-
ing matrix equation, and it follows that

ay = 2V,
aiy = ag = i,V Ry, ®. ], O @)

20, W, ), (8)

[253)

The vector heights of the fictitious antennas are spe-
cifically related to the scattering matrix of the target
which they replace. They are such that the two antennas
receive (and retransmit) best the polarizations orthog-
onal to the two null polarizations of the radar target.

As mentioned before, a right ellipticallv-polarized an-
tenna will be said to have a positive axial ratio. and a
left elliptically-polarized antenna to have a negative
axial ratio.

In the coordinate system shown in Fig. 1. the polari-
zation ellipses of both antennas are viewed from the
position of the radar. The x-y plane has been rotated so
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that the x axis coincides with the major axis of one of
the polarization ellipses; the major axis of the other is
inclined by an angle 6, to the x axis. A u-v coordinate
system is similarly impressed upon this second polari-
zation ellipse.

Analysis of the polarization-transforming properties
of a target involves radar measurements using a number
of different radar polarizations. In theory, these polari-
zations could lie on nearly any arbitrary path around
the polarization sphere; but, in practice, the most easily
obtainable path is the locus of linear polarizations. For
this reason the present development will be applied to
use of rotating linear radar polarization.

The frequency and propagation factor e’“'*89 will be
suppressed, and only the polarization terms will be
considered.

Using the definition of vector heights previously ad-
vanced, it is seen that the two model antennas are de-
scribed by the relations of Fig. 2.

For Antenna No. 1 For Antenna No. 2

{1 - '—l al? . ’ L
" 14+ r.l u 1+rf
1 1
nY= .jr, hi2) -jyzl
o Iy ) 141}

Fig. 2.

The vector heights have been normalized to unity. If
the parameter of echo area (or radar cross section) werc
to be considered, then they would be normalized to some
other value to alter the magnitude of the backscattered
wave.

Note the existence of the negative sign in B, and in
h,®. They occur here because of the choice of coord;-
nates, with the observer looking toward the receiving
antenna.

REFLECTION FROM THE TARGET MODEL

Consider now a radar with transmitting vector height
k' and receiving vector k". The field radiated from the
transmitter is proportional to A¢, and will be denoted by
E'. Since the transmitted wave may be subject to nor-
malization, the transmitting vector height may be
chosen so that

Et = |,

and
VI Th =1

The complex voltage measured at the radar receiver
antenna terminals will be found by a three-step pro-
cedure:

1) IFind the voltages. both magnitude and phase, in-
duced in the respective model antennas.
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2) Exchange the voltages between the two antennas
and calculate the reradiated fields.

3) Sum the fields from the two antennas, and calcu-
late the component which would be returned to
the lincarly polarized radar.

Following the outline,

1) Into Antenna 1:

Vg = h.Et = . jpe, (9a)
Into Antenna 2:
VoG = h®.Et = h® ., (9b)

Now denoting the field reradiated back toward the radar
by Er;

2) Reradiated from Antenna no. 1:

E'r = . y@(@g) = hW.(h®. jt), (10a)
Reradiated from Antenna No. 2:
E¥ = . yW(g) = kDD -}, (10b)

The total reradiated field is the sum of these two com-
ponents. Step 3) gives the voltage in the radar receiver:

V(g) — hr.Er — hr,Elr + hr.E‘Zr

= - hOG® Rt + b (A, (11)

However, since the dot product of vectors is a com-
mutative operation, it is permissible to rewrite this
phasor voltage in a simplified form:

V(0) = 2hW- kDt ), (12)

Still suppressing the requency and propagation factor,
this is the most general expression of the phasor voltage
at the radar receiver antenna terminals as a function of
transmitter and receiver polarizations. For the present
case, as already indicated, the transmitter and receiver
will be taken as identical, or the same linearly polarized
antenna. Then the received phasor voltage may be
written

V(6)

2000 Y (h - Rt
200 00(0) V) (6)

for ht = I,

(13)

This last expression says that the voltage in the radar
receiver may be written immediately from the results
of step 1, without performing the remaining steps in the
outline.

