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New from Sprague!

Metal end caps on capacitor
roll guard against entrance
of moisture.

?“(""“@

Extended-foil section inside
end cap. Every turn of the
electrode is positively con-
tacted!

end cap.

Lead firmly welded to metal

Capacitor shown 5x actual size
to illustrate unique construction

Fixed diameter cf metal end
cap insures uniformity of
capacitor size.

Hard, durable, orange epoxy
protective coating.

Multi-advantage Construction in a Low-cost Film Capacitor!

CAPACITORS
TRANSISTORS

MAGNETIC COMPONENTS
RESISTORS
MICRO-CIRCUITS

48-442

PROCEEDINGS OF THE IRE

MINIFIED SIZE—

Rating for rating, Pacer Capacitors are almost
one-third the size of conventional paper or paper-
film tubulars, making them ideally suited for
transistorized circuitry and other space-saving
applications where small size with dependability
is an important consideration.

BEST POSSIBLE NON-INDUCTIVE SECTION—
Metal end caps over extended foil sections assure
non-inductive capacitors, since all turns of the
electrode are contacted beyond question.

IMPROVED HUMIDITY RESISTANCE—

End caps act as effective moisture barriers. Ca-
pacitor sections are further protected by hard,
durable, orange epoxy coating.

UNIFORMITY OF SIZE—

Unlike other epoxy-coated units, the end caps
on Pacer Capacitors assure the rigid fixed diam-
eters needed for use with automatic insertion
equipment. The two smallest sizes are identical
with resistor and diode sizes, making them
especially suitable for ‘cordwood’ packaging.

For complete technical data on Pacer Capacitors, write
for Engineering Bulletins 2066 and 2067 to Technical
Literature Service, Sprague Electric Co.,235 Marshall Street,

North Adams, Massachusetts.

SPRAGUE COMPONENTS

INTERFERENCE FILTERS
PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS

December, 1962

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
ELECTRIC WAVE FILTERS

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ‘@Y are registered trademarks of the Sprague Electric Co.
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Jesse Taub, Joseph Tardi, and Harvey Hindin of our Applied Electronics Depart-
ment describe the results of a theoretical and experimental study of band-pass
filters having minimum mid-band insertion loss. Standing-wave ratios and time
delay variations are also improved using these designs. The interesting results
should suggest many other applications to the reader.

How to Reduce Filter Insertion Loss

The design and performance of
band-pass filters that have a lower in-
sertion loss than the maximaily flat or
Tchebycheff designs for a given 3-db
bandwidth and skirt selectivity are de-
scribed. This low insertion loss is par-
ticularly important when the 3-db
bandwidth is narrow (2 percent or less).
Other useful properties such as low
SWR and flat time delay are also de-
scribed.
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FIGURE 2. LOW-PASS PROTOTYPE FILTER

Most band-pass filters can be repre-
sented by a set of coupled resonant cir-
cuits (Figure 1y that can be converted
o a low-pass prototype filter' (Figure
2) having clement values (g;). Cohn*
has shown that_ if all (g;) values chosen
for a given skirt-selectivity requirement
are equal, the filter will have the mini-
mum possible mid-band insertion loss
for the unloaded resonator Qs (Q,)
that are used. A design procedure for
equal-clement filters has been devel-
oped at AIL? that gives the coupling
coeflicient (K) and decrement (d)
values (in terms of g;) that are neces-
sary to achieve a given selectivity. This
procedurc is valid for both lossy and
lossless resonant circuits. The design
theory and data for filters having from
two 1o eight coupled resonators are
given. This design has been used at
AlL to markedly reduce the mid-band
insertion loss of filters previously de-
signed for a maximally flat and Tche-
bychefl amplitude versus frequency re-
sponse. Other characteristics such as
input SWR and time-delay distortion
also have been improved.

FFigure 3 shows one such filter,
which has four coupled resonant cir-
cuits. Each resonator was formed from
quarter-wave sections of helical coaxial
transmission line! and had unloaded
Q’s in the vicinity of 400. The filter
was designed for a center frequency of
60 Mc, a 3-db bandwidth of 710 kc,
and a 60-db skirt bandwidth of 4 Mc.

4A WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRC
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FIGURE 4. SWR OF FOUR-RESONATOR
EQUAL-ELEMENT FILTER

The measured amplitude versus fre-
quency response of this filter was in
close agreement with the theoretical
equal clement response.” The mid-band
insertion loss was 5.2 db. The same
filter designed on a maximally flat basis
would have yielded a mid-band loss of
7 db (this estimate of loss was made
with the aid of reference 5).

Figure 4 shows an input SWR at
mid-band of less than 1.20: the SWR
is under 2 over a good portion of the
filter pass band. This result is in agree-
ment with the theoretical curve (Figure
4). The mecasured mid-band SWR’s of

conNTROL

CUTLER-HAMMER

DIVISION

comparable maximally flat filters are
usually over 1.5, Therefore, we believe
that the equal-clement design also may
prove useful where low SWR pass
bands are important. The need for low
SWR’s occurs: (1) when filters are used
in conjunction with transistor IF am-
plifiers and (2) to reduce “pulling” ef-
fects when used directly at the outputs
of microwave oscillators.

The time delay versus frequency of
cqual-clement filters has been analyzed
for from two to cight resonators; for
example, the delay for a four-resonator
filter was found to be flat within =10
percent over 8() percent of the pass
band. This flatness is useful when the
filter must faithfully pass pulse modu-
lation.

The theoretical and experimental re-
sults clearly indicate that equal-cle-
ment filter designs can improve inser-
tion loss, SWR, and time delay charac-
teristics in many applications when
compared to the more conventionally
used maximally flat and Tchebycheff
responses,

If more information is desired on
this subject, the authors will be glad to

supply it.

A complete bound set of our sixth
series of articles is available on request.
Write to Harold Hechtman at AlIL for
your set.
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&) Squib circuitry—and to meet the

need for protection and control of

such circuits, BUSS engineers worked closely

with the engineers who design and produce
Squib circuits. }

The result is a line of BUSS Squib fuses

that have the needed electrical characteristics

and are almost unbelievably accurate and
dependable.

{gf? The space-age speeded the need for
A\
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If you, too, should have a special problem
wn electrical protection . . . you can save en-
gineering hours by turning to BUSS where
the facilities of the world’s largest fuse research
laboratory and its staff of engineers are always
at your service.

And don’t overlook the complete line of
BUSS fuses for your day in and day out pro-
tection needs . . . whatever your electrical
protection needs—turn first to BUSS—it pays.

BUSSMAN FG. DIVISION

)
McGraw-Edison Co. » St. Louis 7, Mo.

World Radio Histol
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Word Picture. This is a picture of the
spoken word ‘you.” By analyzing the
sound with a spectrograph, the Labora-
tories’ Lawrence G. Kersta makes a print
of the word in graph form. Graph shows
frequency, time taken, and intensity used
in making speech sound,

News from Bell Telephone Laboratories

WE'RE “FINGERPRINTING”
VOICES...TO FIND BETTER WAYS
OF TRANSMITTING THEM

Acoustics scientists at Bell Telephone Laboratories study
voices to learn how one voice differs from all others, what
makes yours instantly recognizable to friends and family, and
what the elements of a voice are that give it the elusive
qualities of “naturalness.”

To enable us to examine speech closely, we devised a
method of making spectrograms of spoken words. We call
them voiceprints. They are actual pictures of sound, reveal-
ing the patterns of voice energy. Each pattern is distinctive
and identifiable. They are so distinctive that voiceprints may
have a place, along with fingerprint and handwriting identifi-
cation, as an important tool of law enforcement.

The shape anc size of a person’s mouth, throat and nasal
cavities cause his voice energy to be concentrated into bands
of frequencies. The pattern of these bands remains essen-
tially the same despite modifications which may result from
loss of teeth or tonsils, the advancement of age, or attempts
to disguise the voice.

Study of voiceorints and recognition factors is part of our
exploration of new techniques to extract and transmit the
minimum essentials of a person’s voice and from these recon-
struct the original voice at the receiving end, retaining its
factors of naturalness.

Our ultimate goal, as always, is to learn how to improve
your telephone service and make it a better value.

BELL TELEPHONE LABORATORIES

World center of communications research and development



PATHSOUNDER II: COMPLETE MILITARY FREQUENCY MANAGEMENT

PATHSOUNDER 11, the ontgrowth of G/A’s ionosphere sounder svstem
now in world-wide use. provides the communicator with accurate prop-
agation information for frequency manazement. Example: Complete
propagation information can be obtained for all possible paths of a 10
station network in less than three minutes.
Specifically designed for military use. PATusoUuspeR it provides:
= Mil components, construction and packaging.
= Freedom from interference and overloading with an electronicallv
tuned preselector and a new phase-corrected IF filter.
Maximum reliability with an integrated solid state power supply and
a new solid state control unit,
An electrostatic printer which automatically delivers permanent jon- ;
ograms of high quality (5 shades of gray scale) in fifteen seconds. Associates
Your request for technical details on this equipment is welcome.
974 COMMERCIAL STREET, PALO ALTQ, CALIF../ DAVENPORT 14175 (AREA CODE 415)
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Ry - ’ -3y dimensions of 10, 12, 14, 16 inches. SWIRECO (Southwestern 1RE Con-
q . ference & Electronic Show), Dal-
Jﬁr_{a 4,000 and 5,000 LBS. No. 43808 ”_1 porcelain (rated at 4,000 Ib. las Memorial  Auditorium,  Dallas,
s o5 average ultimate strength) or No. 43809 ‘Fexas
";cSA' - I B), n Stoa‘tite (5,000 lbs.), in S.tandard “P” Exhibits: Mr. Hal Copeland. 810 Wilson
b s 1 . dimensions of 8, 10, 12, 14 inches. Bldg.. Dallas 1, Texas
%2k » <k 23
' Vay 13-15. 1903
FLASHOVER AND RADIO RATINGS . . .
— e - NAECON (National Aerospace Elee-
WET FLASHOVER RADIO RATING tronics  Conferenee), Biltmore llo-
60 » KV eff. KV eff tel, Dayton, Ohio
v N — Exhibits: IRE Dayton Office, 1414 E.
Vg et No. No. e ccent No No. Ihird St., Davton, Ohio
Inches No. 9172 9172 9173 No. 9172 9172 9173
No. 9173 No. 9173 Vay 20-22, 1963
8 45 21 National Telemetering Conference,
) :_) Albuquerque, N.M.
19 o4 22 e L i (B S L e
12 62 23 MceGavoek Associates, 3820 15, Colorado
14 70 2. Blvd., Pasadena, Calif.
24
,176 o 24 May 21.23, 1963
20 88 88 25 34 Spring Joint Compnter Conference,
24 96 96 60 27 37 34 Cobo Hall, Detroit, Mich,
30 108 108 108 28 40 38 Exhibits: Mr. A, D. Meacham, American
Data Processing, Inc., Detroit, Mich.
Steatite Insulators will have the same Flashover but twice the Radio Rating.
May 27-28, 1963

i . Seventh  National Ceonference on
WRITE for Bulletin 301-R. Produet Engineering & Production,
Lapp Insulator Co., Inc., B l;‘,’;',""’ ::“\(‘ W Wt Rt theon ¢
xhibits: Mr. C. W, Wy i g ‘0.
238 Sumner Street, LeRoy, N. Y. Tt LRI

Lexington, Mass.
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THE ONLY SIMPLE FORMULA
FOR

INTERFERENCE
MEASUREMENTS

ENTIRE
FREQUENCY

LOW FREQUENCY - Model NF-105  HIGH FREQUENCY - Model NF-112 RANGE

“
14 KC-1000 MC 1000-15,000 MC 14 KG-15 KMC

Through years of hard field use Mode!l NF-105 has acquired an outstanding reputation as a noise and
field intensity meter for the frequency range from 150 kilocycles to 1000 megacycles. The versatility
of this instrument has now been expanded through the introduction of a new tuning unit extending
its coverage down to 14 kilocycles. What is more, this unique measuring equipment has been
joined by Model NF-112 which covers the frequency range from 1000 to 15,000 megacycles. The
same simplicity, accuracy and speed of operation and reliability of performance which made

Model NF-105 so successful have been designed into Model NF-112, Each instrument uses an
impulse generator as its calibrator; each combines in one basic unit the components commen to all
frequency ranges, including the power supply, calibrator, attenuators and metering circuits. All
frequency determining components and circuits are contained in plug-in tuning units. Model NF-112,
incidentally, uses one single antenna for the entire range from 1000 to 10,000 megacycles.

You save considerably in SIZE, WEIGHT and COST by letting these two instruments do your entire
interference measuring job from 14 KC all the way up to 15,000 MC.

Approved for testing under Specifications MIL-1-11748, MIL-I-16910A, MIL-1-6181D, Category A and MIL-1-26600, Category A.

For complete technical information, Plan to attend our next seminar on interference

send for Catalog 614, instrumentation. Details upon request.
EMPIRE DEVICES, Inc.
AMSTERDAM, NEW YORK L VICTOR 2-8400

MANUFACTURERS OF: FIELD INTENSITY METERS « DISTORTION ANALYZERS « IMPULSE GENERATORS o COAXIAL ATTENUATORS « CRYSTAL MIXERS

PROCEEDINGS OF THE IRE December, 1962 9A



New
CREST VOLTMETER
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. “m’)' Meetings m

with Exhibits
[i] 1§
(Continwed from page 8A4)

1 June 4.6, 1963

Armed Forces Communications &
Elﬂ'!r(mirs Show. Sheraton Park Ho-
tel, Washington, D.C.

Exhibits: Mr. William C. Copp, 72 West
45th St., New York 36, N.Y.

July 22.26, 1963

Fifth International Conference on
Medical Electronies, Liege, Belgium

Exhibits: Dr. 1. E. Flory, RCA Labora-

tories, Princeton, N.J.

August 20-23, 1963

WESCON (Western Electronices Show
& Conference), Cow DPalace, San
Franecisco, Calif.

Exhibits: Mr. Don lLarson, WESCON,
1435 l.a Ciencga Blvd., Los Angeles,
Calif.

September 9.11, 1963

Seventh National Convention on Mili-
tary Electronies, Shoreham  Haotel,

Washington, D.C.

Exhibits: Mr. Leland D. Whitelock, 5614
Greentree Rd., Bethesda, Md.

September 30-October 2, 1963

Canadian  Electronies  Conference,
Toronlo, Ont., Canada

Exhibits: IRE Canadian Electronics Con-
ference, 1819 Yonge St., Toronto 7,
Ont.. Canada

October 1.3, 1963

National Symposium on Space Elec-
tronies & Telemetry, Fontaineblean
Hotel, Miami Beach, Fla,

Exhibits: Mr. Charles H. Doersam, Jr,
Instruments for Industry, Ine., 101 New

South Rd., Hicksville, .1, N.Y.

October 7.9, 1963

Ninth National Comnmumications
Symposium, Hotel Utica & Utica
Municipal Auditorium, Utica, N.Y.

Exhibits: Mr. R. E. Gaffney, General
Eleetrie Co., Light Military Electronics
Dept., Utica, N.Y.

Note on Professional Group Meetings:
Some of the Professional Groups con-
duet meetings at which there are ex-
hibits. Working committeemen on these
groups are asked to send advance data
to this column for publicity information.
You may address these notices to the
Advertising Departinent and of course
listings are free to IRE Professional
Groups.
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HERE!

is the information
wanted today by the

electronics
manufacturing and
user industries

The NEW British monthly for the soaring
industrial applications of electronics

InpUsTRIAL ELECTRONICS will meet the rapidly rising demand for information
on the practical applications of electronics in all branches of industry.
It will show how electronic techniques can cut costs, in- 7
crease productivity, improve quality. It will spotlight new °
advances and zpplications, describing new products and
equipment from manufacturers all over the world. INDUS-

TRIAL ELECTRONICS is a cdevelopment of Electronic ‘ I N D U S T R I A L
Technology; building on the unique experience of that inter-
nationally known journal, it will provide a vital service for

production executives, works managers, buyers and direc- E L E c T R 0 N I c S

tors—helping them to meet ever-increasing competition.

e o U YO S e o e |

ations fne 0 East 3Rh ¢

Enter my our subsctintion to INDUSTRIAL ELECTRONICS for

MAKE SURE o )
OF YOUR

FIRST COPY

TODAY !

The widest, most practical
coverage of today’s needs
rLus the established authority

of ‘ Electronic Technology’
Published monthly from October 1962

PRO.IRE
h--------------------------
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The advent of integrated circuits demands new approaches to circuit and

system designs. The new Motorola MECL* logic circuits are designed

around the properties of integrated circuits rather than those of individual

components, therefore capitalizing on the advantages of this new technology.

Motorola MECL Circuits...For 3rd Generation

Integratec

Integrated circuits offer the com-
puter industry a new and powerful
tool for satisfying the demand for
space-age computer designs of ever-
increasing complexity. They not only
provide solutions for the widely publi-
cized requirements of reduced size
and weight, improved reliability and,
eventually, lower costs, but new cir-
cuits developed by Motorola’s Semi-
conductor Products Division operate
at higher speed and with lower power
than standard transistor circuits.

These benefits cannot be achieved
merely by taking circuits designed for
use with discrete  components and
translating themn into integrated cir-
cuit form. Such redesign does not pro-
vide all of the improvements possible
with this new technology. For, just as
the transistor required a departure
from tube circuit design, so the unique
characteristics of integrated circuits
benefit from a design approach spe-
cifically geared to their particular ad-
vantages and limitations.

For example, the inherent proper-
ties of integrated circuits provide
greater freedom for circuit design
than is apparent at first glance. In
designing integrated circuits for large-
scale production, transistors should be
considered as no more expensive than
diodes, and diodes, in turn, as no more
expensive than passive elements. This,
to some degree, will free the circuit
designer from the economic restric-
tions of present techniques.

On the other hand, the present
state of the integrated circuit art also
presents some limitations. Among
these are: 1) inherent parasitic coup-
ling between components through a
common semiconductor substrate; 2)
restricted ranges of component values,
and 3) limitations on individual com-
ponent tolerances.

12A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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Circuit Computers
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Speed versus power-dissipation comparison between three prac-
tical forms of computer logic designs illustrates the higher speed
capability and lower power consumption of MECL circuits.

Taking into account both the addi-
tional design freedoms and limita-
tions of the integrated circuits art,
Motorola Semiconductor engineers de-
veloped an advanced form of logic
circuitry, called MECL circuits, which
we believe is superior to any other cir-
cuit presently available — whether
made from discrete components or
integrated circuits. The series consists
of an OR-NOR gate, a flip-flop, and a
half-adder — all the ingredients for the
arithmetic portion of even the most
complex digital computer.

Design Considerations

Motorola MECL circuits were the
result of exhaustive research of all
major logic configurations from a
standpoint of integrated circuit com-
patibility. In every comparison, the
current-mode logic approach demon-
strated indisputable performance su-
periority over such commonly used
forms as DTL (diode-transistor logic)
and DCTL (direct-coupled transistor
logic) circuits.

°MECL — trademark of Motorola Inc.
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It eliminates, for example, the par-
ameter of transistor storage time as a
speed-limiting  factor' — thus extend-
ing the maximum potential circuit
speed bevond the limits of other logic
forms.

It is uniquely tolerant of compo-
nent values'. Absolute values of re-
sistors are relatively unimportant so
long as proper ratios between circuit
resistances is maintained. This is high-
Iy compatible with integrated circuit
processes where absolute parts values
are difficult to achieve, but where re-
sistance ratios can be held to very
close tolerances.

It is non-critical of transistor par-
ameters, maintains  constant power
supply loading, has uncxcelled DC
stability, and contributes to high noise
immunity’ — factors that greatly infln-
ence performance reliability.

In fact, the only area in which the
basic current-mode approach suffered
by comparison with other logic forms,
was in the relatively large number of
transistors it requires. While this has
been a major economic deterrent, pre-
venting the widespread adoption of
current-mode logic with discrete com-
ponents, it beconres an insignificant
factor in the cost of integrated cir-
cuits.

MECL Circuit Advantages
Over DTL and DCTL

The dynamic advantages of MECL
circuits over other forms of logic are
apparent from an examination of the
input-output characteristics shown in
conjunction with the schematic dia-
gram of the gate circuit.

o o |
PR | ! .
s {\;} 5 iT}
f f.,, % ine
“MECL” l‘:i;;-flop
I LT I
1 ~+ /in’
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. B Tl W
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“MECL” Italf-adder
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"MECL" GATE

“OR" and "NOR" outputs of a typical Motorola "MECL" gate
circuit show transient response dimes in the order of 3.5 nano-

scconds with a fan-out of 1. (Horizontal scale

Vertical scale = 0.2 V 'Div.)

® High Speed Operation — Delay time
of less than 5 nanoseconds per stage.
Circuit speed is increased not only
by the elimination of the storage time
limitation, but also by the high inher-
ent feedback in the circuit which
greatly reduces input capacitances.
and by the low impedance of the
common-emitter nodes which lessens
the deteriorating effects of parasitic
and lead capacitances.

® High Logic Capability — The direct
signal and its complemenrt are both
available from the same gate. The
availability of both direct and com-
plementary outputs from the same cir-
cuit provides a simplification of the
overall logic. This not only reduces
the number of stages required, but
turther mcreases system speed by
elimmating the propagation delay as-
sociated with such extra stages.

® Large Fan-In and Fan-Out Capa-
bility — For greater logic power Fan-
in capability is high because of the
Ligh input impedance resulting from
the large amount of feedback provided
by the common emitter resistance.
Fan-out capability is high becanse of
the low output impedance of the emit-
ter follower circuit. With a fan-out of
12, a propagation delay of only 5.5
usec can be achieved. Each additional
loading stage adds only about 0.25
nsec to the total delay.

® Low Noise and Crosstalk — High in-
put and low output impedances of
MECL cirenits greatly reduce both

10 nsec Div.,

inductive and capacitive cross  talk
between adjucent signal lines. Noise
generated in power supply and ground
lines is minimized due to the constant-
current requirements  of this logic

family.

® Fewer Interconnecting Problems —
The simultaneous availability of com-
plementary signals reduces itercon-
necting problemms by a factor of 2 or
more. Utilization of a ten-pin header
provides additional inputs as com-
pared to eight-pin Leaders.

Speed-Power Range
Ultra-high-speed MECL logic cir-
cuits are being made available as
standard components with « tvpical
propagation delay of only 4 nanosec-
onds. Standard circuits for operation
at lower speeds are rated at 100 nano-
seconds with less than 1 mw power
dissipation. Applications requiring in-
termediate speeds will be met by
“custom-designed” MECL circuits.

FFurther information about Motorola
MECL logic circuits can be obtained
by writing  Motorola  Semiconductor
Products Inc., Technical Information
Department, 5005 East McDowell
Road, Phoenix 8, Arizona.

"Techniques Of Current-Mode Logic Switching
— W. D. Roehr, Motorala Semiconductor Prod-
ucts Ine., Elcetronie Design, September 13, 1962

MOTOROLA

Semiconductor Products Inc.

PX 20688
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IRE International News

Current IRE Statistics
(As of October 31, 1902)

Membership--99,948

Seetions* —111

Subsections*—35

Professional Groups*—-29
Professional Group Chapters-—304
Student Branchest-—-242

* See November, 1962 issue for a list,
1 See October, 1962 for a list

Calendar of Coming Events
and Authors’ Deadlines*

1962

Dec. 4=6: FJCC (Fall Joint Computer
Conf.), Sheraton Hotel, Philadel-
phia, Pa.

Dec. 6~7: 13th Nat'l Conf. on Vehicular
Communications, Disneyland Motel,
Anaheim, Calif.

1963

Jan. 8-10: Millimeter and Submilli-
meter Conf., Cherry Plaza Hotel,
Orlando, Fla.

Jan. 21-24: 9th Nat'l Symp. on Re-
liability and Quality Control, Shera-
ton Palace Hotel, San Francisco,
Calif.

Jan. 30-Feb. 1: 4th Winter Convention
on Military Electronics, Ambassador
Hotel, Los Angeles, Calif.

Feb. 11-15: 3rd Internat’l Symp. on
Quantum  Electronics, UNESCO
Bldg., Paris, France.

Feb. 20-22: Internat’l. Solid State Cir-
cuits Conf., Sheraton Hotel and
Univ. of Pa., Phila., Pa.

Mar. 25-28: IEEE International Con-
vention, Coliseum and Waldorf-
Astoria Hotel, New York, N. Y.

Apr. 10-11: 4th Symp. on Engrg. As-
pects of Magnetohydrodynamics,
Univ. of California.

Apr. 16~18: Symp. on Optical Masers,
New York, N. Y.

Apr. 17-19: (Southwestern IRE Conf.
and Elec. Show), Dallas Memorial
Auditorium, Dallas, Tex.

Apr. 17-19: Internat’l Nonlinear Mag-
netics (INTERMAG) Conf., Shore-
ham Hotel, Washington, D. C.

Apr. 24-26: 7th Region Tech. Conf.,
San Diego, Calif.

May 2-3: 4th Nat'l Symp. on Human
Factors in Elec. Mariott Twin
Bridges Motel, Washington, D. C.

May 7-9 : Electronic Components Conf.,
International Inn, Washington, D. C.

May 13-15: NAECON (Nat'l Aero-
space Electronics Conf.), Dayton,
Ohio.

May 17-18: Symp. on Artificial Control
of Biology Systems, Univ. of Buffalo,
School of Med., Buffalo, N. Y.

May 20-22: Nat'l Symp. on Microwave
Theory and Techniques, Miramar
Hotel, Santa Monica, Calif. (DL*:

* DI. = Deadline for submitting ab-
stracts,
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IEEE MERGER NEWws

The Joint Merger Committee, acting in
behalfl of the Board of Directors of AL and
IRIZ, is currently engaged in working out the
many details of the [EEE organization.
While this work is in process, it is most im-
portant that the functions of Committees
and other organizational units of the IRE
and Al should not be interrupted. To
assure continuity in these activities, [RE
President Haggerty and AUEE President
Teare have sent letters to all committee and
subcommittee personnel of the two socicties
requesting their continued service in their
present posts until such time as the IEEE
Board of Directors issues further instruc-
tions.

PGRBTR Chuicaco CONFERENCE
PAPERS SOLICITED

The 1963 Chicago Spring Conference on
Broadeast  and  Television  Receivers  is
planned for june 18--19, 1963, and will be
held at the O'Hara Inn, Chicago, 111
Papers are sought that would be of particu-
lar interest to those in the home entertain-
ment radio and  television industry.  Of
special interest are papers dealing with new
products, and with new concepts of com-
ponent and circuit design.

I'he deadline for receipt of papers is
IFebruary 135, 1963, Potential authors are
asked to submit a 50-100 word summary in-
cluding titte of the paper, aud name, com-
pany aflitiation and position of the author.
Papers should be limited to approximately
2500 words and the presentation to twenty
minutes. The papers should be submitted
to Mr. Morman Parker, Papers Committee,
Motorola, Incorporated, 9401 West Grand

Avenue, Franklin Park, 111,

Authors will be notified of the selection
of papers carly in March, 1963, Biographical
information will be requested at that time,
but complete papers will not be required
until the time of presentation. Since it is ex-
pected that all the papers will be published
in the IRE TRANSACTIONS ON BROADCAST
AND TELEVISION ReEcEivirs, authors will
be expected to supply, belore presentation,
a transcript suitable for such submission.