ROTATING LINEAR RAaDAR PolarizaTioN

Then, for a linearly polarized radar, polarized at

angle # with respect to the v axis (see Fig, 2).
}/tx’ = cos @ {I/,, = cos (0 — 0y)

U, = sin 6 I' = sin (8 — f).
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Performing step 1,
V) /‘/ 1 . . V 1 o
= cos 0 — jr sin
1+ gl 2Ry
1
V‘2>0=1/ cos (0 — 6
O = 4/ 15 acos @ =)
' V Loino— (14)
— Jr ———sin (0 — 8y).
I 14+ r? ’

Then
2
VI + (T + )
cos 8 cos (6—8y) —riry sin 8 sin (60— 6,)
' {—j[n sin 8 cos (6 —08p) 42 cos 6 sin (6—8y) |

V(g) = 2[/(1)(0)[/(2)(0) =

}. (15)

Expanding and collecting terms,

S
RO ——
(1 + '12)(1 + '22)
"2 c0s 0y c0s? 0 — 2ry75 cos By sin? @
|+ 2(14r1r2) sin 6y sin 0 cos 8

. . . , (16)
'|:—2r-_, sin 8y cos? 4-2r, sin §p sin? 0:|
l +2(r1+rs) cos 0y sin 8 cos 8
from which,
=
V{g) = — -
(1 4+ n®1 + r?)
(1 — riry) cos by
+(1 4 r1r2) cos 6y cos 20
+(1 + riry) sin 6o sin 26
( 1 ) 0 : (17)

(r, — r2) sin @,
—j| —(r1 + r2) sin 6, cos 20
+(r1 + r2) cos 6, sin 26

and using the difference-angle formulas,

1 i
V) = V
(1 4+ n>(1 + nr?)

[ (1 — niry) cos by

| 41 + nr) cos (Ay — 26) r (8
| [ (ry 4 r2) sin 8, :| ‘ )
\ - (ri + r2) sin (8o — 20)

() is the complex voltage received by a rotating
linearly polarized radar from an arbitrary target at a

fixed aspect.
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Sreciarl TARGETS

Applying this relationship to several different radar
targets yields the results shown in Table 1. The sketches
accompanying cach entry are plots of 1(8) in the com-
plex plane. The ability to discriminate among these
plots is the key to target classification.

Inspection of the general expression for V(6) reveals
that it has the form of an ellipse displaced from the
origin in the complex plane. 1ts major and minor axes
lie respectively parallel to the real and imaginary co-
ordinate axes.

It is recalled that one degree of freedom was removed
from the system at the beginning; 8 was chosen zero
along the positive x axis, in the direction of one of the
major axes of the target's polarization ellipses. This re-
striction may be eliminated by replacing 8 everwhere by
9’ =640,. 6, is then an arbitrary angle of rotation be-
tween a new reference axis (horizontal, for example) and
the positive x axis.

Clearly this change will not alter the form of 17(8).
The same ellipse will still be traced out in the complex
plane, and introduction of 8, only serves to push the
zero point around the ellipse somewhat. This is to say
that an arbitrary rotation of the target about the line
of sight does not affect the validity of this solution.

THe GENERAL TARGET

An example of V(8) is shown in I‘ig. 3. This example
was calculated by arbitrarily choosing the parameters
as follows:

rn = ().75,
T = 0.25,
6o = 60°.

# is measured from the positive x axis as originally pre-
scribed. The numbers listed around the perimeter of the
ellipse indicate the angles 8 for which the various phasor
voltages occur.

Jm[\/(a)‘] 165 N <9

\ f:0.78

e i
re[v 9]
\ —

Iig. 3—Complex voltage received by radar.
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It will be shown that any target may be represented
by a combination of a lincar reflector and a sphere,
using only the size and shape of the ellipse, and the
phasor from the origin to the center of the ellipse. It
should be remarked that the phase measurement at the
radar will contain an arbitrary zero setting because of
the unknown (but fixed) range to the target. This causes
the complex voltage pattern to be rotated about the
origin in the complex plane by an arbitrary angle. 1low-
ever, inasmuch as the absolute phase of the reflection
is unimportant, the coordinates of the complex plane
may be rotated so that the real and imaginary axes lic
respectively parallel to the major and minor axes of the
ellipse, with the center of the ellipse somewhere in the
right half-plane. See Fig. 3, for example.

MINIMUM NUMBER OF MEASUREMENTS

Geometrically speaking, the voltage variation is
merely an ellipse translated from the origin and rotated
in the complex plane, so it could be determined by a
minimum of four measurements. Two of these should
be taken with linear polarizations separated by 90° in
space so that the resulting points would lie diametrically
opposite on the ellipse. The center of the ellipse would
then be the midpoint of the line joining those two points.
The two remaining measurements could be spaced at
convenience to determine uniquely the size and shape
of the ellipse.