TeLsTAR EXCHANGE
Bretwiey IRE axp ITU

On October 4, 1962, the IRE and the
International  Telecommunication  Union
broadcasted telephone discussions via the
Telstar satellite. Scientists at the National
Symposium on Space Electronicsand Telem-
ctry, Hotel Fontainbleau, Miami Beach,
Fla., and officials of the International Tele-
communication Union, I'FUT Building, Ge-
neva, Switzerland, took part in the exchange
from 10:34 to 10:55 a. M., Eastern Standard
Time. The following were participants:

George Jacobs, Chiel IFrequency Divi-
sion, Voice of America.

Arthur Rudolph, Assistant Director for
Systems Engineering, NASA; and Natonal
Chairman of the IRE National Symposiom
on Space Electronies and Telemetry.

l.loyvd \". Berkner, Past President, IRE,

Warren . Chase, Past President, TEE.

Manohar B. Sarwate, Deputy Seceretary
General, 1'TU,

Nicolai Krasnosselski, Chairman, Inter
national  Frequency  Registration  Board,
I're.

John . Gayer, Vice-Chairman, Inter-
national Frequeney Board, '

aaam

Participants of the Reliability Training Conference held on September 24 28, 1062 in Princeton, N. J.

Included ¢

P'anl Darunell, speaker on Telstar Reliability: Dr. Dirk van der Reyden, Course It

structor; Stanley Zwerling, Vice Chaitman of the Conference: and Herman Wuerffel, recipient of the PGRQOC
Award for Outstanding Contributions to the Field of Reliability.
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CURRENT IRE STANDARDS

Please order by number from IRE Headquarters, 1 E. 79 St.,, N. Y 21, N. Y. A 20 per cent
discount will be allowed on order for 100 or more copies mailed to one address.

Ntandard Cost

48 IRE 2., 11, 15.S]1 Standards on Antennas, Modulation Systems, and Transmitters:
Deﬁnltlons of Terms, 1948 .. .. $0.75

48 IRE 2.S2 Standards on Antennas: Methods of Testlng. 1948 Adopted by ASA (ASA
C16.11-1949, R 1961.) . = ... .. .. .. . ......... $0.75

53 IRE 2.S1 Standards on Antennas and Wavegurdes Deﬁnrtlons of Terms 1953.
Reprinted from the December, 1933, PROCEEDINGS . ... o o e $0.75

55 IRE 2.S1 Standards on Antennas and Waveguides: Definitions for Waveguide Com-
ponents, 1955.
Reprinted ftom the September, 1935, PROCEEDINGS. .. ... ... o0 ouunon. $0.25
59 IRE 2.S1 Standards on Antennas and Waveguldes Waveguide and Component Meas-
urements, 1959... .. ... . FE e R $0.75
Reprinted from 1lu April, PROCEEDINCS L, .. $0.75
53 IRE 3.S2 Standards on American Recommended Practlce for Volume Measurements
of Electrical Speech and Program Waves, 1953. Adopted by ASA. (ASA C16.5-
1954.)
Reprinted from the May, 19534, PROCEEDINGS. .. .. .. oot oo i $0.50
56 IRE 3.S1 Standards of Audio Systems and Components Methods of Measurement of
Gain, Amplification, Loss, Attenuation, and Amplitude-Frequency-Response, 1956
Adopted by ASA. (ASA C16.29-1957.)

Reprinted from the May, 1956, PROCEEMINGS .| . $0.80
58 IRE 3.S1 Standards on Audio Techniques: Deﬁnmons of Terms 1958

Reprinted from the December, 1938, PROCEEDINGS . . $0.60
50 IRE 4.S1 Standards on Circuits: Definitions of Terms in Network Topology, 1950

Reprinted from the Jannary, 19531, PROCEEDINGS. $0.50

53 IRE 4.S1 Standards on Circuits: Definitions of Terms in the Fleld of Linear Varying
Parameter and Nonlinear Circuits, 1953.

Reprinted trom the March, 19534, PROCEEDINGS $0.25
60 IRE 4. S1 Standards on Circuits: Definitions of Terms for Llnear Slgnal Flow Graphs
1960.
Reprinted from the September, 1960, PROCEEDINGS. $0.25

60 IRE 4.S2 Standards on Circuits: Definitions of Terms for Linear Passxve Recrprocal
Time Invariant Networks, 1960.

Reprinted trom the September, 1000, PROCEEDINGS. . . . $0.50
51 IRE 6.S1 Standards on Electroacoustics: Deﬁnltlons of Terms 1951.
Reprinted rrom the May, 1951, PROCEEDINGS ..., $1.00
52 IRE 7.S2 Standards on Gas-Filled Radiation Counter Tubes Methods of Testrng,
1952.
Reprinted from the August, 1052, PROCEEDINGS, ... .. ... $0.75
57 IRE 7.82 Standards on Electron Tubes: Deﬁnrtlons of Terms, lO§7
Reprinted from the derived 1937, PROCEEDINGS . | . . . $1.00
62 IRE 7.S1 Standards on Electron Tubes: Methods of Testrng, 1062
Reprinted from the September, 1902, ProcEEDINGS . | L . . $2.50
56 IRE 8.S1 Standards on Electronic Computers: Deﬁnmons of Terms 1056
Reprinted from the September, 1950, PROCEEDINGS. ... .. ... ... ... $0.60

59 IRE 8.S1 Standards on Static Magnetic Storage : Definition of Terms, 1959. (Adopted
by ASA. (ASA C16.35-1962.)
Reprinted from the March, 1939, PROCEEDINGS. .. .. . ... $0.50
43 IRE 9.S1 Standards on Facsimile: Temporary Test Standards, 1943 . $0.20
56 IRE 9.S1 Standards on Facsimile : Definitions of Terms, 1956. Adopted by ASA. (ASA
C16.30-:957.)

Reprinted from the June, 1956, PROCEEDINGS, e $0.60

55 IRE 10.S1 Standards on Industrial Electronlcs Deﬁnmons of Industrral Electromcs
Terms, 1955.

Reprinted from the September, 1935, PROCEEDINGS. ... ... ... ... $0.50
53 IRE 11.S1 Standards on Modulation Systems: Definitions of Terms, 1953

Reprinted from the May, 19533, PROCEEDINGS. .. oo c e . $0.50
58 IRE 11.S1 Standards on Information Theory: Definitions of Terms, 1958.

Reprinted from the September, 1938, PROCEEDINGS .. ... ... ... ..... ... $0.50

54 IRE 12.81 Standards on Radio Aids to Navngatlon Deﬁnmons of Terms 1054.
Adopted py ASA. (ASA C16.26-1955.)
Reprinted from the February, 1935, PROCEEDINGS, e $1.00
59 IRE 12.S) Standards on Navigation Aids: Dlrectlon Fmder Measurement 1050

Reprinted from the August, 1039, PROCEEDINGS. ... . o i ir i e $1.00
60 IRE 13.S} Standards on Nuclear Techniques: Definitions for the Scrntlllatlon Counter
Field, 1960.
Reprinted from the August, 1960, PROCEEDINGS, $0.60

49 IRE 14.S1 Standards on Piezoelectric Crystals, 1949, Adopted by ASA (ASA C83 3-
1951. R 1954 R 1961.)
Reprinted from the December, 1949, PROCEEDINGS. ... .. .. oo oo, $0.80
57 IRE 14.S1 Standards on Piezoelectric Crystals—The Plezoelectrlc Vibrator: Deﬁ-
nitions and Methods of Measurement, 1957.
Reprinted from the Mareh, 1937, PROCEEDINGS | . $0.60
58 IRE 14.S1 Standards on Piezoelectric Crystals: Determlnatlon of the Elastlc, Plezo-
electric and Dielectric Constants=—The Electromechanical Coupling Factor, 1948.
Reprinted from the April, 1938, PROCEEDINGS. .. 00 o e e e e $0.75
IRE 14.S1 Standards on Piezoelectric Crystals: Measurements of Piezoelectric Ce-
ramics, 1961. Adopted by ASA. (ASA C 16 C 83.24-1962.)
Reprinted from the July, 1961, PROCEEDINGS. . $0.70
55 IRE 15.S1 Standards on Pulses: Methods of Measurements of Pulse Quantmes 1955.
Adopted by ASA. (ASA C16.28-1956.)
Reprinted from the November, 19535, PROCEEDINGS. ... .. ., o FE N $0.60
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Calendar of Coming Events
and Authors’ Deadlines*

(ontinued 'rom page 14.1)

Jan. 15, 1963. Dr. I. Kaufman,
Space Tech. Labs. Inc., 1 Space Pk.,
Redondo Beach, Calif.

May 26-28: Spring Joint Computer
Conf., Washington Hilton Hotel,
Washington, D. C.

May 27-28: 7th Nat'l Conf. on Product
Engrg. and Production, Boston,
Mass.

June 4-5: Sth Nat’l Radio Frequency
Interference Symp., Bellevue-Strat-
ford Hotel, Philadelphia, Pa.

June 11-13: Nat’l Symp. on Space Elec-
tronics and Telemetry, Los Angeles,
Calif.

June 19-21: Joint Automatic Control
Conf., Univ. of Minnesota, Minne-
apolis, Minn.

July 9-11: 1963 PAGAP Internat'l
Symp., NBS, Boulder, Colo.

July 22-26: Sth Internat’l. Conf. on
Medical Electronics, Liege, Belgium.

Aug. 20-23: WESCON (Western Elec.
Show and Conf.) Cow Palace, San
Francisco, Calif.

Aug. 27-Sept. 4: 2nd Congress, Inter-
nat’l Fed. of Automatic Control,
Basle, Switzerland.

Sept. 9-11: 7th Nat'l Conv. on Military
Electronics, Shoreham Hotel, Wash-
ington, D. C.

Sept. 18-19: 12th Annual Industrial
Electronics Symp., Michigan State
Univ., East Lansing, Mich.

Sept. 24=27: Internat’l. Telemetering
Symp., London, England.

Sept. 30-Oct. 2: Canadian Electronics
Conf., Toronto, Ontario, Canada.
Oct. 1-3: 8th Annual Symp. on Space
Electronics, Miami Beach, Fla.

Oct. 7-9: 9th Nat’l Communications
Symp., Utica, N. Y.

Oct. 21-23: East Coast Conf. on Aero-
space and Navigational Electronics
(ECCANE), Baltimore, Md.

Oct. 28-30: Nat'l Electronics Conf.,
McCormick Pl., Chicago, Il

Oct. 29-31: 10th Annual Meeting
PGNS and Internat'l Symp. on
Plasma Phenomena and Measure-
ments, El Cortez Hotel, San Diego,
Calif.

Oct. 31-Nov. 1: 1963 Electron Devices
Meeting, Sheraton Park Hotel,
Washington, D. C.

Nov. 4-6: NEREM (Northeast Research
and Engrg. Meeting), Boston, Mass.

Nov. 11-13: Radio Fall Meeting, Hotel
Syracuse, Syracuse, N. Y.

Nov. 10-14: 9th Annual Conf. on Mag-
netism and Magnetic Materials,
Chalfonte-Haddon Hall, Atlantic
City, N. J.

Nov. 12-14: Fall Joint Computer Conf.,
Las Vegas Conv. Center, Las Vegas,
Nev.

Nov. 18-20: 16th Annual Conf. on
Engrg. in Biology and Medicine,
Lord Baltimore Hotel, Baltimore,
Md.

Dec. 5-6: 14th Nat’'l Conf. on Vehicular
Communications.

Feb. 13-14: Internat’l Solid State Cir-
cuits Conf.,, Sheraton Hotel and
Univ. of Pa., Philadelphia, Pa.

Mar. 23-26: IEEE Internat’l Conv.,
Coliseum and Waldorf-Astoria, New
York, N. Y.

* DI, = Deadline for submitting ab-
stracts,

15A



16A

Zero Failures in Over a Million Tube Hours

proven

new high

in reliability for
rame grid tubes

AMPEREX, largest manufacturer of frame grid tubes,
announces two 10,000-hour Premium Quality tubes, types 6922M and 7737M,
with specified failure rates exceeding the reliability requirements of
Mil Specs MIL-E-1/1168A and MIL-E-1/1451 respectively.

In a stringent four-year reliability testing program, the
AMPEREX 6922M twin triode, designed for use in radar,
oscilloscopes, computers, broadband amplifiers and critical
airborne applications, achieved a failure rate of 0.10%/
1000 hours for inoperatives and 0.17%/1000 hours for
total failures. 2860 tubes were each tested for 1000-hour
periods for a total of 2,860,000 tube hours.
DATA: TYPE 6922M: Gm=12,500 ;umhos at 15 ma.; Ampli-
fication Factor=53, AFR=1.0%/ 1000 hours; Mechanical
Outline T-6%2, 9-pin miniature, maximum height 1'%".
The 7737M, a ruggedized, non-microphonic version of
the JAN 6688, was similarly tested. This Premium Quality
pentode was designed for critical airborne applications,
coaxial cable amplifiers and video and broadband IF am-
plifiers in communications and radar equipment. In 1962,
the 7737M achieved a failure rate of zero %/ 1000 hours
for inoperatives and 0.75%/ 1000 hours for total failures.

DATA: TYPE 7737M: Gm=16,500 ;zmhos at 13 ma.; Ampli-
fication Factor=33, AFR=1.0%/1000 hours; Mechanical
Outline T-6Y2, 9-pin miniature, maximum height 1%2".

The 6922M and 7737M are available in production quan-
tities, with specified failure rates, to MIL Specs MIL-E-1/
1168A and MIL-E-1/ 1451 respectively. To guarantee the
Specified Failure Rates, the military specifications require
test procedures using one acceptance figure for a cumula-
tive total of 250 tubes resulting from 5 successive samplings
of 50 tubes each, and another acceptance figure for the
individual 50-tube samplings. This procedure, employing
the unusually large quantities of tubes in both the indi-
vidual samplings and the total cumulative samplings, guar-
antees the statistical significance and accuracy of the
result. Results achieved in 10,000-hour life tests of individ-
val lots of both tube types enable us to guarantee the
reliability and specify the failure rates of these tubes.

The complete story of this unparalleled achievement in tube reliability is available in a new brochure: “Guaranteed
Reliability with AMPEREX Premium Quality Frame Grid Tubes.” This new brochure describes the production
techniques used in the manufacture of AMPEREX frame grid tubes and presents a detailed analysis of how
AMPEREX conceived and conducted these reliability tests and life studies. Write for your free copy to: AMPEREX
Electronic Corporation, Special Purpose Tube Department, 230 Duffy Avenue, Hicksville, Long iIsland, New York,

#4 CANADA: PHILIPS ELCCTRON DEVICES LTD., 1316 VANDLRHMOOF AVENUE, TORONTO 17, ONTARIO

P S

Ask Amperex
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CURRENT IRE STANDARDS

Please order by number from IRE Headquarters, 1 E. 79 St., N. Y. 21, N. Y. A 20 per cent

discount will be allowed on order for 100 or more copies mailed to one address.

Prans 1N PROGRESS FOR

IEEE WinTER GENERAL MEETING
The first TEER Winter General Meeting

will be held in New York, NU Y. on January

. . Cost 27-February 1, 1962, Technical sessions will
. ) Standard . . be held at the Statler Hilton and New Yorker
58 IRE ‘}5. TRI'tItRE '(I';clhmc;:) (I:vl;!('l:l)!nlttee Report: Methods for Testing Radiotelegraph Hotels, as well as at the Coliseum, the site
ransmitters (Below . : D A TR AT
Reprinted fron the January, 1959, PROCEEDINGS $0.60 “.' e ST “"(I.['l” i I'"“".“””}* ey
61 IRE 15.51 Standards on Radio Transmitters: Definitions of Terms, 1961. dEDm. ._\pprn\un.nlrl'\' 138 SIS dIRE {0 he
Reprinted from the February, 1961, PROCEEDINGS. . $0.25 organized by technical committees in cach
49 IRE 16.S1 Standards on Railroad and Vehicular Commun cations: Methods of Test- of the MR s six technical divisions. More
ing, 1949. Adopted by ASA. (ASA C16.18-1951, R 1961)) than 600 Transaction~ and  Conference
Reprinted flom the December, 1949, PROCEEDINGS. $0.50 papers are expected to be programmed for
47 IRE 17.S1 Standards on Radio Receivers: Methods of Testing Frequency-Modulation the meeting.
Blroadcas(t:&elcgw)ers. 1947. Adopted by ASA. (ASA C16.12-1949, R 1961, with sup- 50,50 Rz (ree Do sa0 aedike of Tl ol
ement a . G . e NVorleor ) .
48 IR‘;Z 17.S1 Standards on Radio Receivers: Methods of Testing Amplitude-Modula- Stater Hilton and New \‘frl‘“ ll““'"‘.ﬁ"
tion Broadcast Receivers, 1948. Adopted by ASA. (ASA C16.19-1951, R 1961.) $1.00 members and guests -lllt'mhng\: the meeting.
49 IRE 17.S1 Tests for Effects of Mistuning and for Downward Modulation. Letters of request for reservations should he
1939 Supplement to 47 [RE 17.51. Reprinted from the December, 1949, ProcribiNes $0.25 sent to the hotel selected, specitically re-
51 IRE 17.S1 Standards on Radio Receivers: Open Field Method of Measurement of ferring to the NTEE mecting.
Spurious Radiation from Frequency Modulation and Television Broadcast Receiv- In addition to the technical sessions, the
ers, 1951, LI Winter General Meceting Commiittee
Reprinted from the July, 1951, PROCEEDINGS $0.50 is planning =ocial activities for the benefit of
52 IRE 17.S1 Standards on Receivers: Definitions of Terms, 1052. all )'n'li(-ii)'ml\‘ in olke fneetre. S\ Raltnomel
Reprinted from the December, 1932, PROCEEDINGS $0.60 all participants b o ¢
55 IRE 17.S1 Standards on Radio Receivers: Method of Testing Receivers Employing tea '“"” he _I“'M hefore the f“'_'_”'j" program
Ferrite Core Loop Antennas, 1955. begins, on Sunday, Janoary 27, in the ball-
Reprimed Nom the September, 1935, PROCREDINGS. L $0.50  room of the Statler Hilton Hotel. The peren-
60 IRE 17.S1 Standards on Television: Methods of Testing Monochrome Television nial Smoker will he held on “Taesday evening,
Broadcast Receivers, 1960. Adopted by ASA. (ASA C16.13-1961.) January 29, in the Grand Ballroom of the
Reprinted from the June, 1960, PROCEEDINGS. : $1.00 Statler Hilton Totel Requests for tickets
53 IRE 19t.S: lgt:.andalrgssson Sound Recording and Reproducing: Methods of Measure- Shonld bersent o Soker Gommittec,
ment of Noise, . 2 Soren (5 &
Reprinted from the April, 1933, PROCEEDINGS $0.50 "4“.I"L\l 47 St New York, N. V., accom-
53 IRE 19.S2 Standards on Sound Recording and Reproducing: Methods for Determining l'j““"‘l, by ‘:hf“'k‘\' .”"“.l“ ""'-‘_"'l’l“ o that
Flutter Content, 1953. Adopted by ASA. (ASA 257.1-1954.) Committee. The price is 811.50 per ticket.
Reprinted from the March, 1951, PROCEEDINGS $0.75 The Annual Dinner Dance and Reception is
58 IRE 19.S1 Standards on Recording and Reproducing: Methods of Calibration of Me- scheduled for Thursday night, January 31
chanically-Recorded Lateral Frequency Records, 1958. Adopted by ASA. (ASA \dvance reservations and ticket requests at
§4.1-1960.) $15 cach may be sent to John Vo Cadden,
Reprinted from the December, 19538, PROCEEDINGS $0.60 1.\ Jochum, Tne., 18 Lindsley Ave., West
51 IRE 20.S1 Standards on Pulses: Definitions of Terms—Part I, 1051 Oran o NGk Ehonid I)(: rndle @ 60
Reprinted from the Jine, 1951, PROCEEDINGS. . $0.50 S ova da T . tadeon
51 IRE 20.S2 Standards on Transducers: Definitions of Terms, 1951 Special '\""“'“”: ‘,\""“'"'T-\' '\[.I"I"', .
Reprinted from the August, 1951, PROCEEDINGS $0.50 A program ol inspection (rips is being
52 IRE 20.S! Standards on Pulses: Definitions of Terms—Part II, 1952. prepared, including rips to Radio City
Reprinted from the May, 1952, PROCEEDINGS $0.50 Mu=ic Hall, Western Eleetrie Co., Consoli-
58 IRE 20.S1 Index to IRE Standards on Definitions of Terms, 1942-1957. dated Edison Company's System Operator’s
Reprinted from the February, 1938, ProcremNGs. $1.00 Office, The New York Times, James For-
50 IRE 20.S1 Standards on Methods of Measuring Noise in Linear Twoports, 1959, restal Researeh Center. United  Nations
Reprinted trom the January, 1960, PROCEEDINGS $0.75 General assemblv. Bell Telenl s Labori-
51 IRE 21.S1 Standards on Abbreviations of Radio-Electronic Terms 1951. seneral assembiy, Belt 1elephone Labora
Reprinted from the April, 1931, PROCEEDINGS $0.50 torics, ((.m.\uliul.'n(-(l' I-,d!snn. ((m.lpzm.'\'s
57 IRE 21.S1 Standards on Letter Symbols and Mathematical Signs, 1958. (Reprinted Indian Point Generating Station, Picattiny
1957.) Arsenal, New York Stock Exchange, Public
Reprinted from the August, 1957, PROCERDINGS. $0.60 Service Flectric and Gas Company's Se-
57 IRE 21.S2 Standards on Reference Designations for Electrical and Electronic Equip- waren  Generating Station,  International
ment, 1957. ) ) Business Machines Corp., Holophane 1ight
Reprinted from the .\()V('lllll('l',. 1057, |'Rl)l‘l-1l-:lll.\'(;S'.. ; $0.70 and Vision Co.. and Brookhaven National
57 IRE 21.S3 Standards on Graphical Symbols for Semiconductor Devices, 1957. Lalkomotaries
Reprinted from the December, 1957, PROCEEDINGS .. $0.60 o - . .
55 IRE 22.S1 Standards on Television: Definitions of Color Terms 1955. . ! l‘“'f 4 l","”g '_"‘”I", Iy l,l"' I"“I,"'S
Reprinted from the June, 1935, PROCEEDINGS $0.60 l'.nl('rlu.mnu-nl ('(unnnll(-v.lnr annteresting
50 IRE 23.S2 Standards on Television: Methods of Measurement of Time of Rise, Pulse week of events for the Tadies artending the
Width, and Pulse Timing of Video Pulses in Television, 1950. Meceting, On Fuesday evening, January 29,
Reprinted from the November, 1930, PROCEEDINGS. . $0.75 a dinner with entertainment will be held in
50 IRE 23.S3 Standards on Television: Methods of Measurement of Electronically Regu- the Penn Top of the Statler Hilton Hotel,
” ]“tht P]O\fver Sl.;ppllles, 1950]9_] ] - $0175 and a tour through Telena Rubinstein’s
eprinted from the January, 1951, PROCEEDINGS 3 . A r ST, I
54 IRE 23.S1 Standards on Television: Methods of Measurement of Aspect Ratio and "\'II“\“ hl)l‘““"“.l lor \}“:"‘T"t'§ "If.l”“'l.r‘\,'m'
Geometric Distortion, 1954, Adopted by ASA. (ASA C16.23-1954, R 1961.) Members of the 1963 HEEE Winter Gen.
Reprinted from the July, 1934, PROCEEMINGS $0.60 "f“] 3“"“““.‘\’ ( UGG W G '\ icth,
55 IRE 23.S1 Standards on Television: Definitions of Television Signal Measurement Chairman; . G Derse, Viee Chairmant
Terms, 1955. W Rean Viee President Distriet 3 and
Reprinted from the May, 1955, PROCEEDINGS $1.00 Budget Coordinator; 1. o Marey, Repre-
58 IRE 23.S1 Standards on Television: Measurement of Lumlnance Signal Levels 1058 sentative,  Technical  Operations Depart-
" Ad'opte:i.by AS]A- l(‘AlSA Cle. %_1\9519) Revision of Part [ 50 IRE 23. S1 o 1. 1. O'Connor, Chairman. Public
cprinted from the Febrary, 1938, PROCEEDINGS 3 e (O e oy (o
60 IR{Z 23.S1 Standards on Television: Measurement of Differential Gain and Differ- l\f l‘”.m{'_\. ((,m:m'.lu;,'. \\,' ('i TG, WG
ential Phase, 1060. Adopted by ASA. (ASA C16.33-1961.) ] SasSg S, P i emstter, S ol
Reprinted from the February, 1900, PROCEEDINGS $0.60 “f’“””“‘l“_l"’“’\'; I ¢ '““"(l' ]' l\"g!Slra‘_'
60 IRE 23.52 Standards on Video Techniques: Measurement of Resolution of Camera tion; P. Zarakas, Tnspection Trips; T AL
Systems, 1961. Adopted by ASA. (ASA C16.34-1962.) Revision of Part II S0 IRE Bartlett and R. T Weil, Jr., Stadent Assist-
23.S1 ants; J. DL Thuerk, Smoker; HOAVL Grissler,
Reprinted from the March, 1901, PROCEEDINGS $0.50 Dinner Dance; Mrs. ROV Gillette, Ladies
S — — = — = . Events,
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TARZIAN
DESIGN

Fe ST

IDEAS

® Any circuit that is switched can generate high
voltage spikes of harmful amplitude to semicon-
ductor devices. Sarkes Tarzian voltage transient suppressors
(Klipvolts) offer an economical, efficient solution.

One recurrent problem that suppressors solve is encountered
when switching is at the primary of a transformer. Magnetizing
currents are interrupted, causing a voltage spike many times the
steady state value of secondary voltage. The result is failure of
voltage sensitive devices in the circuit.

Transient voltage spikes of very short time duration often

\TARZIAN TYPE C-68 BRIDGE

\
PAARSSS

How to stop voltage trans

To=r=acs

escape detection by instruments of normal sensitivity. Spikes
occurring in control circuits where oscillation or “ringing” can
occur are also hard to find. These transients can often be the
reason for circuit problems that seem to have no obvious cause.

ts and diode fallures

= e =

Standard Tarzian suppressors can handle discharge currents
as high as 430 amperes (43,000 ampere load current in a three-
phase circuit). Special types can be custom-designed for any
practical rating. The diagrams shown here represent actual ap-
plications in which Klipvolt suppressors have been used. Your
circuit is probably well within their wide range of application.

{ Transient Voltages in Motor Speed Control Rectifier (Fig. 1)
Problem: D-68 bridge rectifier assembly with 400V diodes is used to supply
DC to controlled speed DC motor. Switching is accomplished at primary of
an isolation transformer. Random switching causes intermittent rectifier
failures. Tests show transients to 600V without suppression.

Solution: Use S-490A non-polarized Klipvolt across transformer second-
ary. Use S-244 Klipvoit across the motor field coil to limit transient spikes
to less than 150V,

Result: Rectifier failure eliminated.

voltages several times the steady state peak value at the secondary..

4 Voltage Transients in Electroplater (Fig. 2)

Three-phase center tap and six-phase star connections causing transient
.in excess of 200V.

Connect an S-539C suppressor across the secondary to reduce transients

to below 100V. Use 100 PIV rated diodes instead of 300 PIV ratings.
Result: Substantial cost saving on heavy current diodes.

; &4), S-490: ﬁ‘ 4\ i .]
> A —
__‘9‘. x ! vbW e -]
é_ ‘\ d\ * 5 100V DL
— @m CaYy S et
Zamp max.
] |
E— 4 -
— - — -1
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Problem:
i ™~
| \“va/l Solution:
| =
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i ! RS
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i ]
l*\ !
L 5 )’J. — .”“5_ 4+ |
s-539¢ ZZO’VAC
E . — _'j - NRS
S N
Farn > |
1 1
‘ Lotk e
RS« STHIOP
l { (6 REQUIRED)
|~ T
f l 35V

spikes in excess of 3000V, peak to peak, above steady state value.
transient set up by the inductance and inter-turn capacity of the cnrcult breaker.

Solution: Use S557E Klipvolt suppressor to dampen the superimposed peak to

Diode Failures in

‘/\‘K 220V Circuit Breaker (Fig. 3)
/ $-5774 N —
| | \’ s»ssvzi
> - |

i _

—

3 CIRCUILT

? BREAKER

Problem: Failures reported even though all operating parameters are well within
the rating of S-5774 rectifier assembly. Laboratory investigation discloses voltage

.an oscillatory

above steady state values. Place type S-493 Klipvolt across line to protect

against random input transient voltages.
Result: “Mystery"” failures eliminated.

TYPICAL TARZIAN KLIPVOLT SUPPRESSORS

NON-POLARIZED
Peak Dischg. Peak Dischg.
Type Volts PIV Amperes Type Volts PIV Amperes
S-550 27 45 5.5 Single Phase
S-550L 27 45 430 S-487 35 50 2.5
S-490A 140 200 45
SR R =0 33 S-492L 210 300 180
S-554L 135 225 430 $-493 400 280 2.5
S-556 189 315 5.5 “Three Phase
S-556L 189 315 430 S-539C 50 35 135
S-557E 216 360 65 S-544L 210 300 180
SARKES TARZIAN, Inc.
World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems ¢ Broadcast
Equipment « Air Trimmers « FM Radios » Magnetic Recording Tape » Semiconductor Devices
SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA
Canadian Li : Marsland Engineering Limited » 350 Weber Street North, Waterloo, Ontario
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CURRENT IRE STANDARDS

Please order by number from IRE Headquarters, 1 E. 79 St.,, N. Y. 21, N. Y. A 20 per cent
discount will be allowed on order for 100 or more copies mailed to one address.

Standard

Cost

61 IRE 23.S1 Standards on Video Techniques: Definitions of Terms Relating to Tele-

vision, 1961. Supplemtnt to S5 IRE 23. S1
PPROCEFDINGS

Reprinted from the July, 1901,

........ $0.50

45 IRE 24.S1 Standards on Radio Wave Propagatnotl Definitions of Terms Relatmg to

Guided Waves, 1945

...... $0.20

50 IRE 24.S1 Standards on Wave Propagatlon Deﬁmtlons of Terms, 1950.

Reprinted from the November,

1950, PROCEEDINGS. .. ...

........... $0.60

55 IRE 26.S1 Standards on Graphical and Letter Symbols for Feedback Control Sys-

tems, 1955.
Reprinted from the November,

19535, PROCEEDINGS ... $%0.25

55 IRE 26.S2 Standards on Terminology for Feedback Control Systems, 1955.

Reprinted from the January,

10536, PROCEEDINGS

................... $0.50

61 IRE 27.S1 Standards on Radio Interference: Methods of Measurement of Conducted
Interference Output to the Power Line from FM and Television Broadcast Receivers
in the Range of 300 KC to 25 mc, 1961. Adopted by ASA. (ASA C16.25-1962.)

Reprinted from the September, 1961,

PROCEEDINGS. . $0.60

56 IRE 28.S1 Standards on Letter Symbols for Semlconductor Devnces 1956.

Reprinted from the July,

1950, PROCEEDINGS

..... $0.50

56 IRE 28.S2 Standards on Solid-State Devices: Methods of Testmg Transxstors. 1956.

Reprinted from the November, 1950, PROCEEDINGS.
S8 IRE 28.S1 Standards on Solid-State Devices:

........ $0.80
Methods of Testmg Point- Contact

Transistors for Large-Signal Applications, 1958.

Reprinted from the May,

1960.
Reprinted from the October,

1938, Procecdings
60 IRE 28.S1 Standards on Solid-State Devices:

.. Lo $0.70
Definitions of Semiconductor Terms,

1960, PROCEEDINGS. .. ... .. .. e ... ...... %0.50

60 IRE 28.S2 Standards on Electrostatographic Devices, 1961.

Reprinted from the March, 1901,

Capacitors, 1961.
Reprinted from the August, 1961,

PROCEEDINGS
61 IRE 28.S1 Standards on Solid-State Devices:

........... ..$0.50
Definitions of Terms for Nonlinear

PROCEEDINGS. o . B $0.25
61 IRE 28.S2 Standards on Solid-State Devices:

Measurement of Minority-Carrier

Lifetime in Germanium and Silicon by Method of Photoconductive Decay.

Reprinted from the August, 19601,

PROCEEDINGS. ..

......... $0.60

62 IRE 28.S1 Standards on Solid-State Devices: Deﬁmt:ons of Superconductive Elec-

tronics Terms, 19062

Reprinted from the April, 1902, PROCEEDINGS. . . $0.25

61 IRE 30.RP1 IRE Recommended Practices on Audio and Electroacoustlcs

Speaker Measurements.
Reprinted from the October, 1961,

PAPERS SOLICITED FOR
Sax Digco Symrosiom

The Third Annual San Diego Svimposinm
for Biomedical Engineering will he held on
April 22-24, 1963, in conjunction with the
[RE 7th Region Technical Conference on
April 2426, 1962. The two meetings will
take place in the same location. Fechnical
sessions on Monday and Tuesday will be
arranged by the San Diego Symposium for
Biomedical Engineering for SDSBIE regis-
trants only: those on Thursday and Friday
will be arranged by the [RE for IRE
registrants only: the Wednesday  sessions
will he the result of a cooperative effort by
the two Program Committees to arrange
sessions which will be comprehensive and of
outstanding value to both groups. Although
registration for the two meetings will he
separate, registrants for cither will be wel-
come at the Wednesday sessions,

As in the past, the theme of the SDSBE
will he interdisciplinary cooperation. Papers
are hereby solicited in:

(1) Medicine and biology  where ad-
vances have bheen made possible by tech-
niques or equipment of the physical sciences
and engineering;

(2) The physical sciences and engineer-
ing, as applicd to medicine and biology.

PPapers describing work inspired by pres-
entations at these SDSBIE or similar sym-

20A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Loud

PROCEEDINGS. .. ..ot $0.60

posia, or resulting from personal contacts
made  through them are particularly in-
vited. Workers in the fheld of biomedical
engineering who can offer papers describing
signilicant progress, or real potential, which
has not been reported elsewhere, are urged
to send a ttle and summary to the Pro-
aram Committee immediately to assist us
in planning.

Prospective speakers must send  full-
length drafts of their papers by December
15, 1962 to John Il Mcleod, Chairman,
I’mgr;un Committee, 8484 La Jolla Shores
Drive, La Jolla, Calif. "These dralts mayv be
preliminary; an opportunity  to update,
modify, and/or correct them will be given
before publication. But all material to be
covered in the final version must he covered
to approximately the same degree, and all
tables and illustrations must be included.
Only by careful consideration of such a com-
plete draft can the reviewers (one cach from
the life sciences, the physical sciences, aund
the Program Commitiee) determine  the
relative merits of the competing papers.

Speakers will be selected and notified by
the first week in February, 1963, Final ver-
sions of their drafts must be in the hands of
the Publication Committee not later than
March 14, 1962, The Committee will work
from these drafts and submit galley proofs
for approval, no further work will be re-
quired of authors,

POLYTECHNIC SYyMPosiUM
ON OrTical MASERS

The Thirteenth Annual Polytechuie Tn-
ternational Symposium, devoted to “Optical
Masers,” will he held in New York, N Y.
on April 1618, 1963. The Svimposium will
attempt a comprehensive integration of the
physics and technology bearing directly on
the discovery, theory, and application of
maser phenomena at optical and infrared
frequencies. Prospective authors are in-
vited to submit papers no later than De
cember 15, 1962, Specific
to be included are as follows:

Quantum Electrodynamies and Related
Topics in Physics: coherence;
radiative corrections, stimulated  emission,
thermodyvnamical implications, photon-pho-
ton scattering: bearing on and  tests of
general relativity, interactions with gravi
tational fields.

Materials: Solid, liguid and gascous sys-
tems; spectroscopy, optical properties, crys-
tal growth, nontinear effects, magneto-optic
and clectro-optic effects,

Optical  Maser  Conhgurations:  [igh
oﬂi('ivllry optics, resonant structures, travel-
ling wave structures, modal phenomena.

topics proposed

Dispersion,

System Considerations: Communica
tions, radar, astronomy. medicine, instru-
mentation, industrial - processes,  phonon
modulation.

The 1963 Symposium is organized by the
Microwave Rescarch Institute of the Poly-
technic Institute of Brooklyn in coopera-
tion with the IRE, AEE and Optical
Society of America. [t is co-sponsored by
the Air Force Office of Scientitic Research,
the Oftice of Naval Rescarch and the Army
Research Office.

In keeping with tradition, the Sympo-
sium will endeavor 1o serve the two-fold
purpose of providing both a review of the
present state of rescarch in the optical maser
ficld and a forum for discussion of recem
ountstanding advances of interest to engi-
neers, chemists, and physicists involved in
laser research and development. The pro-
gram  will comprise hoth invited and a
limited number of contributed papers and
will conclide with a round-table discussion.
IFurther information may be obtained from
Professors L. Bergstein, W, Kahn or G.
Oster,  Co-chairmen  of  the  Symposium
Committee. Correspondence should bhe ad-
dressed to Symposium - Committee, Poly
technic Institute of Brooklyn, 5§ Johnson

t., Brooklyn 1, N, Y.

JTAC REPRINTS AVAILABLE

The IRE Joint Techuical Advisory Com-
mittee has reprinted copies of Session 29 of
the IR International Convention Record.

Session 29, sponsored by PGMIL and
PGRFI, was a panel on “Llectromagnetic
Compatibility—Its Significance to Our Sur-
vival.™ Members of the panel and their pa-
pers were as follows: “Basic Issues of Spee-
trum Conservation,” 1. G Fink; “Spectrum
Polution,” R. I’ Gifford: »The Cost of
Radio  Frequeney Interference,”  Foo L.
Ankenbrandt; and "System Electromagnetic
Compatibility—DOD's  \pproach 1o the
Problem,™ J. AL MeDavid.

The reprints may be obtained free of

charge from: JTAC Sceretary, IRE Head-
quarters, 1. 12, 79 St,, New York 21, NU Y.
December, 1962



IS THERE ANY OTHER

ECM OSCILLATOR
THAT CAN MATCH THE

507%+ EFFICIENCY OF GES...

DON'T BE REPETITIOUS !

I'M NOT. THEY'RE TWO DIFFERENT

cEVTMS. BoTH HAVE THE HIGHEST EFFICIENCY
(PLUS LIGHTEST WEIGHT AND HIGHEST
POWER OUTPUT) EVER AVAILABLE for Ecm power oscillators.

They differ only in frequency output. Matched intc a system, they can sweep the entire

range between 2.6 and 3.2 gigacycles in as little as one nanosecond.
Here are some specs on these two VIMs that bear comparison to other ECM oscillation

methods:

Power output. ..... ... ... ... ... ... 75 watts min.
Frequency ..... JEP IM-6046: 2.6. -2.9gc
IM-6047: 29-3.2gc
Input capacitance.......... ... ... .o, 40 picofarads
Weight . .. e 6.8 Ibs.
Max. dimensions..................... 55 x 46 x 3.8 inches
Efficiency . . ..o 50% min.

Of course, these are only two from a large VIM selection. General
Electric was first to introduce practical VIMs and remains the leader
in this field. Its VIMs have been proven in major ECM programs. De-
velopment has been supportec by all the service arms, and G.E. is con-
tinually bringing new types out of development and into the factory.
Well worth checking their <ales office. For any electronically-swept

oscillator application (250 mc upward), General Electric VIMs ought to
get first consideration . ..

..BY CONTACTING

ONE OF THE
SALES OFFICES LISTED BELOW,
IF YOU'LL PARDON
THE REPETITION.

PROGRESS IN MICKOWAVE TECHNOLOGY CERAMIC TETRODES, TWT's, HIGH
POWER DUPLEXERS. HIGH.POWER WAVEGUIDE FILTERS, KLYSTRONS AND THERMI-
ONIC CONVERTERS. FOR INFORMATION ON THESE PRODUCTS, WRITE SECT. 265-21, POWER TUBE DEPARTMENT 26521

POWER TUBE DEPT., GENERAL ELECTRIC CO., SCHENECTADY, N. Y. OR TELEPHONE
TODAY: SCHENECTADY, N.Y. FRanklin 4-2211 (Ext. 5-3433) e WASHINGTON, D. C. EXecutive 3-3600 o DAYTON, OH!O BAIdwin 3-7151 e LOS ANGELES. CALIF. BRadshaw 2-8566

SYRACUSE, N. Y. 652.5102 e CHICAGO, ILL. SPring 7.1600 e CLIFTON, N. ). GRegory 3-6387 e  NEW YORK, N. Y. Wisconsin 7-4065 e ORLANOO, FLA. GArden 4-6280

% ELECTROMICS o veons e GENERAL ELECTRIC



WINTER INSTITUTE ON
AvTtoMaTic CONTROL

The University of Florida, Gainesville,
Fla., is presenting the Second  Graduate
Winter Institute on Optimum and Adaptive
Control System Theory on February 18-22,
1963. The Institute is sponsored by the
Engincering  and  Industrial  Experiment
Station of the University’s College of Engi-
neering. Industry, University and Govern-
ment representatives are invited to attend
this tutorial conference on automatic con-
trol. Each participant must have at least a
bachelor’s degree in any of the fields of
engineering or in physics, and an adequate
background in control systems either prac-
tical or academic,

Registration fee for the Institute is
$100.00. To facilitate proper planning for the
program it is necessary that registration
forms be sent no later than January 15,
1963 to: Division of General Extension,
FFlorida Institute for Continuing University
Studies, Scagle Building, Gainesville, Fla.
Sinee a special ladies program is being
planned, delegates should indicate on the
registration form if they plan to bring their
wives,

The lecturers at the conference are: Dr.
Michael Athanassiades, Professor Jens G
Balchen, Dr. John E. Bertram, Professor
J. 1. Coales, Dr. Piceter Evkhoff, Professor
[. Fliigge-Lotz, David L. Mellen, Professor
Bernard  Widrow, and  Professor Olle [
I lgerd.

Dr. Athanassiades received the BS R,
MUS ,oand  Ph.D. o degrees  from the
University of California. .\t present, he is
on the staft of the M.1T. Lincoln Labora-
tory, conducting rescarch in the teld of
optimal control theory with application to
minimum time, mininnum fuel and minimuam
energy systems, lle is a member of IRE,
AR, Phi Beta Kappa, Eta Kappa Nu,
and Sigma Ni. His lectures will cover the
following topics:

lixposition of the Maximum Prineiple
and Hamilton-Jacobi Theory

Derivation of Necessary Conditions on
Optimal Control for Minimum Time, Mini-
mum Fuel, and Minimum Energy Criteria

Design of High-Order Real-1ole Bang-
Bang Control Systems

Minimum Time Control of Oscillatory
Plants

Design of Second Order Minimum-Fuel
Svstems

Design of Minimum “Time, Minimum
Iuel, and Minimom  Energy Self-Adjoint
Svstems,

P’rofessor Balchen is Head Professor of
the Division of Automatic Control at the
Technical University of Norway, ‘Trond-
heim. He received the Diploma Degree from
this University in 1949, and the M.S. degree
from Yale University. Currently, he s
leading a rescarch program at the Technical
University in the general field of optimum
control of multivariable processes, His other
activities inchide membership on the Ex-
ceutive Council of the International Federa-
tion of Automatic Control. His lectures at
the Winter Institute will coneentrate on the
following two arcas:

Optimal Control of Multivariable Proc-
CRSeS

Determination of System Dynamics by
Use of Adjustable Models,
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Dr. Bertram received the B.S.EE. de-
gree from Washington University in 1052,
and the M.S. and Sc.D. degrees from
Columbia University in 1955 and 1958,
respectively. He is Manager of Control
Systems  Rescarch at the  International
Business Machines Corporation. The ohject
of his lectures is to present a tutorial dis-
cussion of the problem of stochastic optimal
control. To wmotivate the topic, several
stochastic optimal control prohlems with
physical origin will be outlined. After classi-
fyving these problems, a mathematical formu-
lation of thestochastic optimization problem
will he presented. A\ discussion will follow
of some sample problems where the sto-
chastic and optimization can be treated
separately.

Professor  Coales received his formal
education at Cambridge University, Eng-
land, where he is presently in charge of the
Control Group in the Engincering Depart-
ment. He has engaged in research on radio
direction finding, ultra-short wave radar,
computers, and all phases of control. Heis a
member of the Exccutive Committee of the
National Physical Laboratory, and is
consultant on research and development,
particularly in the field of automation, to a
number of large industrial groups. His lec-
tures will cover the topics of fast-time pre-
dictor systems and the application of non-
linear ftilters and self-adjusting models to
control systems,

Dr. Evkboff received the B.S:and MLS,
degrees in electrical engineering from the
Technological  University in Delft, The
Netherlands, and the Ph.D. degree from the
University of California, Berkeley. He is a
member of the faculty of the Technological
University, in charge of a research group
studyving the problem of parameter estima-
tion, and building a special type of analog
computer for simulating the nonstationary
stochastic type of signals that oceur in
many of these estimation problems. He is a
member of the IRE, AIEE, Sigma Ni,
Royal Duteh Institute of Graduated Engi-
neers, and International  Association  for
Analog Computation, He will devote his
leeture series to the problem of system
identification. A critical review of the va-
riety of methods proposed to achieve esti-
mation of system parameters will be given,
as well as an exposition of the work being
done at Delft.

Dr. Iligge-Lotz received the Diplom-
Ingenieur degree in engineering mechanices
in 1927, and the PhD, degree in engineering
in 1929, from the Technical University of
Hannover, West Germany. She joined the
stafl of Stanford University in 1949, where
she presently is Professor of Aeronautical
Engincering and  Engineering  Mechanies,
lecturing and conducting research in fluid
mechanies and control. She is a member of
IRE and Sigma Ni, and an  Associate
Fellow of TAS. Her lecture topics will
comprise:

ldeal and  Realtistic Contactors (Re-
lays)-—their use in feedback control systems
for improving stability and performance

General  Behavior of  Systems in the
Ncighborhood of  Switching  points—sys-
tems with and without zeros in the plant
transfer function, controlled and uncon-
trolled chatter, design suggestions for third
order systems

Relation Between Optimal and Con-

World Radio Histol

tactor  Control—D’ontryagin’s  wmaximnm
principle and contactor control, difficulty of
expressing the time-dependent control funce-
tion as function of the phase variables, ap-
proximate switching functions which lead
to near optimum performance,

Dr. Widrow received the B.S,, MLS, and
Ph.D. degrees from the Massachusetts
Institute of Technology. He is an Associate
Professor of Electrical Engineering, engaged
in rescarch and teaching in systems theory,
control theory, adaptive logic, and adaptive
control systems. He is also President of
Memistor  Corporation,  Momntain View,
Calif., and a member of ATEE, IRE, and
Sigma Xi. He will lecture on the topic of
“Pattern Recognition and Adaptive Con-
trol.”

Dr. Elgerd received the BSEE. and
Diploma Degree from the Roval Institute
of Technology, Stockholm, and the D.Se.
degree from Washington University. He s
responsible for the Graduate Control and
Simulation Program at the University of
Florida, and is a consultant to the Inertial
Guidance and Control Group of The Martin
Company and Nerospace Corporation. He
is a member of the Swedish Society of
LEngineers and Architects, IR, ATEE, and
Sigma Ni.

Mr. Mellen received the B.SALE and
M.S.ALLL degrees from lowa State Univer-
sity, He is associated with Minneapolis-
Honeywell Company, as a Project Manager
for the gnidance and control system for a
special test vehicle, He is an Associate
Fellow of the Institute of Aerospace Sci-
ences, His lecture will discuss “The Develop-
ment and Flight Text of an Adaptive Flight
Control System for the N-15 Vehicle,™

NaTIoNAL PGPEP CoNFERENCE

The IRE Professional Group on Product
LEngineering and Production, with the co-
operation of its Boston chapter, will hold
the 7th National Conference on Product
Engineering and Production at the Conti-
nental Hotel, Cambridge, Mass,, May 2728
1003,

The program for the Conference will
cover advanced production techniquies mi-
crominiature system and product design,
and product designs to meet world-wide
competition. As a special feature, there will
be a Product Design Competition. The prod-
ucts accepted for the competition will be
on special display.

The Program Chairman is Jack Staller of
Svlivania  Electronic  Systems,  Needham
eights, Mass. The General Chairman for
the Conference is Chan Watt of The Ray-
theon Company, Lexington, Mass.

Syyrosivar RECORD
AVAILABLE

A\ Record of the papers presented at the
1962 National Symposium on Space Llec-
tronies and Telemetry, held on October 2-4,
1962 in Miami Beach, Fla., was printed and
available for sale at the Symposiinn,

A limited number of copies are available
for sale at IR Headquarters at $12.50
cach, Orders will be filled on a first-come,
first-served basis.

Send vour check to IRE Headquarters,
115 79 St,, New York 21, N, Y. for a copy
of the Symposium Record.

December, 1962
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),
Reliable Semiconductors | !’
from RAYTHEON-MOUNTAIN VIEW

300°C NANOSECOND DIODE

THE INSIDE STORY OF UNIPLANAR* VS. MULTI-PART CONSTRUCTION

| -

Integral ohmic contact

Oxide layer /

Totally protected

surface

for mechanical stabili

RAYTHEON/RHEEM UNIPLANAR* DIODE

| B

Separate ohmic contact

/

Oxide layer —

Partially protected
surface

Narrow post mount
Latent contaminant

CONVENTIONAL PLANAR MULTI-PART DIODE

UNIPLANAR* construction hoosts silicon diode reliability

Uniplanar* one-piece construction, produced at
Raytheon/Mountain View (formerly Rheem Semi-
conductor), brings a major improvement to silicon
planar diode reliability. This is demonstrated by a
300°C storage capability, unequalled shock and
vibration resistance, and more uniform electrical
characteristics.

The result of Raytheon/Rheem Uniplanar*
construction is a one-piece unit that can’t shake
loose or become misaligned. The entire chip as-
sembly, including ohmic contact, is formed by a
single process. This technique permits positive

surface passivation of the entire junction area. A
high level of uniformity is achieved, since ohmic
contacts are chemically formed thousands at a
time.

300°C storage is obtained because, for the
first time, it is possible to exclude the latent
contaminants introduced by multi-part assembly
techniques.

Uniplanar* construction is available at no extra
cost in such types as 1N914, IN916, 1N3064,
and IN251. For further information, please con-
tact the nearest Raytheon Field Office.

RAYTHEON

* Exclusive one-piece planar construction from Raytheon|Mountain View

(formerly Rheem Semiconductor).

December, 1962
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PROFESSIONAL GROUP NEWS

At its meeting on October 16, 1962, the
IRE Executive Committee approved the
following chapter: PG on Broadeast and
Television  Reeeivers—Indianapolis - Chap-
ter.

SWIRECO Cann ror Parirs

The  fifteenth  annual - Southwestern
IR Conference and  Electronies  Show,
SWIRECO, will be held in Dallas, Texas,
April 17-19, 1963, The event is also the
Region 6 IRE Meeting, Prineipal sessions
tentatively scheduled are Geophysies; Space
Electronies, including communications and
propagation; Electronic Systems and Ap-
plications; and Bionics. Techuaical papers are
sought in any of the various specialities of
Electronics. A\ student paper competition is
also planned. Abstracts of approximately
300 words should be sent to the Feehnieal
Program Chairman, Al Mitehell, Graduate
Rescarch Center of the Southwest, Po O,
Box 8478, Dallas 5, Texas. All abstracts
must be received prior to January 15, 1963,
and aceeptance notices will be  provided
within 30 davs.

The technical  program, as well as
SWIRECO's 275-booth  trade  exposition
will be held in Dallas Memorial Auditorium,
Dr. A E. Salis, head of the Electrical Engi-
neering  Department  of  Arlington  State

Millimeter

College, Arlington, Texas, is  General
Chairman  of the Conference, “Technical
Program Committee members are G. B,
Gibson, Ilectrical — Systems  Branch,
N.ASAL Manned Spacecralt Center, Hous-
ton; Dr. A, W, Straiton, Defense Research
Laboratory, University of Texas, Austin;
Dr. F. 1. Brooks, Temco \erosystems Di-
vision of Ling-Temeo-Vought, Incorporated,
Dallas; and Dr. W. Hughes, Chairman,
Electrical Engincering Department, Okla-
homa State University, Stillwater, Okla-
honia.

Complete tnformation on exhibits and
attendance is available from Hal Copeland,
Swircco Manager, The Hal Copeland Co.,
810 Wilson Building, Dallas 1, Texas.

ELECTROCHEMICAL SOCIETY
CALL FOR PAPERS

The Symposium on Thin Films for Elee-
tronic Application, sponsored jointly by the
Electronics, Eleetric Insulation, and Eleetro-
thermies and Metallurgy Divisions. will be
held in Pittsburgh, Pa., April 1518, 1963,
The objectives of the Conference are to pre-
sent a current picture of the status of thin
lilm technology and to encourage the ex-
change of information on thin film research
and development activities.

Papers are solicited on all aspects of thin
film technology having clectronie applica-

and Submillimeter

tion. Papers can be organized, for example,
along the lines of materials (metals, in-
sulators, semiconductors) and combinations
thereof (ie., cermets); techniques for thin
film deposition, monitoring and  testing;
materials for specific application (7.e., mag-
netie, diclectrie, superconducting,  tunuel-
ing); propertics of thin films (experimental
and theoretical); ageing effeets in thin films;
compatibility of thin films with other thin
films and various substrates; deviees and
integrated circuits employving thin films,
Three copies cach of a 75 word abstract
and a 500-1000 word extended abstracet
should be sent to Society Headquarters, 30
East 42 St., New York, N. Y., not later than
December 14, 19620 If there are any ques-
tions concerning the Symposium,  please
contact any of the Committee Members
mentioned below. Late news papers of
short (5-10 minute) duration deseribing re-
cent research results are also desired. Three
copies of late news paper abstracts should
be submitted to any of the Comuittee
Members no later than March 15, 1963,
The Committee Members are Henry S,
Sommers, Jr., RCA Laboratories, David
Sarnoff Rescarch Center, Princeton, N. };
Peter White, IBM Corporation, Thomas J.
Watson Rescarch Center, 2. O, Box 218,
Yorktown Heights, No Yo David Vermilyea,
General Electric Co., Research Laboratory,
I>. 0. Box 1088, Schenectady, No Y. Arnie
Lesk, Motorola  Semiconductor Division,
5005 Fast McDowell Rd., Phoenix, Ariz.

Conference

CheErRY Praza Hoten, Oreaxpo, FrLa, Jaxcary 7-10, 1963

The Millimeter and Submillimeter Con-
ference, under sponsorship of the Orlando
Seetion of the IRE, will be held January
7-10, 1963, in the Egyvptian Room of the
Cherry Plaza Hotel, Orlando, Fla. Tt should
be noted that the Conference has been ex-
tended to January 7 to permit presenta-
tion of some 56 papers. Advance registration
arrangements may be made by mailing
$5.00 before December 21, 1962, to: 11 L.
Bassett, Registration Chairman, Millimeter
and  Submillimeter  Conference,  Martin
Company-—-MP—75, Orlando, la.

A Conference Digest, consisting of ab-
stracts of the program papers, will he dis-
tributed at no cost to cach registrant. One
issue of the IRE TrRANSACTIONS ON Micko-
wAVE THEORY AND TecHNIQuEs will be
devoted to Conference papers and will serve
as the Conference record.