Practically speaking, however, it is recognized that
reliance upon the minimum number of measurements is
likely to lead to undesirably large errors, especially in
the cases where the ellipse collapses toward a straight
line. It is preferable to assume that a suthciently large
number of measurements is taken to determine the el-
lipse precisely, or even that the radar is equipped to
trace out a continuous recording of the complex voltage
as the polarization rotates. Under these circumstances
the reduction into a sphere component plus a linear com-
ponent can be accomplished directly.

REDUCTION TO ELEMENTARY COMPONENT TARGETS

Table | shows that the complex received voltage from
the unit linear scatterer has the form,

1 -7 + , o 2r

——— 4 c0os20 — j ——

147 14
in which the cosine term has unit magnitude, and r is
the axial ratio of the polarization cllipse of the linear
component. Clearly, if the measured ellipse is traced out
clockwise with increasing 8, as in l'ig. 3, r is a positive
number; if traced counter-clockwise, 7 is negative.

The axial ratio of the measured ellipse may be de-
noted ro¢r. Then, if the measured ellipse is to be fitted to
the ellipse which would result from the unit lincar tar-
get, two conditions must be satisfied:

VLin(g) = -sin 26,  (19)

1) The size of the measurced ellipse must be adjusted
so that its semimajor axis is one unit long, and
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TABLE 1
Im [Vee)]
Object n T 0y 17(6)
Refv(e)]
Sphere* +1 -1 0 1
UNIT
DISTANCE
UNIT
ISTANCE
Thin wire 0 0 0 1 4 cos 26 y
| e
UNIT
UNITIUNIT
: . —
Dihedral corner 0 0 /2 sin 26 }
|
RCP reflector* 1 1 0 cos 26 — j sin 26 UNIT
1C\“LE
LCP reflector* -1 -1 0 cos 260 + j sin 26 C‘Rmt@
) 1—r »
Isotropic retlector r -r /2 ————sin 20 — ) S
147 142 — T
Li flect 0 Lo cos20—j 2 sin 26 — L,
_incar reflector r r i cos I3 g sin t
S trical reflect 0 b+ - cos (0 — 26) — j— 2 sin 8 i
B tric ¢ - o 08 s (0y — =3~ s
ymmetrical relleclor r r cos b 1+ r2 Co ) J 14 12 S o e
—*

* For the sphere, 8o may be chosen as convenient, affecting only an associated phase angle. Choosing 6o=0 makes the phase angle become
zero, Similar arguments apply to both the right and left circularly polarized reflectors.

2r

.

20
14 (20)

Tett =
where rop (and consequently r also) is a positive
number if the measured ellipse is traced clockwise.

The quadratic equation (20) may be solved for r in
terms of r.p, and is plotted in Fig. 4.

Knowing r permits caleulation of the fixed real por-
tion due to the linear rellector, (1 —=r%)/(14r%). This 1s
shown in IFig. 4 also, and turns out to be a circular are
when plotted as a function of ..

Now the sphere component is obtained from a vector
triangle, where the sum of the sphere component and
the fixed portion of the lincar component, (1 —r%/
(1472, 1s the fixed line from the origin to the center of
the eltipse. Sce Fig. 5.
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The sphere component thus has a magnitude and a
phase angle relative to the linecar component. The rela-
tive magnitude of this voltage is proportional to the
square root of echo area, and hence directly proportion-
al to the diameter of the sphere. The phase angle may
be interpreted as displacement from the linear scatterer
along the line of sight by a fraction of a quarter-wave-
length. Displacement toward the radar implies a posi-
tive, or leading phase angle with respect to the lincar
target, while displacement away from the radar implies
a negative, or lagging phase angle.

GENERAL ExXAVPLE
The example of I9ig. 3 will be analyzed for its sphere
and linear components as an illustration.

1) Adjusting the scale of Fig. 3 to give the semimajor
axis unit magnitude vields

(@) + [0.342 — 7 0.363]
+ {cos (60° — 26) + 7 0.842sin (60° — 20)].
The fixed angle 6, =60° is not significant here, be-

cause the target could be rotated about the line of
sight, changing that figure arbitrarily.
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2) 7.4s=0.842, and the ellipse is traced clockwise, so
retr and 7 are both positive.

3) From Fig. 4, »r=0.55 and (1 —=7%)/(147%) =0.536.

4) Subtracting (1—r%)/(147%) from the fixed phasor
to the ellipse center, the sphere component
ek =0.342 —0.536 —7 0.365 = —0.194 —3 0.365.
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