J. WL Dees is the General Chairman of
the Conference and ). J. Gallagher is the
Program  Chairman. The program of the
Conference will be as follows:

Monday Afternoon, January 7

Introductory Remarks and Opening \d-
dress: W, drbuckle, Chairman, IRE Or-
lando Section, Radiation, Inc., Orlando, Fla.;
J. W Dees, Chairman, Millimeter and Sub-
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millimeter Conference,  Martin
Orlando, Fla.

Opening Address: “State of the Art—
Backgronnd and Recent Developments,”
Dr. . D. Coleman, Department of Electrical
Engincering, University of Illinois, Urbana,
111

Company,

Session I—Maillimeter and Submillimeter
Transmission Lines

Moderator: Georg Gouban, USAERDLE,
Fort Monmouth, N. J.

*The H-Guide Concept, a Method for
Low-Loss Transmission at MM Waves,”
F. J. Tischer, Ohio State University, Colum-
bus, Ohio. (Invited)

A Low Loss Waveguide System and
Components,” o1, P. King, Hughes dircraft
Company, Culver City, Calif. (Invited)

“I'ransmission Methods for Short Milli-
meter Waves, ™ F. Sobel, M. Cohn, M. King,
and J. Wiltse, Electric Communication, Inc.,
Timonium, AMd.

“Millimeter Transmission by Oversize
and  Shielded-Beam  Waveguides,” . K.
Valenzuela, Carlyle  Barton  Lab., Johns
Hopkins University, Baltimore, Md.

“Investigations on a Beam Waveguide
for Optical Frequencies,” G. Gouban and
J. R. Christian, USAERDL, Fort Mon-
mouth, N. J.

World Radio History|

Session II—Resonant Structure and

Quasi-Optical Techniques
Moderator:  Yardley  Beers,  National
Burcau of Standards, Boulder, Colo.

*Experimental Study of Spherical Mirror
Fabry-Perot Resonators,” R WL Zinmerer,
National  Bureanw of Standards, Boulder,
Colo. (Invited)

“Design Problems and Performance of
Millimeter  Wave Fabry-Perot Reflector
Plates,” f1 Welling and 1. . Andresen,
USAERDL, Fort Monmouth, N. J.

*Quasi-Optical  Techniques  for  Milli-
meter Wave Transmission,” K. G. Fellers,
University of South  Carolina, Columbia,
S, C (Invited)

sSubmillimeter Components using Over-
size Quasi-optical Waveguides™ J. J. Taub,
H. Hindin, and M. L. Wright, Airborne
Instruments Lab., Deer Park, N. Y.

“Lens Svstems for Millimeter Wave
Autennas,” M. oA, Kott, Carlyle Barton
Lab., Johns [opkins University, Baltinore,
AMd.

“Optical and Quasi-Optical Transmis-
sion Techniques and Component Systems
for Millimeter Wavelengths,” R. Il Garn-
ham,  Royal Radar Establishment, Great
Malvern, Worcester, England.

December, 1962



Only Lambda offers:

Environment-engineered power supplies

mass-produced at Competitive Prices

WITHOUT METERS WITH METERS PI .
(Controls in Rear) (Front Panel Control) us THESE FEATURES
LE 101 LE 101-FM e All solid state
[ = ~ Vi ) j N e
i r /AT pite gy ; i e Completely protected
N Ew T l ' e Adjustable automatic
! ”’%’.QJ'! E ! current limiting
) 4 Y ] o -
l E S E R I E S | —— X ' e Continuously variable
i WITH METERS :
| (Controls in Rear) I e Remotely programmable
DC OUTPUT " LERIOLM i over entire range
(Regulated for line and lvad.) Y Y Y
I — e e Constant voltage/
0-36 VDC 5Amp | LE101 $420 | LE101-M $460 | LE 101-FM  $470 constant current
0-36 VDC 10Amp | LE102 525 | LE102M 565 | LE102FM 575 e Wide input frequency
0-36 VDC 15Amp | LE103 595 | LE103M 635 | LE103-FM 645 and voltage range
0-36 VDC 25Amp | LE104 775 | LE104M 815 | LE104FM 825 . &Onvection cooled—no
- — - - ——— owers
0-18vDC 8Amp | LE105 425 | LE105-M 465 | LE105-FM 475 50°C bient
M — - —_— o ambien
0- 9vDC 10Amp | LE109 430 | LE109-M 470 | LE10S-FM 480

— —— e Guaranteed 5 years

CONDENSED TENTATIVE DATA

REGULATED VOLTAGE: AC INPUT: .......... 105-135 VAC; 45-66 CPS and 320-480
CPS in two bands selected by switch.

Regulation
(line and load) ... ...Less than .05 per cent or 8 millivolts OVERLOAD PROTECTION:
(whichever is greater). For input Thermal ............. Thermostat, reset by power switch,
variations from 105-135 VAC and for thermal overload indicator light front
load variations from 0 to full load. panel.
Transient Response Electrical:
(line) ...... Output voltage is constant within External Overload
regulation specifications for any 15 Protection ........ Adjustable, automatic electronic cur-
volt line voltage change within 105- rent limiting,
135 VAC. METERS: ............... Ruggedized voltmeter and ammeter
(load) ....... Output voltage is constant within 25 to Mil-M-10304B specifications on
MYV for load change from 0 to full metered models.
load or full load to 0 within 50 micro- PHYSICAL DATA:
seconds of application, Mounting ............ Standard 19” sack mounting.
Remote Programming ....50 ohms/volt constant over entire Size ........ LE101,LE 105, LE109 3%"Hx19"Wx16” D
VLD b, LE102 . ........... 514"Hx19"Wx16” D
Ripple and Noise . ....... Less than 0.5 millivolt rms. LE103 ........... . 7" Hx19"Wx16%" D
Temperature Coefficient ..Less than 0.015%/°C, LE104 ............. 102" Hx 19" W x 162" D

SEND FOR COMPLETE DATA ON LE SERIES

LA_MBDA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD « HUNTINGTON, L.I, NEW YORK + 516 MYRTLE 4-4200

Western Regional Office: 230 North Lake Avenue, Pasadena, California e Phone: Code 213, MUrray 1-2544
New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts » Phone: Code 617, HUntley 5-7122
Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L.l.,, New York ® Phone: Code 516, MYrtie 4-4200

Southeastern Region: W. A. Brown & Associates, Inc., Engineering Representatives

A Orlando, Fla.* Fort Lauderdale, Fla. ¢ Huntgvillg Ald# Alexandria, Va. ¢ Winston-Salem, N. C.



Tuesday, January 8
Session III—Millimeter Components

Moderator: L. L. Bertran, FXR, Inc.,
Woodside, N. V.

“TEqw Mode Components in the 3 MM
Region,”™ Naw J. Simmons, TRG Inc., East
Boston, Muass. (hiuvited)

“\ Range of 2 and 1 NMillimetre Wave-
guide Components,™ K. Meredith and G. 11,
Precce, Roval Radar Establislment, Great
Maleern, Worcester, England.

"Resonant Cavity Type Maode Trans-

ducer and Mode Filter for the Circular
1w Mode,™ S, Shimada, Hitachi, Central
Research  Laboratory,  Kokubunji, Tokyo,
Japan.

"\ Simple Grating System for Milli-
meter  and  Submillimeter Wavelength
Separation,™ K. B, Mallory and R. Il
Miller, Stanford University, Stanford, Calif.;
P o Szente,  Institute  Technologico  de
Aeronautica, Sao Paudo, Brasil.

“Design of Some New 1-Band Compo-
nents,” P Wolfert,  Svlvania  Electronic
System-Central, Buffalo, N Y.

“An Automatic Swept-IFrequency Smith
Chart Plotter,™ Ir. F. C. deRonde, Plilips
Researclh Laboratories, Eindhoven, Nether-
lands.

“Magnetic Materials  for
Wave Applications,™ . Rodrique, Sperry
Microwave  Electronics  Company, Clear-
water, Ma. (Invited)

“Millimeter Resonance Isolators Utiliz-
ing Hexagonal Ferrites,” . K. [arrison,
D. K. Taft, and 1. R. Hodges, Jr.. Sperry
Microwave  Electronics  Comipany,  Clear-
water, Fla,

*Development of Gaseous Switching De-
vices at a 3.2-MM Wavelength,™ J. D.
[Woermbke, T M. Nelson, and S, D. Schreyer,
Westinghouse, Baltimore, Md.

"Status Report on International  Mil-
limeter  Waveguide  Flange  Standards, ™
Tore N. Anderson, Budd-Stanley Conipany,
Inc., Syosset, N. V.

Millimeter

Tuesday Afternoon

Session IV—Millimeter Techniques
and Measurements

Moderator: D, D. King, Electronic
Communications, Inc., Timoninm, Md.

“Microwave Tyvpe Bolometer for Sub-
millimeter Wave  Measurements,” /. F.
Byrne and C. F. Cook, Motorola Inc.,
Riverside, Calif.

“A Measurements System for 50-90 Ge, ™
MW Long and J. C. Butterworth, Georgia
Iustitute of Technology, Atlantu, Ga.

"\ Relative  Amplitude  and  Phase
Plotter for Millimeter Wave Fields,™ P,
Wolfert and 1. Schiller, Svlvania Electronic
Svstem-Central, Buffalo, N,V

“A Measurement of Detector Impedance
at Millimeter  and - Submillimeter Wave-
lengths,™ K. B, Mallory and R. 1. Miller,
Stanford University, Stanford, Calif.; P. 1.
Ssente, Institute Technologico de Aeronautica,
Sao Pando, Brasil.

“I"requency Stabilization of a Milli-
meter BWO,™ R, KNopeck, Svlvania  Elec-
tronic System-Central, Buffalo, N, Y.

“\ Frequeney Lock Svstem for Milli-
meter Wave Klvstrons,” /1, 1elting and

1. G Andresen, USAERDL, Fort Mon-
wouth, N. J.
“Detection of  Microwave  Radiation

from the Re-Entry Plasma,” D. Keren,
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RCA, Burlington, Mass.,

“Millimeter  Radar  Techniques  for
Studying Plisma Effcets Associated with
IHypersonic Velocity  Projectiles,” P E.
Robillard, 11. M. Musal and R. 1. Primich,
General Motors Corp., Santa Barbara, Calif.

“Millimeter Wavelength Focussed Probes
and Focussed Resonant Probes for Use in
Studying lonized Wakes behind Hypersonie
Velocity Projectiles,”™ R, 1. Primich and
R. A. Hayami, General Motors Corp., Santa
Barbara, Culif.

"A Narrow-Bandwidth Heterodyne De-
tection System for Millimeter Wave Meas-
urements,” S, OQkamura, 1. Okoshi, and
S Kaweakami, University of Tokyo, Tokyo,
Japan.

“Millimeter  Single-Sideband — Genera-
tors,” W P, Ernst and . Skislak, Prince-
ton University, Princeton, N. J.

“Some Quantum Considerations for Sub-
milimeter and Optical Communications,”
D. P Harris and W. R. Ramsay, Lockheed
Missiles and Space Company, Palo Alto,
Calif.

Tuesday Evening Session

NModerator: To he announced.

This Session will be held open for possible
Russian participation and/or for post dead-
line papers which represent unusual current
interest, major achievements or advances in
the ficld of millimeter and submillimeter
technology.

Wednesday, January 9
Session VA—Millimeter Sources

Moderator: Howard Scharfnan, Spencer
Laboratory, Raytheon Company, Burlington,
Mass

" Conventional  Retlex
Magaetron Short MM
Splenger and G, 11
Research  Laboratories,
lands. (Unvited)

“Magnetic Field Reflex Klvstrons and
I'requency Multipliers for Millimeter Wave
Generation,” E. A, Ash, Standard Tele-
communication  Laboratories Ltd., Harlow,
Essex, England.

“The Generation of igh-Pulsed Power
at Millimeter Wavelengths Using the Ubi-
tron,” K. M. Phillips, General  Electric
Company, Palo Alte, Culif.

"Production of Submillimeter Waves by
Bunched, Relativistie  Electrons,” K. B.
Mallory and R. 11. Miller, Stanford Univer-
sity, Stanford, Calif., P. A. Szente, Tustituto
Technologico de  Aeronautica, Sao  Paulo,
Brazil.

"Bunching of an Electron Beam by
Deflection Modulation,™ J. R, Baird and
. D, Coleman, Ultramicrowave  Group,
Uniwersity of Hlinois, Urbana, 1.

“The Laddertron—A New  Millimeter
Wave Power Oscillator,” K. Fujisuwa,
Osaka University, Tovonaka, Osaka, Japan.

“New Types of Millimeter Wave Tubes
with Ladder Structures,”™ S, Aoi, S, Naka-

Kivstron  and
Waves,” Th [
Plantina,  Phillips
Eindhaven, Nether-

ditma, Y. drai and R. Higashi, Oki Electric

Industry Lid.,
(Invited)

“T'wo Classes of Interaction Circuits for
Millimeter Wave Generation and Amplifica-
von,” D. C. Buck, Westinghouse, Elmira,
AYES

“A Racetrack Microtron for Millimeter
and Submillimeter Wave Generation,™ /[,
Froclich and E. Brannen, University of

Compuny, Tokyo, Japan,

WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE
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Western Ontario, London, Canada.

“Crossed-Field  Frequeney  NMultiplier
Interaction,” J. B. Thomas, Raytheon Com-
pany, Burlington, Mass.

Wednesday Afternoon
Session VB—Millimeter Sources

Maoderator: Howard Scharfman, Spencer
Laboratories, Raxtheon Comipany, Burtington,
Mass.

“Cerenkov Radiation in Anisotropic IFer-
rites,” F. J. Rosenbaum and P. D. Coleman,
Ultramicrowave Group, University of  1li-
nois, Urbana, 1.

“A-Watt CW-Backward Wave Oscil-
lator for the 50-75 Ge Band,™ R, 1" Schu-
macher,  Varlaun  Associutes, Palo  .1lto,
Culif.

“Wide Tuning Range Swept Oscillaton
Sources for 48-110 Ge,” J. .1, Noland,
1. R. Day, and L. Sandstrom, Sperry
Rand Corp., Gainesville, Fla.

Session VI—Millimeter Masers

Moderator: Frank S. Barnes,
sitv of Colorado, Boulder, Colo.

“Extension of the Laser-Pumped Ruby
Maser to Millimeter Wavelengths,™ D, [,
Devor, Hughes Rescarch Laboratories, Malibu,
Calif. (Invited)

“Multiple Quantum  Effects at Milli-
meter Wavelengths,” R. 1. Pantell and
R. G Swmith, Stunford University, Stanford,
Calif. (Invited)

"Stimulated Emission in the Submilli-
meter Region,™ K. J. Strain and P. D.
Coleman, Ultramicrowave Group, University
of Hlinois, Urbana, 1.

" Packaged Tunable Traveling-\Wave and
a Maser Radiometry for the 8 MM Band,™
F. R Arams, B. Pexton, J. Baris, and J.
Frauceschini, irborne Instriuments  Laho-
ratory, Deer Park, NV,

“Generation of MN-\Waves by Multiple
Quantum Transistions,™ 11, G, Andresen,
UNAERDL, Fort Monmounth, N. J.

"Millimeter Wave Generation by Non-
lincar Quantum Susceptibility,™ D, 7. 1 kitt,
R. J. Strain, and P. D. Colewian, Ulra-
microwave Group, University of IHlinois,
Urbana, 1.

Univer-

Wednesday Evening Banquet

Toustmaster: [l . 1ebber, Director,
Advanced Technology, The Martin Compuny,
Orlando, Fla.

Speaker: . Siple, Scientific Advisor,
UL S, clrmy Research Office, Arlington, Va.

Thursday, January 10

Session VII—-Harmonic Generation and
Detection Techniques

Moderator: J. M, Richardson, National
Burecau of Standards, Boulder, Colo.

*Backward Diodes for Low-Level Milli-
meter Wave Detection,™ . 4. Burrus,
Bell Telephone Laboratories, Holmdel, N. J.
(Invited)

*A Universal Wall-Current Detector,”
Ir. F. CodeRonde, Phillips Rescarch Labora-
tories, Eindhoven, Netherlands.

“Millimeter Wave Harmonie Generators,
Misers and Detectors,” F. L. Wentworth,
J. D. Rodgers, J. W. Dozier, and M. Cohn,
Electranic Conmunications, Ine., Timonium,
Md.

“Harmonic  Generation by Electrou
Beam Virtual Bunching with Sweep Modu-

December, 1962



To Contractors and Subcontractors
on U.S. Government Projects

Western Electric
offers high reliability diodes,
transistors and magnetrons

W Western Electric's Laureldale, Pennsylvania, plant is now in its tenth year of
producing semiconductor devices of ultra-high quality and reliability for government
applications.

W Devices designed by a resident Bell Telephone Laboratories group have performance
standards exceeding specification requirements which are based on MIL-S-195008B.

W Mechanized production facilities and a comprehensive statistical quality control
program assure uniformity and contribute to obtaining ultimate process capabilities.

®m For further information on Western Electric-Laureldale electron devices and
magnetrons . ..

Telephone — Area Code 215 — 929-5811

LAURELDALE PLANT

MAKER OF ELECTRON PRODUCTS

PROCEEDINGS OF THE IRE December, 1962 27A



lation,” G. T. Flesher, General
Corp., Santa Barbara, Calif.

“Harmonic Generation and  Detection
Theory with Field Emission Cathodes,”
G. T, Flesher, General Motors Corp., Santa
Barbara, Calif.; E. Brawnen, University of
Western Ontario, London, Canada

“An  In-Line  Harmonic  Generator,”
.G Wessel, University of Colorado, Boulder,
Colo.: R. J. Strain, University of [llinois,
Urbana, 1.

Motors

Session VIII—Millimeter Receivers—
Radiometry—Propagation

Moderator: . 1. Richter, RC.1,
lington, Mass.

“Superheterodyne Radiometers for Use
at 70 Ge and 140 Ge" R Meredith, F. L.
Warner, Royal Radar Establishment, Great
Malvern, Worcester, Eneland. (Inviteed)

“High Sensitivity 100 1o 300 Ge Radio-
M. Colin, F. L. Wentworth, and J. C.
Wiltse, Electronic  Communications, Inc.,
Timoninwm, Md. (Invited)

Bur-

“Radiometry in the Submillimeter Re-
gion,” R. A, Williams and W. 8. C. Chang,
Ohio State University, Columbus, Ohio.

“ITactors Affecting Earth-Satellite Milli-
meter Wavelength Communications,™ 4. W,
Straiton and C. 1. Tolbert, University of
Texas, Austin, Tex. (Invited)

*\ Submillimeter Superheterodyne Re-
ceiver,” J. Cotten, Electronic Conmmunica-
tions, Inc., Timoniwm, Md.

Thursday Afternoon

Session IX—Millimeter Spectroscopy
and Resonance Phenomena

Moderator: G Ieller, MIT
Laboratory, Lexington, Mass.

“Recent Millimeter Wave LExperiments
in Solids,” G. Heller, MIT Lincoln Labara-
tory, Lexington, Mass. (Invited)

“A Submillimeter Interference Speetrom-
eter” W K. Rivers, Jr. and M. S. Spicl,
Georgia Institute of Technology, Atlanta, Ga.

Lincoln

“Spectroscopic Techniques in the Milli-
meter Region,”™ J. J. Gallagher, Martin
Company, Orlando, Fla.

Session X—Open Discussions

Moderator: Benjamin Lax, MIT Lin-
coln Laboratory, Lexington, Mass.

Panel: M. W. P, Strandberg, MIT,
Department of Physics, Cambridge, Mass.,
11, Mots, Oxford University, Oxford, Eng-
land; W. P, Ayres, Melabs, Palo  Alto,
Calif.: C. B. Wharton, General Dynanmics
Corp., San Diego, Culif.

The papers presented at this Conference
will encompass a wide variety of new ideas
on millimeter wave generation, applications,
and techniques. This sesston will he open
for further discussion of these ideas and for
a general exchange of information on milli-
meter topics. In o addition, the following
topics will be open for discussion: Applica-
tion of High Magnetic Fields to Millimeter
Problems; Millimeter Pulse Work; Future
Trends in Millimeter and  Submillimeter
Technology.

9th National Symposium on Reliability

and Quality Control

SHERATON-PALACE HoTEL, SAN FFraxcisco, Cantr, JaNvary 22-24, 1963

The Ninth National Symposium on Re-
liability and Quality Control, sponsored by
the 1RE Professional Group on Reliability
and Quality Control, ATEL, ASQC, and
EIA, will be held at the Sheraton-Palace
Hotel, San Francisco, Calif., on January
2224, 1903, The program of the Syimposium
is as follows:

Tuesday, January 22

Session 1—Keynote Address and
Panel Response

“Current Management Reliability: Ob-
jectives,” Lysle . Wood, Vice President,
General  Manager, Bocing Aero-Space Divi-
sion.

PPanel Response

Moderator: J. M. Bridges,
Office of Electronics, ODDREE.

Director,

Session 2A—General Management

Moderator: L. W, Ball, Bocing, Acro-
Space Division.

“The Management and Engineering J\p-
proach to Product Quality,™ A, V. Feigen-
banm, General Electric Company.

“System Worth and  Incentive  Con-
wracts,” W, C. Fredrick, A RINC Rescarch
Corporation.

“Ineentive Contracts and
surance,” 5. F.
pany.

“The Role of the Buyer in Reliability,”
R. T Dewey, Bocing, Aero-Space Division.

Product As-
Dertinger, Raytheon Com-

28A WHEN WRITING

Session 2B—Research and Training

Moderator: E. J. Nucci, Office of Engi-
neering Management, ODDREE.
“IFuture Needs in Research and “'rain-

ing,” M. M. Tall. Radio Corporation of
America.
“Reliability Physies (The Physies of

Failure),”™ D. R. Earles, A VCO Corpora-
tion and Mary F. Eddins, A VCO Corpora-
tion.

sSystems Reliability Engineering Grad-
uate Program,”™ T L. Regulinski, Wright-
Patterson  AFB, Adir Force [Institute of
Technology.

“\ Proposal Curriculum for Reliability
Engineering,” /1. C. Jones, University of
Maryland.

Tuesday Afternoon
Session 3A—Program Management

Moderator: R, G, Gibson, Lockheed Mis-
siles and Space Company.

“Military Customers Management  of
Quality Control and Reliability Programs,”
Comdr. R. W. Swmiley, Bureau of Naval
IVeapons.

“Parts  Oriented  Reliability Program
Problems,” C. 8. Barthelomew, The Boeing
Company.

“Reliability-—Smalt - Companies—Space
Subsystems,” M. D. Johnson, Santa Barbara
Rescarch Center.

“The Computer Reliability
I. R, Whiteman, C-E-I-R, Inc.

Report,”

TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Session 3B—Systems Analysis

Moderator: L. S. Gephart,  Lockheed
Missiles and Space Company.

“The Reliability of Repairable Systems,”
(. Nagy, Goodyear :dircraft Corporation.

“An Easy Design Method of Having
Highest Svstems Reliability,™ M. Sasaki,
Defense Academy, Japan.

*A Realistic Measure of Spacecraft Re-
liability, . R. Grainger, W. E. Faragher,
and L. L. Philipson, Planning Rescarch
Corporation.

“Bureau of Ships Maintainability Speci-
fication,” Jucob Sacks and Gerald Margulies,
Bureau of Ships, Navy Departinent.

Wednesday, January 23
Session 4A—Electronic Parts

Moderator: Herbert E. Morrison, Litton
Svystems, Inc.

“Building Blocks of Reliable Circuits
and Systems,” Donald J. Hamman, Battelle
Memorial Institute.

“Component  Parts  Reliability  Pro-
grams at USASRDIL,™ J. . Gruol, U, S.
Army  Signal  Research and  Development

Laboratory, Fort Monmouth, N. J.

“The Development of a Selective Deg-
radation Screen for Detecting Potentially
Unreliable Silicon “Transistors,” :Albert Fox
and C. H. Zierdt, Jr., General Electric
Conipany.

“Separation  of

Accelerated  Failure

December, 1962
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Sweep audio frequencies

high-Q filters,

tape recorders.

Ultra-stable narrow
frequency sweeps

20 cps to 200 ke.

200 cps to 200 ke in

single frequency sweep.

Both linear and
logarithmic sweeps plus

manual sweep control,

Built-in audio detector.

Fixed and variable pulse

type markers.

20 CPS TO 200 KC
ULTRA STABLE ““AUDIO"
SWEEPING OSCILLATOR

KAY

Sona-Sweep mooe m

141-C

New Alignment Technique
The Sona-Sweep Model M adapts the ac-
cepted techniques of r-f swept frequency
alignment to audio and ultrasonic (e.g., tape
recorder) bandpass measurements and ad-
justments, In addition, the highly stable
response curve developed by the Model M
and the parallel display provided by its man-
ual control, give easier, more accurate checks
of high Q filters and sharp slope devices.

Detecting At Audio

A major disadvantage of previous sweeping
oscillator techniques for use at audio fre-
quencies has been the difficulty of obtaining
a clean envelope response. Usually, no single
audio frequency detector covers the octaves
of the full audio range. Often, too, the large
bypassing necessary slows down detector re-
sponse so as to make it inaccurate for
changing (swept) conditions. To eliminate
this difficulty, a synchronous detector has
been provided, giving adequate bypassing
down to about 200 cps.

Single Trace With Markers

A clean, detected envelope of audio frequency
bandpass characteristics clearly defines am-
plitude vs frequency. The increase in trace
intensity provided by the detected signal
(rather than by a diffused a-f pattern)
makes it much easier to view the response
characteristics and to monitor any adjust-
ments of the circuit under test. The sharp
pulse type markers provided by the Model M
precisely and clearly define critical points
along the trace.

Model M — A Complete System
The Model M provides a complete measure-
ment system, including —logarithmic, linear

and manual sweeps, or a calibrated c-w sig-
nal; sharp, “crystal,” pulse type frequency
markers and precision step attenuator.

Variable Center Frequencies

The Model M is a double heterodyne sweep
generator employing three crystal controlled
nscillators. Either linear or log sweeps are
available with center frequencies continu-
ously variable between 20 cps and 200 kc.
The swept output is blanked during retrace
time, providing a zero-voltage base line. To
eliminate phasing adjustments, a sawtooth
voltage, synchronized with the swept output,
is available to drive the X-axis of the scope.

Varied Sweep Rates

For checking high-Q circuits and low fre-
quency response characteristics, variable rep
rates down to 0.2 cps are available. This
wide choice of rep rates, continuous to 25
cycles, plus a 30 cycle lock, permits selection
of the optimum rep rate which gives an
accurate response display of the circuit
being tested, plus ease of viewing on the
scope screen.

Varied Sweep Widths

Sweep widths are continuously variable from
20 cps to 200 ke. In each of three steps —
2 ke, 20 ke, 200 ke — new modulating circuits
are switched in to provide maximum sta-
bility in each range.

Legarithmic Sweeps
A nominally logarithmic sweep, most useful
for studying audio and video low pass cir-
cuits, provides an expanded view of the low
frequency end, while showing overall fre-
quency characteristics.

Manual Sweep

A manually controlled swept output provides
a means of varying cw signal in synch with
the oscilloscope display. The manual control
covers the same frequency range to which
the Model M is set for electronic sweeping.
It can be used to examine response charac-
teristics in detail, or in response to cw and
near cw conditions. When the Sona-Sweep is
used with an electronic counter and accurate
voltmeter, it can perform all the checks
where cw is preferred. In addition, it can
utilize the counter and its scope synchroniza-
tion feature to frequency calibrate the oscil-
loscope display.

High Level Output

The Model M delivers a high level output of
5 volts rms into 600 ohms over the entire
frequency range. The built-in, precision step
attenuator provides up to 59 db of attenua-
tion in discrete steps. An additional 6 db of
variable attenuation is provided. Output is
flat within -+ 0.5 db.

SPECIFICATIONS

Center Frequency Range: 20 cps to 200 ke.
Continuously variable.

Sweep Width — Three ranges: 20 cycles to
2 ke., 200 cycles to 20 ke., 200 cycles to 200 ke.

Sweep Output And Repetition Rates:
Sawtooth for horizontal deflection of scope
trace, Low impedance output, approx. 3 V pp.
a. Fixed at 30 cps in Line-Lock mode.
b. Variable 0.2 to 25 ¢ps for logarithmic
sweep.
¢. Three continuously variable linear
ranges: 0.2 ¢ps to 1 ¢ps, 1 ¢ps to 5 c¢ps,
5 ¢cps to 25 ¢ps.
Output Level: 5 volts rms into 600 ohms.
Flatness: +0.5 db over widest sweep.
Markers: (Optional): Ten crystal pulse type
markers, positioned at customer specified fre-
quencies; e.g., 200 cycles, 500 cycles, 1 ke,
2 ke, 5 ke, 20 ke, 50 ke, 100 ke and 200 ke.
Markers designated for use at wide sweep
(200 ke¢) are not applicable to other sweep
widths. Specify whether for wide (200 kc) or
narrow (less than 20 k).
Calibrated CW Output: 20 cps to 200 ke.
Built-in Attenuator: Switchable steps, 3
db, 6 db, 10 db, 20 db, 20 db, plus 6 db
variable.
Power Supply: Input approximately 220
watts, 117 volts (=10%), 60 cps B+ electron-
ically regulated.
Dimensions: 19%"” x 10%" x 16%".
Price:
$1295.00f.0.b. factory $1425.00f.a.5s.N.Y,
$17.00 ea. for markers $19.00 ea. for markers

Weight: 57 Ibs.

KKAY ELECTRIC COMPANY

Dept. 1-12 ® MAPLE AVE., PINE BROOK, MORRIS COUNTY, N. J. e CApital 6-4000



Modes in Semiconductors, 17, D, Rowe,

Svlvania Electronic Systems.

Session 4B—Fabrication and Assembly

Moderator: D. A, Hill, Hughes Aircraft
Company.

“The Impact of Reliability of Manu-
facturing,” J. Ferubach, International Busi-
ness Machines.

“Human Reliability Production Audit-
e, D, Meister, General Dynamies/ Astro-
naultics.

“Analysis of In-Plant Component Fail-
ure,” R. P. Caldarone, Mary Lou Wolf, and
J. W Dsimianski, Westinghouse Electric
Corporation.

*Criteria for Solder Joints- Metallurgi-
cal Completeness,™ J. D, Keller, Martin
Marietta Corporation.

Wednesday Afternoon
Session SA—Electronic Parts
Moderator: Clifford C. Peterson, Motor-

ola, Inc., Western Military  Electronics
Center,

“Life  Performance  Observations  on
Corning  Oxide Resistors,”™  Lawrence D,

Hines, Corning Glass Works.

“Reliability of Printed Wiring Cordwood
Modules,” Thowmas S. Gore, Jr. and Wel-
don V. Lane, U. S, Army Signal Rescarch
and  Developinent  Laboratory,  Fort Mon-
mouth, N. J.

“IFathure Analysis of Potted Electronic
Modules,™ Burton S. Levin, Re-Entry Sys-
tems Department, General Electric Company.

“Siufeguarding Dense Electronie Pack-
ages  from Human  Error,™  Dr. Melvin
Freitag and 1, G, Frankland, Ryan [lec-
tronics/Ryan Acronautical Company.

Session SB—Inspection and Screening

Moderator: 115 X Bendiy
Pacific Corporation.

“Manufacturing  Reliability,” 5. L.
Lubelsky, Lockheed Missiles and Space Com-
pany.

“Infrared  Techniques  Enhance  lec-
tronte Reliability,” Ricardo Vansetti, Ray-
theon Company.

“Sequential ‘Three-\Way Classification of
Lot Quality,™ J. 1. Lecher and H. Ginshurg,
Westinghouse Rescarch Laboratories.

“Weibull Tables for Bio-Assayving and

Lamb,
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Fatigue T'esting,” I, P. Goode, and John
H. K. Kao, Cornell University.

Session SC—Statistics

Moderator: J. T. Koppenhaver, N.15.1.

“Using Transfer Functions in - Relia-
bility Prediction,” 1. Bosinoff, Sxlvania
Electronic Systems.

“Exact Truncated Sequential Tests,”
L. A, Aroian, Reliability  Staff, Space
Technology Laboratories.

“Monte Carlo: Reliability Tool for De-
sign Engineers,” F. [flarris and J. Myers,
Aerospace Division, Hughes Aircraft Com-

pany.

“Reliability  Maodels in Space Systems
Planning  and  Decision-NMaking,” 6. 1.
Sandler, Major Systems Division, Radio

Corporation of America.

Thursday, January 24
Session 6A—Design Review

Moderator: £, F. King, University of
California, Los Angles.

“Effective Design Review Ndministra-
tion,™ J. Y. McClure, General Dynamics
Corporation.

“Component Part Failire Rate Curve
Cousiderations,” Daniel A. Adawms, Inter-
national Business Machines Corporation.

“Reliability  Assurance  for  Custom
Testers,” B. O. Allew and W W Westman,
Sandia Corporation.

“Reliability Evaluations by Computer
Simulation,”™ £, Veitsch and G. Ashendorf,
Radio Corporation of America.

Session 6B—Quality Assurance

Moderator: /. Condon, N:AS.1.

“Tow to Select Optimum Burn-in Dura-
tion for Parts,” R. I, Norris, General Elec-
tric Company.

“Case History— Quality Engincering in
Action,”  E. 1. Niclsen, Minneapolis-
Honeywell Regudator Company.

“Reliability Takes Part in a Vendor
Rating Program,” L. G. Rado, Cannon
Eleetric Company.

“Some Pitfalls of the Weibull Distribu-
tion,” Paul Gottfried and 1I. R. Roberts,
Boos-:Allen.

Session 6C—Mechanical Aspects of
Electronic Design

Moderator: John de S, Coutinho, Grion-

World Radio Histo

man Aircraft Engineering Corporation,

“System Design - for Reliability,”
Henry F. Kalzenstein, Solid State Radia-
tions, Inc.

“Design,  Reliability  and  Conumercial
Automatic Pilots,” R. 1. Wagner, Sperry
LPhoeniy Company.

“Environmental Chamber System Engi-
neering,” <1, R. Saltsman, U. S, Saltsman,
U, S. Naval lir Development Center.

“Process Control and Reliability,” Wal-
ter 1. Friedlander, Collins Radio Company.

Thursday Afternoon
Session 7A—Design Testing

Moderator: 177,
tion.

“Reliable Systems Versus  Auntomatic
Testing,” Man D. Swain, Sandia Corpora-
tion.

*Sequential Testing of Electronics Sys-
tems,” 1. K. Mikhail and J. 1. Bailey,
International Business Machines Corpora-
tion.

"\ Controlled  Study of  Automated
Testing Techniques,” Philip R. Overly and
Dewey C. King, A RINC Research Corpora-
tion.

“Limitations of Plans Designed to Dem-
onstrate Minimum Life with [ligh Confi-
dence, Benjamin Epstein, Consultant, Palo
o, Calif., and Andrew C. Gorski, Auto-
netics Division, North Awmerican Aviation,
Inc.

Cox, Northrop Corpora-

Session 7B—Maintenance and Operation

Moderator: F. L. Aukenbrandt, Brig.
Gen., USAF (Ret) Radio Corporation of
America.

*Relationship of Apollo Program  Re-
liability to an Integrated System Checkout
Plan,” James E. Sloan, NAS5.1.

“Reliability Approach  to  the Spare
Parts Problem,™ G, I, Ebel and Andrew J.
Lang, Fairchild Camera and  Instrument
Corporation.

“On the Proper  Preventive Mainte-
nance,” I . Cho, Laboratory for [Elec-
tronics, Ine.

A Practical Approach  to  Maintain-
abilivy Prediction,” 6. 1% Harrison, Jr.,
ARINC Research Corporation.

*\ Procedure for System Maintain-
ability Testing,” B. L. Retterer and R. A,
Miles, RC: Service Company.

December, 1962



Higher Performance Standards With
Improved Reliabilify...Tung_So|
compactrons provide several ad-
vantages that can contribute to
lower costs and improved per-
formance. For example, the in-
creased number of pins permit
greater heat dissipation. As a re-
sult, compactrons run cooler with
higher reliability than conven-
tional tubes. The exhaust tubula-
tion is situated between the pins
so that broken tips rarely occur.
This also permits the use of top

caps for very high voltage de-
signs. In addition, the compactron
design readily lends itself to com-
bining multiple tube elements
within a single envelope.
Compactrons require less
space on the chassis or printed
circuit boards, less height than
conventional tubes, less air cool-
ing volume per function. More
space between pins improves
element isolation, allows higher
voltage ratings, simplifies printed
circuit and chassis design.

[T

(_’A &

Tung-Sol compactrons are
available in production volume for
numerous circuit requirements,
including radio, tv, hi-fi and
stereo, controls and instrumenta-
tion equipment. Write for Tung-
Sol compactron data file which
includes the following types:
6AX3, 6GE5, 6Q11, 12AX3,
12GES5, 8149, 8150 and 1AJ2.
Other types will soon be avail-
able and special designs will be
considered. Tung-Sol Electric
Inc.. Newark 4, N.J. TWX: NK193,

¢ TUNG-SOL



accurate
amplification
of low-level
signals from

DC to
beyond 200 kc?

2
Just use a KIN TEL
121A/A solid-state
DC Amplifier

The KINTEL 121A/A is a non-inverting amplifier
with response from DC to beyond 200 kc. It
has fixed gains of 0, +1, +10, +20, +30,
+50, +100, +200, +300, +500, and + 1000,
and a control that adjusts any fixed gain from
X1 to X2.2. Amplification is stable within
0.01%, accurate within 0.1% for all gains
other than +1 (0.2% accuracy at +1), linear
within 0.005% for outputs up to =15 volts
DC with loads of 200 ohms or more. [nput
impedance is greater than 10 megohms (less
than 500 pf to 50 kc); output impedance is
less than 0.3 ohm and 50 uh. Frequency re-
sponse is flat within 0.25% to 2 ke, within
4% to 10 kc, within 3 db to 200 kc. Drift is
less than +=2.0 uv equivalent input for over
40 hours at +1000 gain. Equivalent input
noise at +1000 gain is 3 uv peak-to-peak in a
20-cps band, 3 uv RMS in a 50-kc band. Output
capability is =15 volts into 200 ohms, =+ 100
ma into 10 to 100 ohms. Amplifier fits standard
KIN TEL cabinets and modules. Price $1000.

Representatives in all major cities

]

|

ELECTRONICS.INC

KIN TEL DIVISION

5725 Keorny Villo Rocd, Son Diego 12, Colif.
Phone 277-6700 (Area Code 714)
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Engineering Notes*

PeTiTioNn to IFCC ror
CnanyNeLs 14 axo 15

The Federal Communications Commis-
sion will be asked today to assign ultra
high frequencey television channels 14 and
13 to two-way, land mobile radio services
to relieve frequency congestion “seriously
impairing”  communications  of  public
safety agencies, health services, and in-
dustry.

The request will be made in a petition
to be tiled with the FCC exclusively by
the Land Mobile Communications Section
of the Electronic Industries Association.

TV viewers on channels t4 and 15, the
petition emphasized, would be protected
against interference by forbidding mobile
svstems to operate within the coverage
arca of exising channel 14 or 15 television
stations.

“Many of the individual radio services
within the Safety and Special Services
group are presently  suffering  highly
crowded conditions that have required
stacking 2030 users on the same fre-
quency in the same area, seriously im-
pairing the effective use of their land mo
bile radio communications,” the petition
declared.

William . Weisz, ELY Land Mobile
Section Chairman and Viece President of
the Communications Division of Motorola
Inc., said the most seriously affected area
of the country is Los Angeles where as
many as 30 systems are packed into the
same frequencey.

“Many communities, moreover, cannot
set up needed additional public safety
radio systems without prohibitively sae-
rificing communications efficiencies,” Mr.
Weisz said. “Lack of frequencies is seri-
ously hampering police and tire depart-
ments, emergency services, highway main-
tenance and other local government opera-
tions, transportation, and essential busi-
ness and industrial communications.”

Channels 14 and 15, the petition
pointed out, “are presently being very
sparsely used in the United States, with
ouly three stations in operation on Chan-
nel 14 and five in operation on Channel
15.7

ASSOCIATION ACTIVITIES

EIA’s brochure to interest and guide
high school and first-year college students
in taking advantage of career opportuni-
ties in the electronics industry is expected
to be available for distribution in about
two weeks, Educational Coordinat-
ing Committee Chairman Ben Edelman
(Western Electric Co.) said last week. Mr.

* The data on which these Noiks are based were
selected by permission from [Weekly Reports, issues
of October t, 8, 15, and 22, 1962, published by the
LElectronic Industries \ssociation, whose helpfulness
is gratefully acknowledged.

Edelman said the brochure, printed in
three colors, “dramatically highlights a
history of accomplishment in electronics
and pictures an array of opportunitics for
carcer fullillment in our industry,” A ke
section, he pointed out, will tell students
what they should do to prepare them-
selves for carcers ranging from  skilled
clectronics plant worker to administrator
or scientist. Distribution plans are being
worked out with national organizations of
educators and arrangements will he made
for EIA member-companies to make copies
available to schools in their area, Mr. Edel-
man said. Single copies will be sent without
charge from EIA to school administrators,
guidance counsellors, and  science and
mathematics teachers. Bulk orders from
schools will be Qlled at a special price, he
said, and  member-companies  will - be
offered the publication, in quantity, at a
charge which will only partially recapture
printing costs. The brochure, “Electronices

Your Chance To Shape the Future,”
was prepared under the supervision of the
Educational Coordinating Committee in
cooperation with the IRE.

GOVERNMENTAL AND LEGISLATIVE

Dissemination of scientific and tech-
nical information generated by Govern-
ment agencies has become a national
problem and can no longer be handled on
an agency-by-agency basis, according to
Dr. Jerome B. Wiesner, Director of the
Office of Science and Technology. More
than 35 Government  departments and
agencies carry on scientihie and technical
information activities and cach must tailor
its information system to its mission under
separate legislative authority, Dr. Wies-
ner told the Senate Reorganization Sub-
committee at hearings on shortcomings in
dissemination of information. He called for
an  interlocking  system of  ageney in
formation activities overseen by the FFed-
eral Council for Science and  Technology
and operating under poliey guidance of the
Office of Science and Technology. Deputy
Defense  Sceretary Roswell  Gilpatrick
acknowledged a deficieney in technical in
formation assistance in the Defense De-
partment and recommended that a single
director be established to handle informa-
tion collection and  dissemination.  He
pointed out, however, that the key issue
is the relative value of a centrally con-
trolled information center. Referring to
the Gilpatrick recommendation, Subcom-
mittee Chairman Hubert Humphrey (D,
Minn,) said he would urge DOD to con-
sult key committees of Congress on the
establishment of “something like a defense
information agency.” With a centralized
ageney, he said, the Pentagon will remain
“choked with data it cannot digest.”

(Continued on page 33.-1)
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Allen-Bradley Hot Molded
Resistors prove their
complete reliability

n th_ bfg/ lant‘ succgss of Telstar

L

b

Type TR 1/10 Watt

Type CB 1/4 watt

Type £B8 1/2 Watt
Type GB 1 Watt m'
Type HB 2 watts '3}

ALLEN BRADLEY HOT MOLDED RESISTORS ARE AVAILABLE
IN ALL STANDAROD EIA RESISTANGE VALUELS AND TOLERANCES

Allen Bradiey Co., 22 W. Greenfield Ave., Milwaukee 4, Wis. - 1t Canada: Allen-Bracley Canadz Ltd., Galt, Ontaric

_ ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

- A

..b

m [n their Litest engineering achieve-
ment, the Telstar satellite, Bell Tele-
phone Laboratories took a bold new
desigen  approach  that emphasized
hich
nents with virtually total climination

the use of reliability compo-

of redundancy. All apparatus pack-
aces for Telsar were built “in-house™
by Bell Labs, and shey were carefully
desiened and tested for lone life
Thus, use of A-B CB
(!4 watii and Type EB (15 watt

1he I'vpe
hot molded resistors for this impor-
tant project elearly acknowledees their
ability o meet the most severe oper-
aune conditons.

Allen-Bradley resistors are made
by a unique hot molding process-
developed and used exclusively by
A-B—which assures such uniform and
stable characteristies that their per-
formance is accurately prediciable in
service ... and they are completely
free from catastrophic failures,

You can obtain this same outstand-
ing performance only when vou in-
full
A-B

quality clcctronic components, please

sist on A-B fixed resisiors. Ior

details on the complete line of

write for Publication 6024, today.
The satellite Telstar was desigred and built
by American Telephone & Teiegraph Co.'s
Beil Telephone Laboratories, and AT&T paid
for the cost of launching by NASA.
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HOT MOLDED POTENTIOMETERS
« TYPE J AND TYPE K

FERRITES AND
CERAMIC MAGNETS

H FEED-THRU AND STAND OFF
* CAPACITORS

G.

e -
> '}
J

o
Ay
™y

B HERMETICALLY
* SEALED RESISTORS

me
-

A EXCLUSIVE HOT MOLDED RESIS-
ToRs are conservatively rated.
Stable and uniform characteris-
tics assure superior perform-
ance. No known instance of cat-
astrophic failure. Rated 1/10,
1/4,1/2, 1, and 2 watts at 70°C.
Values to 22 meg. Toi:=5, 10,
and 20%.

E. HOT MOLDED SOLID RESISTORS,
hermetically sealed in ceramic
tubes, remain stable. Rated 1/8,
1/3, and 1 watt, Res. to 22 meg.

€ PRECISION RESISTORS — Metal
Grid Construction. Non-induc-
tive. Tol:=0.1, 0.25, 0.5, and
1.0%. TC+25 PPM/°C. Rated
1/4,1/2, and 1 watt at 100°C.

D AOJUSTABLE FIXEO RESISTORS.
Resistance element and termi-
nals hot molded into integral

D ADJUSTABLE
* FIXED RESISTORS

unit with insulated mounting
base. Stepless adjustment. Non-
inductive. Remains fixed in
‘'set’’ position. Watertight.
Rated 1/4 watt at 70°C. Values
to 2.5 meg. Tol: =10 and 20%

E  TYPE J POTENTIOMETERS. Solid,
hot molded resistance element.
Smooth, quiet control which im-
proves with long life. Compact.
Rated 2.25 watts at 70°C. Val-
ues to 5 meg.

TYPE K POTENTIOMETERS, Same as
tre above but rated 1 watt at
125°C; 2 watts at 100°C; and 3
watts at 70°C.

F YYPE G POTENTIOMETERS are
miniature controls with solid
molded resistance element.Only
15" diam. Smooth control—also
improves with age. Rated %

watt at 70°C. Values to 5 meg.

ALLEN-BRADLEY

F HOT MOLDED POTENTIOMETERS
TYPE G AND TYPE L

TYPE L POTENTIOMETERS are simi-
lar to Type G but rated %2 watt at
100°C. Can be used up to 150°C
with reduced *'load."

€ FERRITES in a wide range of
‘‘items,'" such as flared rings,
quarter rounds, Ucores, Ecores,
cup cores, toroids, etc., can be
supplied for a very large variety
of applications. Consistently uni-
form magnetic characteristics.
Contact us for complete infor-
mation on A-B ceramic perma-
nent magnets having a high
energy-to-weight ratio.

' FEEO-THRU ANO STANO-OFF CAPAC-
1Tors. Discoidal design elimi-
nates all parallel resonance ef-
fects at 1000 Mcps and less.
Standard values 470 mmf=+20%
and 1000 mmf GMV. Special

World Radio Histo

i HIGH FREQUENCY
LOW-PASS FILTERS

d HIGH TEMPERATURE
* CAPACITORS

They're all A-B quality...your assurance of
utmost reliability and peak performance

values from 6.8 mmf to 1500
mmf. Rated to 500 v DC max.

| HIGH FREQUENCY LOW-PASS FIL.
Ters for eliminating undesired
radiation in the range from 100
to 8000 Mcps. Effective filtering
actually increases with fre-
quency over a wide band. Atten-
uation to 75 db and more. Ra-
tings to 500 v, and to 5 amp DC
or low frequency AC current.

J HIGH TEMPERATURE CAPACITORS,
Ceramic disc type—encapsula-
ted in ceramic case—for use
where reliability and superior
performance are important. For
continuous operation at 500 v
in 150°C ambient. Values from
2.2 to 3300 mmf, Tol:=5, 10,
and 20%.
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. BALLANTINE VOLTMETER
QIL Industrial model g

Engineering Notes P T
' 305A

. Price $415.

(Cout.nned from page 32.4)

Budget Bureau Director David Bell, re-
viewing his ageney’s plans to ease the in-
formation problem, said he would encourage
the use of computers to handle the infor-
mation “explosion.” "They would be used.
he said. for both collection and inter-
change of data. (IZditor’s Note: During his
testimony, Dr. Wiesner summarized the
information tasks ot Federal agencies. A
limited number of copics of the summary
is available from the Marketing Services
Department, EIA Headquarters.) Presi-
dent Kennedy last week named 13 top-
level business, professional, and labor
figures as incorporators of the company to
own and operate the nation’s space com-
munications satellite system. The group
will set up the corporate framework of the
multi-million-dollar firm, arrange for stock
offerings, and serve as the Communica-
tions Satellite Corporation’s board of di-
rectors until it appoints a4 permanent
board. The Comumunications Satellite
Act, passed by Congress and signed by
the President August 31, provides that the
corporation shall be owned hall by the
public and hall by communications ear-
riers. The protit-making tirm will be regu-
lated by exist'ng Government communici-

tions rulings. No representatives of the
clectronics or communications industries
were named to the group. The appointees,

who must be confirmed by the Senate

were: Fdgar 'L Kaiser (Kaiser Tndustries);
David M. Kennedy (Board Chairman

Chicago’s National Bank and Trust Co.);

Philip L. Graham (Publisher, Washington

(. C) Post’; Sidney Weinberg (director OR PEAK_TO = PEAK PULSES
of several companies including Continental

Ca  Co., General Electrie Co., Ford Mo-

tor Co., B. I'. Goodrich Co., and Van

Raalte Co.); Bruce G. Sundlun (partner s

in Washington lfaw firm of Amram, Hahn .

& Sundlan); Byrne L. Litschgi (partner in

Tampa law firm of Coles, Himpes & t l l 5 I
Lilsx‘lhgi); and Beardsley Graham (Presi- AL a pu Se rates as OW as pps s o e VO tages
dent, Spindletop  Rescarch Ine.). Also, f 1 V 1000 V

Leonard  Woodcock  (Viee  President, 0 m to

United Automboile, Aircraft and Agricul-

tral Workers of America): Sam Harris Also measures COMPLEX WAVEFORMS having fundaniental

(with New York klw firm of Strassuer, . .
Spicgelberg, Fried & Frank); George J. of 5 cps to 500 ke with harmonics to 2 Mec.

e T TR e ACCURACY is 2% to 5% OF INDICATED VOLTAGE, de-
Masten Co., Ine., and engaged in private . g

law practice in Boston, Washington, amnd pending upon waveform and frequency.

New York); Leonard E. Marks (partner . . . .
in T firm of Cobn and Marks in Washe SCALE is the usual Ballantine log-voltage and linear db, indi-
ington); John T. Comnor  (President, vidually hand-calibrated for optimum precision.

Merck & Cou:oand George 1. Killion

(President, American  President  Lines). INPUT lMPEDANCE is 2 meg, shunted by 10 pF to 25 pF.
T'he Federal Communications Commission ’
already has establ'shed a new Office of
Satellite Communications in its Common
Carrier Bureau to handle regulatory func- - 5ince 1932 =

tions of space cormmunications common D ‘

carriers. A second round of tests of tele- ) BALLANTINE LABORATOR'ES lNc
vision-for-a-fee transmissions was author- L ¢
ized for Denver by the Federal Com- J Boonton, New Jersey

munications Commission last week. ['he
ek. “The CHECK WITH BALLAN“INE FIRST FOR LABORATORY AC VACUJM TUBE VOLTMETERS, PEGARDLESS OF YOUR REQUIREMENTS FOR

Werite for brochure giving many more details

FCC grante] the Gotham Broadcasting AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH AODITIONS EACH YEAR. A.S0 A€ OC ANC BC A€
o ) INVERTERS, CALIBRATORS, CALIBRATEO WIDE BANO AF AMPLIFIER. DIRECT-READING CAPACITANCE METIK, OTHER ACCESSQRIES.
(Centinwed on page 70A4) ASK ABOUT OUR LABORATORY YOLTAGE STANDARDS 10 1,000 MC.
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ATTENUATION CALIBRATOR

STILL THE BEST

For 10 years the |/ Model BA-5 Attenua-
tion Calibrator has been the most precise,

the most advanced instrument on the mar-
ket for measuring rf and microwave attenua-
tion. 1t is still the only commercial instru-
ment designed specifically for that purpose
using the audio substitution technique.

The E BA-5 is versatile. It is the only
instrument needed for attenuation measure-
ments with the w Single Channel System
and it is also a basic component in the E
Dual Channel System. Each method has a
direct dynamic range of 35 db. With perfect
auxiliary equipment the E Single Channel
System is capable of accuracies of =0.02
db/10 db or *=0.02 db, whichever is greater.
.In practical production test installations,
average system accuracy is *0.1 db/10 db
or +0.1 dh, whichever is greater. Even in
production testing the w Dual Channel Sys-
tem is capable of accuracies of +0.02/10 db
or ~0.01 db, whichever is greater. The range
of either system can be extended to 55 db
with partial rf substitution with only a slight
deterioration in accuracy.

Write for complete specifications on the

BA-5. For detailed information on the tech-
nigues of insertion loss measurements, re-
quest

s

WEINSCHEL
ENGINEERING

GAITHERSBURG, MARYLANO
TEL: AREA CODE 301; 948-3434
TWX: 301-926-3730

SANTA MONICA, CALIFORNIA
631 WILSHIRE BOULEVARD
TWX: 213-879-0490

Applncatnon Notes 1 and 4.
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Daniel G. Dow (5’53 -M'57) has been
promoted to Manager of Tube Research
at Varian Associates’ Tube Division. e
be responsible for all basic research in
microwave tubes and devices.

Prior to this new appointment, he was
a Senior Scientist in Varian's Central Re-
scarch Laboratory, where he was involved
in investigation of microwave applications
of plasma devices and in laser research.

From 1953 to 1955 he was a Project
Officer in the Electron Tube Branch at
Wright Air Development Center, Dayton,
Ohio, responsible for research and develop-
ment of microwave tubes.

IFrom 1955 to 1958 he was a Research
Assistant at Stanford University, where
he was engaged in research on high power
traveling wave tube techniques.

Before joining Varian in 1961, he was
a member of the electrical engineering
faculty at California Institute of Tech-
nology. He also served as a consultant to
the physies laboratory of the Hughes Re-
sciarch Laboratories.

A native ol Ann Arbor, Michigan, Dr.
Dow received the B.S. degree in engineer-
ing physics and the M.S. degree in elee-
trical cngineering from the University of
Michigan. e received the PhoD. degree in
clectrical eugineering from Stanford Uni-
versity, Calif, He holds several patents in
the tield of microwave devices and has
published technical papers on microwave
tithes, plasma  physics and solid  state
devices.

Donald H. Ellis (M'00) has been named
Section Head, Airborne Systems Equip-
ment, at Dynatronics, Inc., Orlando, Fla,
Prior to his new appointment, he was a
senior  project  engineer responsible for
design and development of airborne telem-
etry components and systems. He headed
a study program which led to the develop-
ment of advanced system techniques for
acrospace PCM telemetry and supervised
the development of a major PCM telem-
etry subsystem for Saturn. Other ex-
perience includes responsibility for various
guidance and data system projects for
both ground and airborne applications.

Mr. Ellis received the B.E.E. degree
from Clemson College and did graduate
work at MLLT. He is Chairman of the
Orlando Section of the 1RE Professional
Group on Space Electrontes and ‘Telem-
etry.

Sherman M. Fairchild (M’'52), Founder
and Board Chairman, was elected to the
newly created post of Chairman of the
Executive Committee of Fairchild Camera
and Instrument Corp.

Mr. Fairchild founded what is now
Fairchild Camera and Instrument Corpo-

IRE People

i}

ration in 1920, with the production of an
aerial camera designed around his inven-
tion of an extremely fast and efficient be-
tween-the-lens shutter which made ac-
curate acrial photography possible for the
first time. In addition to the aerial camera
shutter, developments  conceived  and
sponsored by him include the cabin air-
plane, the folding wings airplane, wing
slots and flaps, hydrawlic brakes and land-
ing gear for aircraft, the cargo airplane
and the flight-analyzer camera.

He was a Director of PPan American
World Airways from 1928 to 1956. e has
been a Director and member of the [<xecu-
tive Committee of International Business
Machines since 1925, and a Director of
Giannini Controls Corp., since 1948. lle
currently is Chairman of the Board of
Fairchild Stratos Corporation.

Richard R. Fidler
(S'50-\"52 NM'ST)
has been appointed
an Assistaut Direc-
tor of [Engineering
at  the FEastern
operation  of  Syl-
vania  Electronic
Systems, a division
of Sylvania  Elec-
tronic Products
Inc. He will be in ("Imrgc of the operation’s
information processing organization which
is engaged in advanced systems analysis,
through production of a variety of elec-
tronic products and systems.

Since 19600, he has served as Manager
of the Advanced Systems Laboratory,
Needham, Mass, He joined Sylvania in
1950 as Engincer-in-Charge of the data
processing phase of an early anti-missile
missile program. Previously he was a staff
member of the Massachusetts Institute of
Technology's Lincoln Laboratory, Lexing-
ton, and was a P’roject Manager for the
Laboratory-for-Electronics, Boston,

Mr. Fidler received the B.AL degree in
physics from Gettyshurg College, and the
B.S. degree in clectrical engineering from
MLLLT. He served as a radar technician in
the U7, 8. Navy, during World War [T and
the Korean conflict.

Beardsley Graham
(5'39-N"H1-SN'47)
President of Spin-

dletop  Research,
Inc., Lexington,
Kentucky, was

named by Presi-
dent Kennedy  as
an incorporator of
the Satellite Com-
munications Corpo-
ration.

(Continned on page 384)
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T0-31 CASE

Investigate these Power Amplifiers
for your VHF Communications Needs!

CHECK THESE KEY PARAMETERS: Sprague’s ECDC technology,proven in the 2N2100
nanosecond film memory driver, has been extended
Py @ 25°C case 1w to amplifier or oscillator transistors covering a
wide range of VHF communications applications.
BVecso 30V The ECDC processcombines the benefits of electro-
BV ceo 15V chemical and diffusion technology to provide
today’s best combination of electrical character-

fr 1 Kme istics for maximum circuit efficiency.

PG @ 160 Mc 7 db X * *
Cob 8 pF For complete engineering data, write for Engineering
o Bulletins 30,409 and 30,414 to Technical Literature
ry! C. 60 nsec Service, Sprague Electric Company, 235 Marshall
- Street, North Adams, Massachusetts.

SPRAGUE COMPONENTS

®
TRANSISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE s I n n G u E

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
MAGNETIC CCMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL C RCUITS

MICRQO - CIRCUITS TOROIDAL INDUCTORS ELECTRIC WAVE FILTERS ‘Sprague” and ‘(' are registered trademarks of the Sprague Electric Co

AsT-a n
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Richard Hodgson
), Ex-
tive Vice Presi-
dent of Fairchild
Camera and Instru-
ment Corporation,
has been  named
President. He joined
Fairchild  Camera
in June, 1955, lle
was one of the or-
ganizers of Chromatic Television Labora
tories, Inc., and was President of the firm
when he joined Fairchild.

His association with the military dates
back to 1942, when he was a research
staff member of M.I.T.'s Radiation Labo-
ratory working on microwave radar de-
velopments. In 1944 he was assigned to
the Office of the Secretary of War as an
expert consultant on radar. During this
period he also served as civilian radar
advisor to General Hoyt B. Vandenburg.
He also was a consultant to the Depart-
ment of the Air Force in #952 and 1953,
advising on the organization of the re-
search and development program as part
of a three-man advisory group headed by
Lt. Gen. James . Doolittle. This work
led to the establishment of the Air Re-

D UAL F U N CTI o N search and Development Command.
He has been a Director of Television
L - P L E R Development  for  Paramount  Pictures

Corporation; Assistant Treasurer of Al
This unique instrument is a broadband precision calibrated len B. Du Mont Laboratories; Head of the
directional coupler which is adjustable from 5 to 70 db and {‘;"’*’”ﬁﬁ'”_"“ Vf\'f"‘?ﬁ“;‘fﬁ"‘ ”‘V,’S""b“ (“’f'
may also be used as a precision variable attenuator over these ar;:,"i(,:‘(i?,,',g‘z."l(,’('::rd':,,’;’lr,‘?c‘(‘.’rr)f;,‘r\',‘};‘Ik_'
ranges. Accuracy of the delta coupler is assured to within heed Aireraft Corporation and a manufac-
+ 1 db of absolute attenuation over the specified frequency turing and process cconomic analyst for
range and is displayed on a direct reading dial. Standard Oil Company of California,
Maximum power handling capability of this unit is 200
watts. Other features include low VSWR, low insertion loss,
and high directivity. The coupler is available in the following
frequency ranges: ’

Rudolf E. Kalman (8'53-\'35-M'61) a
staff scientist at the Martin Company’
Research Institute for Advanced Study
(RIAS), was named by the Maryland
Academy of Sciences as the State’s Ont-
standing Young Scientist of 1962, He was

AVAILABLE IN FOUR FREQUENCY RANGES

Configuration Model No. Frequency Range (mc) cited for his “outstanding contributions to
fundamental research in diilerential equa-
- / e " | €99 1270001 500 - 1000 tions as applied to automatic control, and
( 3 C99 2270001 2000 - 4000 specitically for his discovery of the duality

a - D principle in control theory.” 1l i
= 5 i C99 1270002 1000 - 2000 an engraved plaque bearing the citation

y i and a 8500 cash grant.

7~ ) C99 3270001 4000 - 8000 Before joining the stafi of RIAS, 'hc
b \ | i Complete specifications avaitable on request. was cmploved by DulPont Corporation

and International Business Machines Re-
search l.aboratory.
Dr. Kalman was born in Budapest and

Q: o-- : educated in the United States at the

Rt e Massachusetts  Institute of  Technology,

L T where he obtained both the B.S. and M.S.

degrees in electrical engincering. lle re-

*i1** Band ATC and DME ceived the I'h.D. degree at Coluinbia Uni-

0 L jotennas Subsystems Transponder Test Sets versity in 1957, Before joining the statf of

RIAS, Dr. Kalman was employved by
DulPont Corporation and  International
Business Machines Research Laboratory.

MICRO-RADIONICS. INC.

Formerly Kearfott Microwave Division

14844 OXNARD STREET, VAN NUYS, CALIFORNIA
STate 6-1760 TWX: VNYS 5451
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SIMPLIFY

communications
maintenance

he new # 3550A Portable Test

Set, designed specifically for

transmission system testing, is
especially useful for alignment and
maintenance of multichannel commu-
nication systems. It incorporates a 5cps
to 560 k¢ cscillator with fully floating
output, a 1 mv to 300 v 5 cps to 2 mc
voltmeter, and attenuator and imped-
ance matching networks to individually
match the cscillator and voltmeter to
135, 600 and 900 ohm lines.

The solid state instruments are
housed in a compact case with a splask-
proof cover, and both the oscillator and
voltmeter operate from internal re-
chargeable batteries or from an ac line.
The three instruments may be used sep-
arately in or out of the case.

The oscillator provides flat frequency
response and excellent amplitude and
frequency stability. The highly accurate
voltmeter provides a db scale for easy
measurement —72 to +52 dbm. The at-
tenuator and impedance matching unit
includes calibrate features to eliminate
inserticn loss. Oscillator and voltmeter
batteries recharge during ac operation.

Check the specifications for the re-
markable versatility and convenience
of this test set, then contact your &
representative or call direct for a dem-
onstration on your bench or in the field.
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Frequency Range:
Dial Accuracy:

Frequency Response:
Output Impedance:

Output:

Distortion:
Hum and Noise:

Temperature Range:

8090

Range:
Frequency Range:
Accuracy:

Nominal input
Impedance:

DC Isolation:
Noise:

Attenuation:
Accuracy:

Impedance:
Input and Qutput:

Power:

Dimensions:
Price:

NEW
portable
test set
measures
gain,
attenuation,
frequency
response

SPECIFICATIONS

OSCILLATOR (® HO7-204B)

5 cps to 560 kc, 5 ranges

+3%

+3% into rated load

600 ohms

10 mw (2.5 v rms) into 600 ohms, 5 v rms open circuit,
completely isolated

Less than (%

Less than 0.05%

—20° to 4+50° C

VOLTMETER (% 403B)

0.001 to 300 v rms full scale; —72 to -+52 dbm
5cpsto2me

0"C to 50°C, within = 2% of full scale from 10 cps to
1 mc, within = 5% of full scale from 5 to 10 cps and
1 to 2 mc (on 300 v range, accuracy is = 10% from 1 to
2 mc; AC-21A 10:1 Divider Probe allows measurements
to 300 v in the 1 to 2 mc range with an accuracy of

ti ?%); 0°C to — 20°C, *+ 8% of full scale from 5 cps
02 mc

2 megohms, shunted by approximately 40 pf on 0.001 v
to 3.03 v ranges, 20 pf on 0.1 v to 3 v ranges, 15 pf on

10 to 300 v ranges

Signal ground may be =500 v dc from external case
Less than 4% of full scale on 1 mv range, 3% on

other ranges

ATTENUATOR/PATCH PANEL,

110 db in 1 db steps

10 db section, error less than +0.125 db at any step,
de to 100 kc; less than £0.25 db, 100 ke to 1 mec.

100 db section, error less than +0.25 db at any step

up to 70 db, less than =0.5 db above 70 db, from dc to
100 kc; less than 0.5 db up to 70 db, less than +0.75 db
above 70 db, 100 kc to 1 mc

600 ohms

50 cps to 560 kc; balance better than 40 db; frequency
response *0.5 db, 50 cps to 560 kc; impedance, 135, 600,
900 ohms center tapped. Input includes 10K bridging
impedancs; insertion loss, less than 0.75 db at 1 k¢;
maximum level 410 dbm (2.5 v into 600 ohms)
GENERAL

Voltmeter and oscillator each use a power supply of 4
rechargeable batteries (furnished, 40 hr. operation per
recharge [20 hours at —20° C], up to 500 recharging
cycles). Automatic recharging during ac operation
ggg(’)’ (l)’lolgh, 19%” wide, 13Y4"” deep. Weight 30%% |bs,

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

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000

Sales and service representatives in all principal areas; Europe,
Hewlett-Packard S. A., 54-54bis Route des Acacias, Geneva; Canada,
Hewlett-Packard (Canada) Ltd., 8270 Mayrand Street, Montreal
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FERROXCUBE LIGHT

DEPENDENT RESISTOR

CONTROLS CURRENT
LOW AS LIGnT
INTENSITY VARIES

Let your creativity run wild with this one

. The Ferroxcube LDR is a light de-
pendent resistor offering a resistance
ratio of 25,000 to 1 for a light intensity
change from total darkness to 1,400
foot candles.

Interesting? Here's low-cost (as
low as 25¢, depending upon quantity),
compact (smaller than a dime), auto-
matic control that can serve as a relay,
a potentiometer of ultra-quiet charac-
teristics and high resolution, or as a
gain limiter. Use it in TV receiver de-
sign, toys, computers, and wherever
else light control is feasible.

—
s L.D.R.
.

LAMP

TRY IT! order a LDR-1A Engineering
Kit—includes 4 LDR's and complete tech-
nical data—only $10.00. Send check or
money order to...

@ FERROXCUBE
CORPORATION OF AMERICA /SAUGERTIES, N.Y.
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Broadband Random
Noise Generator

General Microwave Corp., 155 Marine
St.,, Farmingdale, N. Y., announces the
availability of the Model 503 broadband
random noise generator. ‘The Model 503 is
designed for the rapid measurement of
noise figure over the frequency range of
from 1 to 500 mc, and features a variable
excess noise output from 0 to 19 db. The
noise power generated results from the
action of two diodes operating in their
temperature-limited regions, and is a direct
function of the diodes’ de plate current.

i

60

Sinee this current depends upon the
power supplied to the diodes’ filaments, a
well-regulated dc tilament supply is em-
ployed to ensure a stable and hunifree
output. The plate supply is similarly well-
regulated.

The noise output, variable from 0 to 19
db, is indicated on a logarithmically cali-
brated meter, direct reading in decibels of
noise figure.

The noise output is accurate to +0.5
db over the frequency range and at any
point on the meter scale. The VSWR
measured at the output jack from 3 to 500
me is 1.2 maximnn, and L5 maximum
from 1 to 3 mc. Price is $350.00. Delivery
is from stock.

Thermistor Probes

Yellow Springs Instrument Co., Box
106, Yellow Springs, Ohio, announces the
availability of a new form of its precise
thermistor family. The precise thermistors
are mounted in 2-inch Teflon® probes
which can be formed to any configuration
required by the user with just finger pres-
sure. A stiffening wire in the heat sealed
Teflon® tube may be bent with linger pres-
sure to any required shape and the entire
probe then assumes that shape. Two #32
tinned copper wire leads insulated from
each other by a smaller Teflon® tube ex-

NEWS

, @
0 New Products

tend one-inch beyond the probe body. The
probes, like the thermistors, follow identi-
cal resistance-temperature curves to within
+ 19 over most of their —80 to +150°C
useable span. Each probe is accompanied
by numerical charts indicating resistance
to cach degree of centigrade temperature
and curves indicating tolerances both as a
9% resistance and as a maximum indicated
temperature variation if the probes are
used in measurement circuits. W\ family of
probes with base resistances at 25°C of
100 ohms, 300 ohms, 10K, 30k, and 100K is
provided.

PProbes are part of the 44000 precise
thermistor group. rices are helow $8.00
cach in 1-9 quantities with discounts in
quantity. Deliveries in small quantities are
from stock, larger quantities within 30
days.

Trimpot Data Sheet

New technical data sheet on Daystrom
301  Series Squaretrim® subminiature
trimming potentiometers provides com-
plete specifications covering these 3"
square adjustable potentiometers. With a
range of 10 ohms to 65 kilohms, operating
temperature range of —33 to 150°C, a
power rating of 1 watt in still air (i.e.,
without the use of a heat sink), and meet-
ing or exceeding all applicable MIIL. spees,
the bottom-pin  potentiometers in  the
Daystrom Squaretrim 301 Series are used
for the delicate adjustment of computer,
control, telemetering, missile, and other
critical military and industrial clectronic
circuits.

[t addition to actual-size photographs,
the technical data sheet contains detailed
clectrical, mechanical, and environmental
specifications on the 301 Series. Modifica-
tion possibilities are also shown. Complete
engineering drawings, power rating curve,
and circuit diagram are given.

Copies of the Squaretrim 301 Series
Technical Data Sheet may be obtained by
writing Daystrom, Incorporated, Potenti-
ometer Div., Archbald, I’a

(Continwed on page 110.+1)
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. . .c-.?/ \9
&
& o \
{#"“ 30 minimum h,. A
& at very low current:
X I.=14A. ;

» .

. j
I g 0 age .

> -

low current f,:

H g
, 15 mc minimum
¥ at1.=50uA;
& Low Noise Figure:
‘ 3 db maximum
u : atl.=10xA

1.8 db typical.

2N2484  2N2483

Symbol Charactesistic Min. Typ. Max. Min. Typ. Max. Units Test Cenditions

LVces  Co'lector-Emitter 60 60 Volts lc=10mA I,=0
Voltage

"he  DCCurrentGain 30 1c=0.001mA Vee=5.0V
he  DCCurrentGain 100 500 40 120 1c=0.01mA V. =5.0V

hre DC Cuiren: Gain 150 60 lc=0.5mA Vc =5.0V.
hre nC)DC Current Gain 20 10 lc=0.01mA Ve=5.0V
NF Noise Figure(note 1) 18 30 20 40 db 1c=0.01mA V. =5.0V
) Noise F:gure(note2) 1.8 3.0 20 40 db Jc=0.01mA Vee=5.0V
C Output Capacitance 6.0 60 pf 1:=0V,=5.0v
fr Gain Eardwidth 15 2 mc  1c=50pA Voe=5.0V
Product f=1mc

Note 1—R,=1CKS2; Power Bandwidth of 15.7 kc with 3 db points at 10 cycles and 1G ke.
Note 2—f=1kc; R,:=10KS?; Power Bandw dth of 200 cps

Now available from FAIRCHILD

2N2484: A general purpose low level amplifier featuring high
DC gain and f; at low collector current. These advantages, plus a

fow broad band noise figure,') make the 2N2484 ideal for general | Smreneralrs g e | S o]

purpose amplifiers as well as satellite and space probe FAI R c H l LD

applications. The Fairchild PLANAR* process provides extremely [ S T T RN
high stability and reliab /lity in a military temperature environment.
& Y / yemp SEMICONDUCTOR

2N2483: Has similar characteristics, except for hi: ratings. 545 WHISMAN RD . MOUNTAIN VIEW. CALIF. + YORKSHIRE B.BI§) = TWX: 415 959.9165
Both 2N2483 and 2N2484 are packaged in JEDEC TO-18. :
A data sheet covering both devices is available. *PLANAR: a patented Fairchild process.
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Special Purpose Housing

AMERICAN ALUMINUM Custom-Crafts

to Your Exact Needs

American Aluminum's 50 year old specialty is
manufacturing aluminum enclosures and related
shapes for the electrical-electronics industry. Our
experienced engineers will design your special
purpose housings, chassis, racks, panels and
other formations or they will carry on from a
blueprint and finish anything you start.

Join our long list of satisfied customers. You can
rely on us for the utmost in precision where
today’'s more exacting standards are met. The
American Aluminum team will meet your specific
needs with unsurpassed craftsmanship plus ex-
ceptional service and cooperation.

SEND US YOUR BLUEPRINTS
PUT YOUR PROBLEMS IN CAPABLE
AND LONG EXPERIENCED HANDS

COMPLETE FABRICATING FACILITIES FOR
Deep Drawing, Heat Treating, Spinnings, Assem-
bly, Brake Work, Stampings, Anodizing, Weld-
ing Finishing

Complete die making facilities

Stock dies on hand for many shapes
Complete inspection facilities

Our new WIEDEMAN TURRET PUNCH PRESS will
insure time and money saving benefits for you.

Write today for complete literature on the
services of American Aluminum

AMERICAN ALUMINUM COMPANY

Manufacturers of Aluminum Products
for Industry since 1910

230 Sheffield Street, Mountainside, New Jersey

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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4%/ Membership

The following transfers and admissions
have been approved and are now ef-

fective:

Transfer to Senior Member
Adachi. 8., Sendai, lapan

Bittman, .. R.. Lutherville, Md.
Bolz, R, ... Yonkers, N. Y.

Brand, IF. A.. Elberon, N. }.
Calvert, R. B, Brookville, ’a.
Campbell, R, E.. Benson, Ariz.
Cheney, C. L., Wichita, Kan.
Chow, C. K., Wayne, Pa.

Daniels. R. E.. Downers Grove, 111
Durrani. 8, H.. Albuquerque, N. M,

Epprecht, G W, Baden AG, Switzer-

fand

Gabor, AL, Port Washington, L. 1.,

N.YL
Glaze, . O., Hollywood, Calif.
Howell, M., Somerdale, N, J.
Kalman, R. F.. Baltimore, Md.
flane, J. F.. Lexington, Mass.,

Lathrop, R, C.. USAF Academy. Colo.

Lyman, R. C., Monroeville, I’a.

MaceNichol, E. F.. Jr.. Baltimore, M,

Mcleod, J. 8., Washington, . C.
Olson, A. E.. Eureka, Calif.
Radeliffe, AL I, Jr., Orlando, Fla.
Raible, R. \W., Little Rock, Ark.
Rausch, R, H., Dewitt, N. Y.
Remmer, R, N, Los Angeles, Calif.
Reyling, G, F.. Portola Valley, Calif.
Ray. D. ... Brookville, Pa.

Scott, A, C.. Madison, Wi,
Spilker, J. J.. Pr.. Palo Al Calif,
Stephian, AL, Pomona, Calif.

Tilley, A. E.. La Habra, Calif.
Truxall, F. W., Columbus, Ohio
Vuilleumier, R, 19, Santa Monica,
Calif,

Wickstrom, S, T., Skokie, 1l
Wiseman, 8. .. Littleton, Colo.
Worthington, D. T., Rome, N. Y.
Zimet, M, M., New York, N. Y.

Admission to Senior Member

Allison, E., Sun Pedro, Calif.

Babeock, 1., E.. Framingham Centre,
Mas-,

Barabaschi, S.. Rome, Italy

Bennett, W, R., fr.. New Huaven,
Conn.

Bonlam, W. E.. Warren, Ariz.

Crawford, H. D.. Stillswater, Okla,

David, . E., Lutherville, Md.

D. E.. Garland, Tex.

Davis.,

Dinhobel, F., Akron, Ohio
Fichbaum, B, R., Maple Glen. P’a.

Gaetano, A. F., Los Gatos, Calif.

Gallagher. [. J.. Orlando, Fla.

Flemel, AL, Chicago, 111

Tes~., G. K., Jr.. Patrick AFB, Fla,

Hollway, D, 1., Sydney, N.SAV,
Australia

Mavhburg, S.. Buyside, 1. 10 NU Y.

Mosher, R. F., Ann Arbor, Mich.

Muss, D, R.. Pittsburgh, Pa.

Nakahara, Y., Tokyo, Japan

(Cesttinued on f {r

~

SERIES 450 VARIES ITS CENTER FREQUENCY

AS SIGNAL CHANGES

With bandpass continuously adjust-
able from 2.5 to 100 cps via a panel
knob, this electronic signal chaser
improves signal/noise ratio of analog
signals that either drift or change
frequency as a function of time.
Signal frequency can vary from 100
cps to 120 k¢ — the Series 450 Filter
tracks it, automatically, with S/N
improvement up to 38 db. Lost signal

1 RS
S ——

=
0.‘:‘

-

o
19
®

-

momentarily? No problem. The 450 has a memory — searches to re-acquire

the signal.

Output is the frequency itself, multiplied times 1, 10 or 100. Optional acces-
sories include a dc analog of the input signal frequency, wide-band detector
to extract inteiligence from the tracked signal, and a pilot acquisition con-
trol to permit phase-locking to an external pitot frequency until the signal

itself reaches that frequency.

WRITE TO:

e (4

derstate ELECTRONICS CORPORATION

707 East Vermont Ave, « Anaheim, California « Phone 714-772-2222
(A subsidiary of Interstate Engineering Corporation)
NATIONWIDE REPRESENTATIVES

ANOTHER Qﬂm SOLID- 3fade INSTRUMENT

December, 1962



Microwave, semiconductor and
fast switching circuits with high
density packaging, that hereto-
fore have been thought imprac-
tical or impossible to build
because of their bulk or com-
plexity, are now successfully
produced in TRI{-PLATE Strip
Transmission Lire. 0 In bread-
boarding, packaging and quan-
tity production, what the

Gompact
packages
made possible
with
Tri-Plate
techniques _

be impossible to achieve with
conventional coaxial or wave-
guide techniques. 1 To help you
speed the time from design to
breadboard to prototype to pro-
duction with known character-
istics, there are more than 600
TRI-PLATE Modules — including
over 150 TRI-PLATE Mounts for
standard and advanced semi-
conductor devices — available
from Sanders. They let you test
new circuit ideas — no matter
how different or daring —
with speed, ease and economy.

PROCEEDINGS OF THE IRE

December, 1962

concept of strip transmission
promised, TRI-PLATE techniques
deliver — they've made the
concept a practical reality!O
TRI-PLATE circuitry provides
packaging versatility to solve the
most difficult problems. The
broadband mono-pulse front end
for S-band shown below contains
nine hybrid rings, three chan-
nel step attenuators, three bal-

" TRI-PLATE”
STRIP
TRANSMISSION

LINE

| ] sanaers Assoctates, inc

You can go from paper schema-
tics to functioning circuits in
just minutes to evaluate new
design concepts. 0 And a system
designed in TRI-PLATE Modules
can be produced in quantity as
an Integrated TRI-PLATE Pack-
age, with performance equal to
if not better than that of the
modular prototype, and with
great savings in size and weight.

anced mixers and six internally
mounted 1N831 diodes in a
multi-layer package of less than
17 cubic inches. Engineered to
conform to the customer’s space
and size requirements, it meas-
ures just 53" in diameter and
is less than 54" thick. This is but
one example of how TRI-PLATE
circuitry makes possible high
density packaging which would

0 For more information about
Strip Transmission Line and
how TRI-PLATE Products have
made it a practical reality, for
the latest literature — includ-
ing specifications and prices —
or for consultation regarding
your specific requirements,
write to Sanders Associates,
Inc.,Microwave Products Depart-
ment, Nashua, New Hampshire.

@ REQ. T.M.; EXTENSIVE PATENT COVERAGE, SANDERS ASSOCIATES, INC.

CREATING NEW DIRECTIONS IN ELEGTRONIGSFJ‘
SANDERS T/R’///E/P@-/A\\?TE® STRIP TRANSMISSION LINE 242

D

World Radio History
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Large production gives you low prices! = /eDe\
“#% Membership

Nomu .an n 1
X R. I Pho Md Flink, J. H., | o b 1l NG
1 AL, Al wrque, N A n V. L., Lancaster, Calif
Jr. B M C.E.Jro W D.
rerdin, L i red! .. May .M
. W. M N ( K.l ¢
I.. 8., El Segu: 1 ( PR Philae (Y
Silver . ] Wiel ( see, Ko Kast P Al ¢
Slotnick, 1) M Gill (R TP N
: ( H. ¢ K M
“ubroudy, G AL Farmin 1.1 M ( M
NOY. N, |
| 1
Transfer to Member G 1. K. Ottawa. Oni.. €
i I
_ . ¢ G NC )
o J W hah, W Gl
D Oftawa. O ( " D.C.M
. Hall. 5, R B \I
N Rego Park. Lo LU NC YL gy Ho A |
Mo
1.. C.. 1 |
S DL Me " ). ( \ li
L N n DLW
2 to 180 Seconds I L o tlenrs. 1 1. Tala, OM
! ' Lo n A
Actuated by a heater, they operate on WL B el Ancho \ ;J el . H . \l
AC, D.C, or Pulsating Current. R. G M Mi Hetrich. 1. A.. Re P
R 3 1 o ,
Hermetically sealed. Not affected by o b Hicks, M )
olfitude, moisture, or climate changes. dtile. : 'J Wt : L' ¢
: SPST only—normally open or closed. i LW, R, Talsa, O
0 - Compensated for o:nbienl temperature T \ ! \
i Pl changes from —55° to —-80° (. Heat- R.. Ne | . '
- - 5 ; 1 I
I ers consume approximately 2 W. and L D.. Falls Chure
y x : 3 p I LS. Do H
AMPERITE M| may be operated continuously. The units P, L i : Fort W
d . » .G N
J‘ are rugged, explosion-proof, long- b the I ' ‘ . R. K.,
[} lived, and—inexpensive! e B D - In R. D, Bal M
TYPES: Standard Rodio Octal, and 9- R.B. b te. Al e L
WY  Pin Miniature . . . List Price, $4.00. it ROT \ o R '
H. K. Lis Calii s
Also — Amperite Differential Re- PROBLEM? Send for L ¢ I Wea (1L ! {
lays: Used for automatic overload, un- Bulletin No. TR-81 am. D). Portsmouth, ;? N Moo 55K : ¢
der-voltage or under-current protection. 1 s \ T
5 Nebhed ) \ =l 1 b
r. R Al N. M ]
. ko DA PR, (%, [ [ LS
BALLAST REGULATORS ||(@’S ere 1R I Iodependence, O Kemimer. It L. |
15 I G b Nam Vaiddro, € Kesler, DL F. P Del Rey.
Amperite Regulators are designed to keep the N I Al Y , ng. Kinton. LI Nl
0y . 10} 1 1
current in a circvit automatically regulated _ ;511‘.‘ MR 1NN
ot a definite valve (for example, 0.5 amp.) PR Sl Brown. B Stillwater, Ok ,:1,“\:1‘}‘ I 0
... For currents of 60 ma. to 5 amps. Operate ‘ i (g B W ”\ \ Lange, A, C.. Ok Park. 11
on A.C, D.C., or Pulsating Current. ;;"‘“"‘ “k, 'R ";' \\'|” ! 1anre W« (
' L e Lecaneliar, B. L. Montreal, Que
Burns, Garden Gro Ca
8 . A Win M ‘
? & ) o ' Levine, R.. Cn v Park, Cal
EE Caprio R., Buifaln, N, Y. ]I"'Ll“ Il Il' \‘ ' Hol S \
S I H. W.. Brooklyn, N. ) 1 oo lio N )
- \ Clark. AL leston. S, ( Lovell, R, T, Wil et
| voLtage oF 24v t witH amprniTe | Con Bethewda, M Lule. M. J., 1 W 1 |
| BATTERY & CHARGER | VOLTAGE VARIES IR | o ork. Ny NLY
B VARIES APPROX. |} ONLY L) Corlew, New York Maneer. R avi ar
] | p Neptune, N} ' ) ‘
’ Marton Grove, T
5070 i 2 ° ) : Daugherty, B. R.. Springhield. \ L o o BTN SN |
e, T F LT i McGowan, A. I.. Buffalo, N.
. . awes, Db, Sout .t - 2 N g
Hermetically sealed, they are not affected by changes in altitude, Dearden. | MeKeever, ). K. Bean I
° C . g AV ), C.. O
ambient temperature (—50° to —-70° C.), or humidity . . . Rugged, Demipsey. ) . 't\m)\ m' L
" . . M erson, 5 ¢
light, compact, most inexpensive List Price, $3.00. :"” n, H o Meyer, AL
Yiuitrios, - 1. R
Write for 4-page Technical Bulletin No. AB-51 Doering. J. W' S e
Dolan, ]. L., Gre a. - 0 . ; ahd
Donalue, D, C., Red Bank, N, | ‘:i’”y”“ ! (‘j\ l [:F‘:)Al']'l:h\ : “I"“' |
Doukin, T. R.. Northport, 1. 1., N. \ '\I"‘”‘“,'O' i ‘i‘f Toferta
butt, D. R., Lexington, Ky HLLERAD '“ "I‘ lh“ ;
Durr, W Anaheim, Calif ) oo
adgeton, N
n Jo AL Baltmore, Md. (1 .”.h(l)! ‘l:i"'"‘ T !
561 Broadway, New York 12, N. Y. ... CAnal 6-1446 Eva () (o (Gl el e "
; 3 . Fickey, C. J.. Scarsdale
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 Filek Toliet, 111
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~ New
SANBORN
30-channel
EVENT
RECORDER

only 8% high, with solid-state plug-in writing control: 2050 complete

Compact portable casc or rack mounts in
834" of panel space

Meees MIL-1-26600,2 Class 1B RFI Spec.

Choice of 6 solid-state plug-in Writing
Controls

Simple front-loading of 4.07" wide, 300-
foot charts, built-in paper take-up

Solid-state pulse gencrator and power supply

Confidence : under worst combination of low
linc voltage and short duration signals,
probability of marking excecds 99%

Response to cvents as short as 1.3 ms
Constant trace intensity ac all speeds

Self-cleaning, reversible styli  replaceable
individually or in groups of 30; stylus
pressure automatically maincained

4 pushbutton-sclected chart specds, 1 to
100 mm/sec.; controlled  chare
speeds available on special order

remote

Signal recurn  isolated from chassis (1

megohm min.)

’E)is cconomical new 3)-channel operations monitor provides immediate, per
manent recording of on-off cvents on dry, clectrosensitive chares using “'pulsed
writing'’ for maximum clarity, stylus life and cconomy of power. Six different
interchangeable, plug in 10-channcl solid-state Writing Control cards are available
to match your signal voltage and recording requirements. Included are types which
operate with logic levels beeween 46 and 440 voles or —6 and —40 voles.
Also, “‘precision types” for monstoring low level signals arc available wich adjust-
able chreshold or balanced inpue (wich respect to signal recurn). Model 361 system,
for rack mouncing or portable case, is 833" x 19" wide x 145" deep, weighs
approx. 50 lbs. Complcte 30-channel system, with cicher +6 vto +40 v or =6 v
to —40 v Writing Control, is $2050 F.O.B. Waltham, Mass. Prices wich other
Writing Controls on request.

FOR UP TO 120 CHANNELS of on-oft recording, Modcl 360 uscs 16" widc,
450-foot chares: has 9 standard and 9 optional additional speeds; takes only 14" of
pancl space complete with integral cooling system. Solid-state plug-in Writing
Control cards described above are optional. Modcl
“estacesver Bl 360 120-channel Recorder alome, $3900; prices with

* J  various Writing Controls on request.

{ Call your ncarby Sanborn Sales-Engincering Repre-
sentative for complete specifications and application
assistance. Oftices throughout the U.S., Canada and
foreign countries.

INDUSTRIAL DIVISION

SANBORN COMPANY

WALTHAM 54, MASSACHUSETTS
A Subsidiary of Hewlett-Packard Company
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KEARFOTT power transistors
average 30% lighter, 50%

smaller and occupy 50% less % ’ o
mounting surface. NEW modi- T e
fied TO-10 hermetically sealed o e
case and improved internal con- e
struction provide miniaturized P e T
GERMANIUM PNP POWER T, T T S
devices with ratings up to 120V P, W. I, Clearsater, 1
@ 15 AMPS (our #KPG2000). O C - N——
We are also a DEPENDABLE 0 T N
SOURCE for the following de- ) R D T A
vices with ratings up to200V@ fbri GG S
3AMPS:2N538through 2N540A, j e e ¢
2N1202, 2N1203, 2N1326, 2N- fu P e
1438, 2N1466, 2N1501, 2N1502, Ul sfil [T
2N1504/10. Also available in s (5 By v
TO-13 cases: 2N143/13, 2N156, | , e
2N158, 2N158A, 2N1437, 2N- = R B
1465. TR

| < rd. 1 T.. Rochester, Ko
The following DISTRIBUTORS 703 S L A
stock these devices: Carter e T e O

. D Del M Cal
R. .. D I'e
S A 11

Assoc. Inc., Scottsdale, Arizona;
Cramer Electronics, Inc., New-
ton, Mass.; Hollywood Radio &
Electronics, Hollywood, Cali-
fornia; Solid State Specialist,
Mountain View, California; TO-10 TR

Terminal-Hudson Electronics, , 1L Wi, D¢
New York City; Valley Electron- 11 v
ics, Inc., Towson, Maryland.
Write Kearfott Division, General

.. . BN OO
Precision, Inc., Little Falls, New [ E. G Wi I
| I W \
Jersey or 437 Cherry Street, West Ao gt
Newton, Massachusetts. These X U Basaests e
i i RO-28-1 W W G Sea. Burbank, (€
devices are designed, manu- N Tt A
factured and life tested by B

C. N Warner R

KEARFOTT SEMICONDUCTOR ~ Note how little volume

1
\
\
\
\
\
and space are required \
\
\
\
\
\
\

|
] )
| Gt Plarby, P
I
5 LT, Indian River City, |

CORP., West Newton, Mass. by Kearfott’s Transistors I‘L R}f}. \'[wm «\« .
: ‘j Jyr\‘l ort ];l u \ris
n, Al “hina Lake, (
1., 8., San Diego, Calif.
@ @ER‘]E[}R&IL— . 0 T ’
FOTT DIVISION A L., Los Angeles, Calif
EEDRE@D@D@N 'L(ITETﬁ-:RFA?LS. NEW JERSEY 7. R. AL Ran Jose. €
&E@@@@&@@_ (Contus ) oo 510
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Ariz.
Cal.

Colo.
D.C.
Fla.
1.
Mas

Mich.
Minn,

Marketing Dept., Resistor Division, Sprague Electric Co., Nashua, New Hampshire.

ALL AXTAL LEAD BLUE JACKET RESISTORS

inl,2,3.5,7 and 10-watt power ratings are carried in

factory stock for immediate delivery. Place your order now with your

nearest Sprague District Office or Sales Representative.

Key Sprague Industrial Distributors carry most popitlar ratings in local stocks.

S P R A G U E S A
Phoenix, Sprague Electric Co , 3550 N Central Ave., 279-5435

Los Angeles, Sprague Electric Lo., 12870 Panama St., UP 0-7531 or EX 4-2791
San Frarcisco, W. J. Purdy of Calif., 312 7th St_, UN 3-3300

Denver, R. G. Bowen Co., Inc., 721 S. Eroadway, RA 2-4641

Washington, Sprague Electric Co., 2321 Wisconsin Ave., N.W., 338-7911
Clearwatver, Sprague Electric Co., 1152 Cleveland St., 446-3119

Chicago, Sprague Electric Co., 5942 W. Montrose Ave., MU 5-6400

North Adams, Sprague Electric Co., Marshall St., 664-4411

Newton, Sprague Llectric Co., 313 Washington Sz., WO 9-7640

Detroit, ABM Sales Ca., 10114 Puritar: Ave., UN 2-1300

Minneapolis, H. K. Richardson & Cc., Inc., 9 E. 22nd St., FE 6-4078

For application engineering assistance write:

SPRAGUE COMPONENTS

zzzz
<z

N.C.
Ohio

Tex.
Utah

Wash.

o F F I C E S

St. Louis, Sprague Electric Co., 3910 Lindell Bivd., JE 5-7239
Camden, Sprague Zlectric Co., 545 Cooper St., W0 6-1776
Albuquerque, Bowen & Carlberg Co., 2228A San Mateo Bivd., N.E., AM 5.1579
New York, Sprague Electric Co., 50 E. 41st St., OR 9-1195

Great Neck, William Rutt, Inc., 123 Middle Neck Rd., HU 2-8160
Winston-Salem, Sprague Electric Co., 928 Burke St., 722-5151
Chagrin Falls, Sarague Electric Co., 24 N. Maim St., CH 7-6488
Dayton, Sprague Electric Co., 224 Leo St., BA 3-9187

Dallas, Sprague Electric Co., 3603 Lemmon Ave., La 1-9971

Salt Lake City, R. G. Bowen Co., Inc., 463 E. 2rd St., S., EM 3.4528
Seattle, Sprague Electric Co., 4601 Aurora Ave., ME 2.7761

RESISTORS
CAPACITORS

MAGNETIC COMPONENTS

TRANSISTORS

MICRO CIRCUITS

PROCEEDINGS OF THE IRE

INTERFERENCE FILTERS
PULSE TRANSFORMEZRS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS

December, 1962

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIORAL DIGITAL CIRCUITS
ELECTRIC WAVE FILTERS

THE MARK OF RELIABILITY

*Sprague’ and (D) are regictered trademarks of the Sprague Electric Co.
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A

e Membership

(Continned from page 18:4)

Admission to Associate

Aaron, P DL, Port Washngton, L. 1., NLY
Arnold, R. K., Copley, Ohio

Barisone. G. L., Birmingham, Mich
I'atehiler, R, C., Melrose Park. Pa.
Bernard, M. Y., P"aris, France

Boon, C. K., Rantoul. T

Calapini, ). G, Chicago, VL

Courtney, W, ., Thompsanville, Conn
Crozier, oAV Rockland, Mass,

Duncan, M. AL Torrance, Calif.

Elbert, H. 1., Sarasota, Fla,

Feaster, ). L., Kirhwood, Mo,

FFriedman, M., Chicago, 111

Grunauer, D, R Brooklyn, N Y.
Gueelman, C. O, Scattle, \Wash,

ild, AL C., Baltimore, Md.

Hulbert, J. A., Willowdale, Ont., Canada
Humphrey, W, G. Ir, Soo Hamilton, Mz
Imam, M. Z.. Karachi, P"akistan

Tones, Co R., Winston-Salem, N. C.
Keyes, R. .. Scoteh Plains, N. J.
Klemin, H. K., 'ort Washington, f.. 1. N, Y.
Korein, J., New York, No Y.

Lanro, 1. G
Light, E. )
Lyon, W, V., Detroit, Mich,

MaclLaren, K. D, Winnipeg, Man., Canada
Maguire, 1. T, Dracot, Mass.

Matmood, K., Kabul, Afghanistm
Mangold, D WL, Ean Gallie, Fla,
Martinez, J. ... Mendoza, Nrgentina
Matter, Do Jo, Racine, Wik,

MeKnight, RV, Troy, N Y

Messick, R. L., North Canton, Ol
MeGarry, Do, Oyster Bay, T 1o N YL
Michell, F. R., Fort Bliss, Tex

Miller, 1. V., Redwood City, Calif.

Mitehell, ). Ko Iro, Washingten, D, €
Omuareali, M. S0 Ankara, Torkey

PParada, I Co C, Caraeas, Veneznela
I'eters, Ho S0 St Charles, 1L

I'oteat, B. M., Baltimore, M.

Richter, 1. D, Balimore, M,

Ryan, ). AL, Longmeidow, Miss,

sSmith, B. R., Durlington, lowa

Sujanani, H. H., Cotabato City, Philippines
Salazar, C. C., Cindad, Guatemala
Spanlding, H. E., Easton, Pa.

Thomas, 1. R., Fairview. Mass.

Tucker, L. F., Englewood, Colo.

UNl, N. P, Silver Spring, Md.

Van behn, Jo Do, Cambridge, Ohio
Voelker, C. G, Towson, M.

Wessel, H. UL, Deerfield, 111,

Yamaguchi, T. D., Los Angeles, Calif,
Yoshino, 1., Tokyo, fapan

Zeller, 1. R, No. Massapequa, B Lo NO YL

g Section
A Meetings
ATLANITA

“Systems  Equipgnent  Engineering,” M. C,
\Wright, \Vestern Electric Co.; 9/28/62.

BEAUMONT-PORT ARTHUR

“GEMINI, Man-In-Space-Project,” W. B,
Evans, NASA; Two movies with paper; 9/18/62.
“Proditction Flow Stations in Lake Maracaibo,

Venezuela,” I’. S. DPhillips, Sun Pipe Line Co.;
10/16/62.

BeNpgLUX

International  Symposium  on  Information
Theory: 9 3-7,62.

BINGHAMTON

“Telstar-—An Experiment in Satellite Coin
munications,” I. R, Githens, Bell Telephone Labs.
Joint with ATEL; 9/24 62,

BUFFALO-NTAGARA

Tour of Sylvania Home & Commercial lilec
tronics Div.; 9,/22/62,

CLEVLLAND

sproblems of Manned Space Flight,” T. Black.
NASA; 5/10/62.

“A Voice for Mercury,” F. E. Demaree, Bell
System Training School; 9 13 62,

Darras

“Telstar,” R. \W. Hateh, Bell Telephone Lats.;
9/25 62.
EMPORIUM

“I'le Great Barrier Reefs of Aunstralia,” J, \W.
Wells, Cornell University: 9 11,02,

[DITH

Tour of WSEL Television Studios, E. Zelle
frow; Joint with AL Ladies Night; 9 11/62.

“Design and Application of Crystal Filters,”
1. Bednarski, Bliley Electric Co.; “Toroidal
Inductors: Design  Considerations and  Specifica
tions,” W, Trudnowski; Forbes and Wagner Co
10 3 602,

Fori Ihracm-ca

“Range Instrinuentation for the X-15 Roe ket
Program,” |. Conley, USAF; 10,2702,

Forit WayNe

“Recent Development in Relay <™ Lo D
Del.alio, Filtors, Ine.; 1018 ‘02,

Forr Worii

M Multiplex Systems  for  Stereophonic
Truansmission  and  Reception,” C. L, Griuhbs,
Trinity Broadeasting Co., KJIN AM-FM; 10 9 02,

INDIANArOLIS

Tonr of 7. & Naval Avionics Facility: Joint
with ATELR: Film “The USNAFNI Storv™; 9/13/602,

Kansas Criy

“A Linear Computer for Time and Distance,
K. L. Morton, Western Electric; 9, 10/62.

LiriLe Rock

“Spb-Carrier Operation of FM  Broudeasting
Stations,” O, Alagood and ). Elder: Radio Station
KMMK-IFM; Film *Music In Motion;” 10/15 62,

LLos ANGELES

“Space Exploration and Baseball,” F. Adler,
Hughes Aircrait Co.p Joint meeting hosted by
Sonthern Sub-Section; 9/27,62.

MoniLe

Tour of WKRG-TV Transmitter Facility, H.
Skelton; 4/27/62.

“Iuman Factors in Engineering,” H. Berridge,
Air Proving Ground Eglin AFB; 5/24/62.

“PERT (Program  Evaluation and  Review
Pechniqites),” \W. Fundinger, Mobile Air Materiel
Area (Air Force); 6/28,/62.

“Telstar,” R. Gudgen, Southern Bell Tel. &
Tel.; 9/27/02.

NEw YORK

Panel on Information Retrieval, M. Kochen,
IBM Research Center; M. M. Flood, University of
Michigan; H. P. Luhn, Consultant; R. Kirsch,
Nat'l Burean of Standards; J. Tukey, Bell Tel.
Labs.; 10/3/62.

(Continued on page 54:)
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Panoramic SPECTRUM ANALYZER

sfhAa

SPECIFICATION HIGHLIGHTS

FREQUENCY RANGE: 10 mc to 44,000 mc
in 8 bands, (selected by push-button oper-
ated band switch).

FREQUENCY ACCURACY: Scale calibrations
+1% or =1 mc, whichever is larger.

GUARANTEED MINIMUM SENSITIVITIES

RANGE (mMc) SENSITIVITY® (dbm)
10 to 420 —100to —110
350 to 1000 —95to —105
916 to 2200 —105%0 —120
1980 te 4500 —100 to —1605
4500 to 10880 —100 to —110
10880 to 18000 —95 to —105
18000 to 26500 —85 to —95
26500 to 44000 —75to —90

*minimum measurabis sigaal

DISPERSION (2 separate swept l.o.’s):
wideband adjustable up to 70 mc (greater
dispersions optional), narrow-band 0-5 mc.

I-F BANDWIDTH: Adjustable continuously
from 1 ke to 80 ke.

AMPLITUDE SCALE CALIBRATIONS: Lin-
ear, 40 db Log, and Power (square law).

SWEEP RATE: Continuously adjustable
from 1 cps to 60 cps; synchronized from
line or external source; or free rurning
plus provision for Sweep Rate Calibration.
FREQUENCY MARKERS: Two calibrated
ranges: 0 to +40 mc and 0 to +3 mc

Marker Modulation input range, 10 kc —
2 mc, for additional marker pips with fre-
quency spacing determined only by exter-
nal modulating signal generator frequency.

AUXILIARY OUTPUTS: Synchroscope. De-
tected signal envelope with 60 db gain.
X, ¥, and Z axis outputs also provided.

Typical SPA-4a screen
photograph showing
spectrum of pulsed
signal. Here, individual
sidebands are clearly
resolved.

wy |

W
e ML HILAAA

Wide spurious-tree dy-
namic range of SPA-4a
shown at lest. Larger
signal 15 db above full
scale log. Smaller sig-
nal is —43 db fiom
larger.

Electronic Engineers & Physicists

Expansion program opens new opportuni-
ties. Interesting work on advanced instru-
mentation projects . . . excellent working
and living environment. Contact Mr. 4.
E. Rodger, Singer Metrics Division, Singer
Manufacturing Company, 915 Pembroke
St., Bridgeport 8, Conn.

o

SING METRICS

et




STILL UNMATCHED
IN BROAD RANGE SENSITIVITY — WITH PROVEN RELIABILITY

PROVIDES RAFID, ACCURATE RF thru MICROWAVE ANALYS!S

You can count on sensitivity of at least —100 dbm in S
or X band, —85 dbm in K band .. .:ypically, signals §
to 10 db weaker can be analyzed with the SPA-4a. (Sce
complete sensitivity table oa facing page).

SPA-4a’s unmatched performance is due to its many ad-
vanced design features. For example, the simply used,
directly calibrated tuning head with push-button band
selection inclirdes not two but three stabilized, low FM
local oscillators. The highest frequency l.o. covers the
4.5-11 kmc band on fundamentals. The four internal
broad band input mixers (1 ccax and 3 waveguide)
provide exceptional response.

High unaiform sensitivity, low resiGual distortion acd
fewer 1.0. harmonics provide displays with a wide spur-
ious-free dvnamic range. These SPA-4a characteristics
have enabled it to handle many heretofore difficult ap-
plications such as narrow pulsed signal analysis and
broad band, low level measurements such as in distor-
tion tests ard RFI monitoring. With its low residual
FM and selectivity adjustable to 1 k¢, the SPA-4x also
finds imoortant application in narrow band signal studies
which require resolution of closely spaced frequencies
and a high order of analyzer stzbility.

A Tragemark of THE SINGER MANEBFACTURING COMPANY

Panoramic SPECTRUM ANALYZER

ADDITIONAL OUTSTANDING FEATURES
e Extremely bright traces on 5” CRT
with 3 calibrated level scales, linear,
40 db log, and power.

¢ Adjustable |-F bandwidth facili-
tates setting of optimum selectivity
for all types of signals.

e Synchroscopz output provides de-
tected and amplified signal input
for external scope.

o Marker Modulation enables pre-
cise narrow band dispersion cali-
brations by means of sideband pips.
e Well-shielded, modular construc-
tion. Convenient access to all parts.
« Low down-time due to careful con-
struction (using MIL spec’s as guide)
and vwigorous quality control.

Panoramic

products

10 me to 44,000 mc
WITH ONE TUNING HEAD

FIELD PROVEN, HUNDREDS NOW SUCCESSFULLY USED
« Pulsed signal analysis; power points, lobe
widths, irregular pulsing. « Moritoring of AM,
FM, PM communication channels. - Malfunc-
tion study, e.g., parasitics, carrier shifts, etc. «
Noise an¢ RFI investigations. « Distortion an-
alysis; harmonic, intermodulation, etc. « Cali-
braticn and maintenance of signal scurces.

Channel your microwave spectrum analysis
problems to the Panoramic SPA-4a — get the
quick, guaranteed-reliable answers Row obtained
from hundreds :n ope-ation (see facing page for
specification highlights). A quarter-century of
spectrum analyzer experience assures you of
engineered quality you can count on..Why not
get complete information? Write, wire or phone
today for the SPA-4a comprehensive 8-page
technical bulletin and new catalog digest,

915" PEMBROKE STREET  BRIDGEFORT 8, CONNECTICUT » FOREST 6-3201
CABLES: “‘SINGERMETRICS, BRIDGEPORT, CONN.”
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eo... NEWS OF DEFFENSFE TFECHNOLOGIES

ADAR

—_

GROUNDBASED FPS-24 search radar
is one of the largest and most mod-
ern radars in the Semi-Autematic
Ground Environment (SAGE) air de-
fense network. Designed for the U.S.
Air Force, it will detect supersonic
high-altitude aircraft at long range.

PROCEEDINGS OF THE IRE

STABILIZED ANTENNA for the U.S.
Navy’s SPS-30 shipboard radar is
actuated in roll and pitch by a unique
dual ball-screw drive. The precision,
electro-formed organ-pipe scanner
permits long-range, high-accuracy
search and height-finding capability.

December, 1962

Sweeping advances in aerospace technology have caused
radar targets to vary widely in size, range and altitude,
speed and acceleration. Resulting radar design problems are
further intensified by electronic jamming and the need for
decoy discrimination, creating a continuous demand for in-
creased capabilties.

General Electric has anticipated this challenge with steady
improvements in transmitter and receiver performance,
mechanical design, and signal processing. Low-noise para-
metric amplifiers and masers extend effective range while
new pulse compression techniques improve target range
discrimination. Antenna structures are built to increasingly
closer tolerances for reduced side-lobes and precise angular
positioning. Coherent integrators provide both velocity reso-
lution and high signal-to-noise ratios, combining with side-
lobe cancellers to diminish the effect of radio interference.

Such developments are reflected in a broad range of radars
produced by General Electric and installed in virtually every
major country in the Free World—radars that include the
FPS-50 surveillance giant for the Air Force’s BMEWS, the
High Power Acquisition Radar (HIPAR) for the Army’s
Improved Nike-Hercules System, and the Marine Corps’
high-mobility TPQ-10.

OPTICAL PROCESSOR uses oil-film
storage to analyze high-resolution
radar returns in real time. Over one
million integrations can be per-
formed simultaneously by this pro-
cessor to determine range, velocity,
and acceleration for multiple targets.

AIRBORNE APS-96 will offord in-
creased detection copabilities for
fleet early warning as well as con-
tribute to the control of intercept
aircraft. This advanced radar is cur-
rently under flight test aboard the
U.S. Navy Grumman-built Hawkeye.

Progress Is Ovr Most Important Product

GENERAL @3 ELECTRIC

AEROSPACE AND DEFENSE GROUP
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Arnold Pulse Transformer Cores
are individually tested

under actual pulse conditions

The inset photograph above illustrates a special Arnold advantage: a
10-megawatt pulse-testing installation which enables us to test-prove pulse
cores to an extent unequalled elsewhere in the industry.

For example, Amnold 1 mil Silectron *'C” cores—suplied with a guaran-
teed minimum pulse permeability of 300—are tested at 0.25 microseconds,
1000 pulses per second, at a peak flux density of 2500 gausses. The 2 mil
cores, with a guaranteed minimum puise permeability of 600, receive
standard tests at 2 mictoseconds, 400 pulses per second, at a peak flux
density of 10,000 gausses.

The test equipment has a variable range which may enable us to make
special tests duplicating the actual operating conditions of the transformer.
The pulser permits tests at .05, .25, 2.0 and 10.0 microsecond pulse dura-
tion, at repetition rates varying anywhere from 50 to 1000 pulses per second.

This is just another of Arnold’s facilities for better service on magnetic
materials of all description. @ Let us supply yowr requirements.

Here's technical data on ARNOLD SILECTRON CORES

Bulletin SC-107 A contains design information on Arnold Tape
Cores wound from Silectron (grain-oriented silicon steel). It
includes data on cut C and E cores, and uncut toroids and
rectangular shapes. Sizes range from a fraction of an ounce to
more than a hundred pounds, in standard tape thicknesses
of 1, 2, 4 and 12 mils.

Coses are jisted in the order of their power-handling ca-
pacity, to permit easier selection to fit your requirements, and
curves showing the effect of impregnation on core material
properties are included.

A==

Nori1i CAROLINA

“College Achievement and Progress in M
agement,” D, L. Grant, American Tel. & Tel. Co.
9 206 62,

NORTHLRN NEW 1 RsLY

mentals of Foatire Flecttonies,” 1
ton University; 0 12 62,

Carver, Pring

OreLanosa Crry

“AMitomation and Control of Noka Pipeline
Pamping Stations,” F. Rodesney, Benham I
gineeting Co.: Joint with ATEE: 9 25 62

PRINCETON

“Electron Beam Drilling, Milling and Weld
mg.” K. Bakish, Flectionies and  Allovs, dnes
1 9 62,

Rocisirr

“Optical  Masers; Principles,  Practices an
Potentialities.”™ €. Mley, !niv. Rochester
920 62,

“Facsimile 1< Tt Analogne or Digitad?,” 101
Wheeler, Nerox Corp, Inecs 1011702,

SACRMIFNTO

“Satellite Comnumications with emphasis on
Telstar,”™ 1. W, Fitswilliams, RBell Tele, Labs.: Joint
with ATEE; 9,27 02,

“Direct Energy Conversion,” J. 1. W, Brow
General Electric Co.: Joint with ATERE:; 10 11 602,

Sarn Lake Cny

“Vour Future With 1EEE” D, K. Reynold-
Vv, of Washington: Joint with MEIF:D 0 28 02,

SCHENFCIADY

“Technical Aspects of Telstar,™ J. A. Murray,
Bell Tele. Labs=: 10716 62,

NEATTLE

Student Prize Papers Contest; 4 10 62,

“Report on Travel and Communications in
Furope,” T. R. ITewitt; Pacitic Northwest Bell
Tele.; Retired; 5/10/02.

=Miniaturization Philosophy for the lintertain-
ment Section of Electronics,”™ 1. R. de Miranda,
Philips Industries; 8 28762,

“Stanford  Linear Aeccelerator,” K. Willson,
Stanford Linear Accelerator Center; 0720762,

SUREVETOR!

“VORTAC, Discussion & Inspection,” . S,
Turner and 1. Patterson, ederal Aviation Ngeney
107202,

Sotra BEND Mislawaks

“Electronics in the Oil Industry,” G. Mutily,
Gulf Ol; 0727 702,

Sot 1 CAROLINA

“Maintenance Data  Analysis -\ Tool To

4102
Reliability, ™ . A, Voorhees, Western Electric Co.;
ADDRESS DEPT. P-12. /28702,
® ToLrepo
M ARNO I D Annua! Fall Dinner Meeting: 9 13 02
- .
20 pe0t?. . v csoN
SPECIALISTS in MAGNETIC MATERIALS . e - :
Tour of facilities of Kitt Peak National O
THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. SR QLS O
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES (Contimued cn page 26.1)
WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 1962



THE

SERITES
OSCILLOSCGOPES

USED IN COMPUTER CHECKOUT

The need for professional, ‘aboratory-type high-frequency oscitlescopes—easily trans-
ported in the lab or in the field—was one of the design parameters that prompted the
development of Bu Mont’s new, solid-state, light-weight 765 series of oscilloscopes.
A 5 mv/cm sensitivity at 25 Mc, a 14 8 nsec risetime, together with duakbeam capabili-
ties are part of the specifieations waich are incorporated.

An example of the use of this new, highly-portable scope is iltustrated by Mr. David
Denniston, sales engineer of Digital Equipment Corporation, Maynard, Massachusetts,
who utilizes it in the fisld and in his laboratory to periodically check and maintain
computer mocules manufactured by the firm. The compactness and light weight features
enable Mr. Denniston to readily transport his Du Mont 766 bench type high frequency
scope in his car. As a result, there is no need to depend upon a customer’s oscilloscope.
He knows that the ‘nst-ument he uses is ccrrecily calibrated and that field test meas-
urements are valid.

THREE VERSIONS—The 755 Series cormes in three different mechanical configurations
to meet user requirements. The 765 PcrtaScope* for real portability. The 766 Bench
Version. The 767 Rack Mounted version only 7-inches high. “ 1M

(.5 Ten/tin;est rggr& sensitive
mv/cm) a c.
| Silicon solid-state circuitry .!

| Flexibility of dual plug-in

circuits driving CRT directly e e ook an"a 705 Serics Oseillostons

“ - | Smaliest high-frequency N i
JYPE 167 OSCILLOSCOPE oschos'cope available :l':leg'.‘:n?sl:::gltdasv{ig&nést?a‘nsist;:ws':ﬁh::ts:}ﬂ
—shortest (only 7" high) rack-mount, & Three versions—for bench, “‘captured’ to establish necessary corrective
high-frequency oscilloscope available.  portable or rack use. T neec/em as. pravided by 3 Type 74,03

Time Base Plug-in. Below: Type 74-13 Dual
Time Base Delaying Sweep Plug-in provides

== 1 GET ON BOARD THE NEW, GROWING DU MONT. Too oppertunities for | astrobe to select a particular puise or trace
; = 3 oscilloscope and other instrument engineers. Engineering openings sector (as depicted by brightened pulse), and
/ 1 also in storage tubes, multiplier phototubes. Tute sales engineers, | enadles its expansion for detailed investi-
' district sales and engineers for mobile, and closed-circuit television ation. Used with Type 76-02 Dual Channel
engineers and sales engineers. Write or call George Vetan. Industrial IuF-In, expanded trace can be studied si-

Relations, PRescott 3-2000. multaneously as shawn in lower trace.

nuMm : ALLEN B. DU MONT LABORATORIES
: DIVISIONS OF

FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 750 BLOOMFIELD AVENUE, CLIFTON, N.J.

PROCEEDINGS OF THE IRE December, Y962 55A



NO. 90662-A INDUSTRIAL
GRID DIP METER

225 ke. 10 300 me. Hand catibrared 10.5% oo I JAMES MILLEN MFG. CO., INC.

ged I-milliampere meterwith transistor d.c. amplifier
for maximum sensitivity. Transistor modulator. Silicon

rectifiers. Convenient single-unit one-hand opera- M A I'DEN
tion. Elevenindividual coils with form-fitting molded
covers. Complete in carrying case. MASSACHUSETTS
-----------q @ Y NEBNLCTIONS
on-time delivery of emergency and -
protoiype i Section TR

I i € Meetings et ant 1t Al

. l tes Dretect i llml ~tine Nk loapl

l . A Vi p Unit-d 1 1)y “ 1t
! ‘ ~ Il heery lento Nat'l Fore

l l 10 1. Klasky, Unit I-1 Iy nat

l . V1206

connector needs. 8 Stocking Facilities -

l------------ M Traftic Controb Fad ities I A Criskrna
3 Arport,” WL Pl 1, AN Radar | .
l S[’('Cl/)’ the new Bendix Products l . X g 4 N £ ‘ “Opperturaties ltom dlee Shakeout o Kl
ties o Tulva Nirport,” R, Alen, Ay T ot ) . ks 3
l l trends C.. Fdiar, Setior Seenrity Anabyst: €0 M
Spattan Fleet S I: lou 1ew A | Rl 1¢ .
emicdes alnd Co
l l Conty LTowes Facilities: Toor ot Radar Tnsta'la re !
l I 1 AV | \nt 10 26 62
My rrivves Vaniay
l l [wiN Crins
. . e I . Aa U ndargraduate Level | tional 1
. “Looking at Patents,” S, R Peterson: Me ! < ctor 108 P TO TR W
contact Avnet for best service i o e T M ¢ ithy N (TR DS 62 ’;’]“ " ’:lm or ertone '
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on-time delivery of Sperry Paxara Cony
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AEROSPACE AND NAVIGATIONAL
[CLECTRONTCS

Lawrence .
University,

I’lant.

ANTENNAS AND ProrAGATION
MICROWAVE
TrECHNIQUES

REQUIRED

Excellence In Receiver Selectivity With Mini-
mum Component Population

SOLUTION:

1 Midland filters with guaranteed ultimate dis-
crimination of more than 100 db with 60dh/3db
BWR < 1.8 2 A low cost stock filter with vir-
tually no insertion loss

FACT

Facts are facts and filters are Midland’s busi-
ness. Their filter and crystal engineering skills
and facilities assure the user of top reliability
and performance. %k This is Midland’s Type
FB-5 crystal filter produced by the tens of thou-
sands — the only sure proof of production abil-
ity. It is an 8 pole — 6 zero precision network
that incorporates no added dissipative elements
in inband ripple control. Result: Superior selec-
tivity with essentially no midband insertion loss.
A quality production component with immediate
delivery. Engineering Bulletin NBS-103 is avail-
able detailing complete technical information.
Prices on request.

Midland crystal filters are
the result of exact design
methods and real produc-
tion knowhow.

* Write for Midlend's copabilities ond focilities bro-
chure, "Midlond — in microspect”,

Avmo
c!>: Professional = R
e eveliand
Group Meetings = “Nen
! cording  for

SPECIFICATIONS

Center Freq: 10,7 MC + 375 CI’S

Bandwidth @ 6 db,: 13,0 KC Min,

13.8 KC Max.

60 db/6 db BWR: 1.8 Max.

100 dh/6 db BWR:
Ultimate Attenuation:
Midband Insertion Loss:

2.2 Max.
105 db. Min., 8 MC to 14 MC
0.5 db. Nominal, 1 db. Max,

Inband Ripple: 0.5 db. Nominal, #.8 db. Max.

Operating Temp. Range:

55° C to+90° C

Zin/Zout Req: 1100 OHMS * 5% in parallel with ad-
justable capacitor 0-5 picofarads.

Dimensions:

&

25" Lx 1" W x 1'a

“H

MANUFACTURING COMPANY

Division Focific Industries, Inc.

3155 Fiberglos Roed

Mav 24

Techniques in Stereophonic Re-
Multiplex,”

Kenneth R

Hamann, Cleveland Recording Company,

1515 Kucelid Ave.,

Philadelphia

“N System of
Akron ing,” Robert
“Survey of Solid State Deviees,” Dr
Giacoletto, Michigan State
Iast Lansing, Mich.

September 18

AUTOMATIC
New York- June 14

Business meeting and tour of Bendix

Johnson,  Douglas

Santa Monica, Calif.

“Hall 1itiect
Control  Systews, ™

THEORY AND

l.os Angeles

Smvth
Nireraft

“Hydrofoils,™ R.

New York

Devices as
Donald

Cleveland, Ohio.

September 28
Electrostatics Record-
Kerr,
Nemours and Company, Wilmington, Del.

I. Dulont of

CONTROL

Mav 8

and J. M.
Company,

May 22

Applied 1o
l.eibowitz,

Philadelphia—September 19

“Semicondactor Diode Switch, Limiter
and Duplexer Advances at Diamond Fuse
Laboratories,” Robert Garver, Diamond
Ordnance Fuse Laboratories.

“Early Adventures in Microwave Re-
search,” Dr. George Southworth, Bell
Telephone Laboratories (Retired).

Toronto September 24

“The Natare of the Moon's Surface,”
Dr. Bo AL MacRae, University of "TForonto.

PROCEEDINGS OF THE IRE
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General Precision Aerospace Group, Little
Falls, N. J.

New York—April 25

“Information
onics and  Biology,”
MOLT

Theory Applied to Bi-
Jack D, Cowan,

Bro-NMepican ELECTRONICS

Cleveland-—September 19

“Graduate Education in Biomedical

(Continwed on page S84)

Konsos City 15, Konsos

O
ime delivery of Microdot Connec

tors and Cable
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8 Stocking Facilities, ]
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Specify the new Microdat Products
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FILTERED
COOLING AIR
INI...

OUT!

WITH
NEW

RF | BLOWERS!

McLEAN

AND FILTER-GRILLE ASSEMBLIES

Mclean RFI
Filter-Grille Assembly

Cross Sm

Mclean RFI Blower
Now McLean makes it possible for you to pressurize radio
shielded electronic cabinets with cool, filtered air without
opening the “envelope” to RF interference.

These new McLean RFE1 blowers and filter-grille assemblies
have been government-approved for RFI performance in ac-
cordance with MIL-I-6181D -—— meeting or exceeding all re-
quirements including susceptibility, generation and shield-
ability. This development is one of many by McLean engineers
designed to assure reliability of electronic equipment. WRITE
TODAY for further information.

IVIEINERAN

ENGINEERING LABORATORIES

World Leader in Packaged Cooling
P.O. Box 228, Princeton, New Jersey
Phone: Area Code 629 WAInut 4-4440 TWX 609-799-0245

| e —

Mclean ;
. "'f,,‘,'}f""

SEND FOR

NEW 44-PAGE

| CATALOG

| Or Cur

NEW MIL-SPEC
BLOWER
CATALOG
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4

Engineering,” Dr. J. 11 UL Brown, Na-
tional Institutes of Health, Bethesda 14,
Md

Rochester — October 2

lectronic Analog the Huma
| fessor Zwisle Sy e s
Un
Rochester  July 17 418
“Conference on Data Aequisition and
Processing in Biol uud Medi

Crrevr THeEoRY
L.os Angeles  September 18

“Spaceborne Computers for Now and
Later,” Ladimer ] Andrews, Aerospace
Corporation, El Segundo, Cal

“Integrated Switching Circuit Usin
I'ransistor - Coupled  Logie,”  James |
Buie, Pacitic Semicondctors,  Tney,
Segtindo, Calbif,

Cirecer ThHEory
INFORMATION THEORY

Omaha-Lincoln September |

*Kickott: Fhirteenth \a I'rofes
sional Registration Ch " Richard Ke
sler, N Bell, Omaha, Nebo, Joseph A

Rogers, Westinghouse Elevators, On ha
Neb

COMMUNICATIONS SYSTIMS

Northern New Jersey  September 18

"t Con icatio L'sin th
Telephone Systems,” W. 0. Fleekenstein,
Bell  Telephone  Laboratorie Holmdel,
AV N

COMMUNICATIONS SYSTEMS
VEHICULAR COMMUNICATIONS

Omaha-Lincol

“The New Six Trunk Line Concentra
tor-ldentifier for “Telephone  Answering
service,” Merle Laughling Western Ele
tric, Omaha, Neb.

I'our, Western Eleetrie Manufacturi
Floor.

September 235

Omaha-Lincoln- -September 20

“Telsta nd  Satellite Conn ici-
tions,” Glen H. Sanders, Northwestern
Bell ‘Telephone Company, Omaha, Neb,

Philadelphia  May 21
“Sequential Coding,” George C. Hen-
ey, RCA, Camden, N, .
Philadelphia—April 2

“Department of Defense World Wide
Communications Systems, ™ Raviond La-
nski, Philco Corporation, Philadelphia,

Pa.

December, 1962



How Important is Experience?

When you select a microwave spectrum analyzer, remember thatl Polarad is the pionecer.
In fact, we have had more experience in designing, building, and helping engineers apply

microwave speclrum analyzers than all of our competitors combined . .

. several times

more. We wrote the only textbook in the field — in its fifth printing now, (Write for one

— it’s free.)

So What? Why should it matter to you that we have the most experience? Does experience
really count? We think it does. In faci, we believe it is the most important factor in your final

decision. Let us tell you why.

Every circuit in a Polarad spectrum analyzer
is a second- or third-gencration design. That
means:

@ refinements that make it more precise and
stable.

@ sophistications thai make it more versa-
tile and useful.

@ revisions that make it more reliable and
economical.

@ updating that assures state-of-the-art
capability.

On the other side of the coin is what experi-
ence spares vou. You know the kind of thing
we inean:

scale, the oversensitive control, or the
awkward panel arrangement.

@ vweak links . . . the causes of sudden fail-
ure right in the middle of an important
test.

Everyone is plagued by these things . . . and
only experience — properly applied to the evo-
lution and elaboration of a design — ever elim-

inates all of them.

To sum up, when you buy a Polarad spectrum
analyzer, you benefit in two ways: you get the
most instrument for your money; and you get
the accumulated experience of thousaunds of
engineers, in many hundreds of installations

@ subtle surprises . . . the mixer, or other
circnit that isn't there, just when you
need it. (All Polarad Spectrum Analyzers
are ‘urnished complete.)

. like the hard-to-read

all over the world. No one else can offer vou
that much.

Call your Polarad Field Engineer for positive
proof.

@ inconveniences . .

Newest in a Distinguished Family —
the Model SA-84 WA

Extended-Range Spectrum Analyzer

Extended Frequency Range: 10 MC-63,680 MC in a single self-
conlained instrument! Extended Dispersion Range: 25 KC to well
over 80 MC (to 100 MC on special order!) Highest Sensitivity
ever offered in this class of spectrum analyzer!

Wide-Range Variable Resolution: 1 KC-80 KC! Many other fea-
tures: 0.01% Crystal-controlled markers over enlire frequency
range . . . log-linear display . . . (up to 36 db calilirated log dis-
play) accurate IF attenuator . .. full 5 usable display.

POLARAD

Polarad’'s new ‘‘Project Mohammed’’ is now
bringing the ‘‘Mountain’’ (our new Mobile
Microwave Calibration Laboratory) to ‘‘Mo-
hammed” (your microwave instruments). Be
sure to take advantage of this opportunity
to have your gear checked — at your door-
step. Save weeks of delay and needless ex-
pense. Call your Polarad field engineer for
details and schedules!

HAVE YOU MADE
RESERVATIONS YET?

Polarad Electronics Corporation

World Leader in
Microwave Instrumentation

43-20M 34th Street
Long Island City 1, New York
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PRACTICAL |+
INGENUITY (=]

T
ELECTRONICS

a principle.

What does it mean ? Technical excellence, reliability, per-
formance—combined with sensible pricing. On this philos-
ophy rests the enviable Tarzian reputation for customer
satisfaction. Too, it has earned for Sarkes Tarzian, Inc.
recongition as the producer of “‘the world's finest tuner for
the world’s finest sets''. You'll also find this same practical
ingenuity in all of these electronic products from Tarzian:

5
:
5
5
. ) 5 3 B
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s
. 2 — b
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TELEVISION 5
and FM TUNERS . SEMICONDUCTOR DEVICES
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. FM RADIOS and
MAGNETIC TAPE : AM/FM RADIOS

(

Electronic Products of Tomorrow ... TODAY

SARKES TARZIAN INC

—— east hillside drive « bloomington, indiana « edison 2-7251

4% Professional
Group Meetings

(Continied from page 5844)

COMPONENT PARTs

Los Angeles-—September 10

“Probletis and Solutions in Darnell
Specifications,™ Leo Jacobson, Angstrohm
Precision, Inc., Los Angeles, Colif,

New York—Mav 14

“Production of Reliable Transistors,”
J. Hillman, General Instrument.

“Transistor Failure Mechanisms,” C.11.
Zierdr, Jr., Senticonductor Products Dept.,
General  Electric - Company,  Syracuse,
NUY.

New York, Northern New Jersey,
Long Island—Awril 25
“Radio Interference Through Design
Practice,” S, Burruano, Burruano \s-
sociates, Inc.,, Westwood, N, J.
“Radio Interference Letters,” M. Iurst,
R. I, Interonics, Oceanside, N. Y.

ErecTroN Dievices
Albuquerque-Los Alamos—September 26

“Some  Devices We Would Like to
Have,” Dr. Bennett L. Basore, Dikewood
Corporation, Albuquerque, N. Mex.

New York Metropolitan Area—June 7
“Masers for Amplifving and Generat-
g Microwaves and Light,” Frank R.
Arams, Airborne Instrument Laboratory-.

New York Metropolitan Area—May 31
“High-Power  Microwave  Tubes,”
Thomas D. Sege, Sperry Gyroscope Com-
pany.

New York Metropolitan Arca—>May 24
“Unconventional  Free-Electron  De
vices,”  Dr. Gerhard  Weibel,  General
Telephone and Electronies Laboratories.
New York Metropolitan Area-May 17
“Microwave Tuunel Diode  Oscilla-
tors,” Dr. I'red Sterzer, RCA “Tube Divi-
ston.

New York Metropolitan Area—>May 10

“\aractor Multipliers in Microwave
Power  Sources,” Dr. R. I Rafuse,
Massachusetts Institute of Technology.

ELEcTRONTC COMPUTERS

Long Island—NMNlay 1

“Grumman  Aircraflt's  Computation
Facility,” G. TFogec, Grumman Aircraft,
Bethpage, N Y.

“Combined Analog-Digital Simulation
at Gramman,™ A. Burns, Gramman Air-
craft, Bethpage, N. Y.

(Continued on page 62.:1)
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HERE'S WHAT YOU CAN DO
WITH THIS SAMPLING SYSTEM

NEW VALUE j ivolt wide-band signals
PACKAGE e

Sampling sweep and S TP Joe o 10 o
sampling dual-trace plug-in &
units with the Tektromix B8
Type 561A Oscilloscope *

o tlluminated internal graticule « rectangular ceramic crt 6 Show X-Y (lissajous

This new low-drift sampling system s as easy to operate 7 .
as a conventional oscilloscope — but with sensitivity and
bandwidth possible only through sampling.

10
1

TYPE 561A CHARACTERISTICS
UNIQUE CRT

]

TYPE 3777 senes SWEER

‘“e THER FEATURES

arion TMEDIV

@ =L

The Type 561 A also accepts other plug-ins for
differential, multi-trace, and wide-band appli-
cations, plus the two latest which provide high
sensitivity, wide-band, dual-trace operation
combined with calibrated sweep delay.

For a demonstration—please call your Tektronix Field Engineer.

Tektr onix, INC. r 0 80x 500 BEAVERTON. OREGON / Mitchell 4-0161 - TWX—503-291-6805 - Cable: TEKTRONIX

Tektronix Field Offices are located in prircipal cities throughout the Unitad States. Please consult your Telephone Directory.
L g [
Tektronix Canada Ltd: Ficld Offices in Montreal, Ouebec « Toronto (Willowdale) Ontario.

Tektronix International A. G., Terrassenweq 1A, Zug, Switzerland « Overseas Distributors are located in 27 countries and Honolulu, Hawaii.
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Ceramics to infinity

Wesgo capability can provide an endless number of
shapes and forms in quality high alumina ceramics
for your most demanding applications.

Dense, vacuum-tight Wesgo alumina ceramics, with
up to 99.5% Al.O., are strong, hard and abrasion re-
sistant. They offer high thermal conductivity, excep-
tional chemical inertness and superior electrical
properties at microwave frequencies—even at high
temperatures.

Wesgo ceramics are available in sizes and shapes to
meet your individual specifications. Manufacturing
is to tight dimensional tolerances; parts are of uni-
form density, free from internal and surface defects.
All are quality controlled to meet unparalleled per-
formance standards.

Write today for a brochure describing these premium
ceramics or Wesgo's precious metal brazing alloys

WESGO — Where Quality is the Chief Consideration

WESTERN GOLD &
PLATINUM COMPANY

5725 Hart

or Blvd (m

Y Ar

) |

o o ® ° v - :
Sub-Miniature Indicator Lights et
~ Conform to applicable Military Specifications.
Mount from FRONT of Panel in 15/32 Clearance Hole

. {actual size) | Island  February 0
\\ \ Nitnose Pulse Circuits \u

Assemblies with Built-in Resistor — lli(‘«l' ‘;;l“‘mn:‘lf\u\u R ‘(I”):“!I\’;.I:Itf”ll :1(\;"‘.

(A patented DIALCO feature—U.S. Pat. No. 2,421,321) _~ ‘ ‘

Conform to MS$25257 ... Accommodate T-2 ///’ | -No. 137-8836-931 Long Islwd  December 6

Neon Glow Lamps: Type NE-2D (MS§25252) e Navigation Svstem for Polaris
e is recommended for general service on 105-125 volts AC or pc. The High Bright- M T lossah Gorligiige Syl

ness type NE-2] (not MS) may be used on 110-125 volts AC only. Giromoge Gomp Marine Divisior

Features: Stovepipe lens molded of high-heat plastic gives 180° light spread; available
in choice of signal colors...Two terminals... Rugged construction; phenolic insulation Santa \na Septeniber 27
of Mil. Spec. grade... Anti-rotation (locking) features prevent rctation of unit while

being tightened to panel... For complete data request Brochure L-159C. ctionally - Tnterconnected 1o

Jack Pariser, Hughes Nireraflt Company
Fullerton, Calit
INCANDESCENT st
e / (‘\ San Francisco  September 23
C Assemblies conform to M$25256 Fhe HOM-202 Thin Film Computer,”
—— Accommodate T-1-3/4 Incandescent bulb with \. S Fukin, Hughes Nireraft Company,
=~ midget flanged base, in voltages ranging from 1.3 Los Angeles, Calif.

\\\ to 28 (the 6 V.and 28 V. conform to M$25237). T-1%
For complete data request Brochure L-156E. )
Samples on Request— at Once —No Charge ENGINEERING M ANAGEMIENT

Foremost Manufacturer of Pilot Lights

4 DIALIGHT

Buenaventura  Scptember 23

“The I'residentiil Order on Organized

PILOT LIGHTS Groups  of  Lederal  Employees,”  John

MacCaulev, Head, | loyvee Relations

“The Eyes of Your Equipment” CORPORATION ])Ii:‘if,";::_u cad mplovee Relation
60 STEWART AVE., BROOKLYN 37, N.Y. « Area Code 212, HYacinth 7-7600 Contin .
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100 kW CW

1.7-2.4 Go

Varizn Associates’ new VA-858 CW amplifier kly- HIGH BROAD-
stron offers the highest known power in S-band SYNCH EFF. BAND
for deep-space communications. Developed by the CUARACIERISTIOY Toe T g
same team of engineers whc brought the industry Power Output (kW) 103 122 122
the highest pawer in X-band, the VA-858 is con- Drive Power (mW) 35 350 1600
servatively rated at 100 kW, and in actua! con- Gain (db3 65 55 51
tinued operation has delivered in excess ot 175 kW. Efficiency %) 35 41 4
The VA-858 is available in four models. Tubes can |Bandwidth, 2 dt Mo 8.3 15 21
be tuned for high gain, high efficiency, or wide | Beam Voltage (Wdd 2 3 .
bandw:dth. With suitable stagger tuning. a 3 db ot - 83 i e

bandwidth of 20 Mc can be achieved, with a
power gain of 30 db. Tuning range of each tube is
150 Mc below Z Gc, and 200 Mc abeove 2 Gc. Small

size of the tube is ideal for antenna mounting. \ :
If your deep-space or satellite project requires @/ ‘TUBE DIVISION - Falo Altc 2, Calif
such exemplary tubes, Varian has (cr can design) ' ' -
the tube for you. Write Tube Division.

MICROWAVE PALO ALTO TUBE DIVISION « BOMAC DIVISION « S-F-D LABORATORIES, tNC. + SEMICON
TUBE GRQUP ASSOCIATES, INC. « VARIAN ASSOCIATES OF CANADA, LTD. « SEMICON OF CALIFORNIA, INC,
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NORTHEASTERN FIRST AGAIN! )] ‘crou meeings

Seattle—April 5
“Technology's Role in the Growth Ex
plosion,™ Ralph H. Miner, Lockheed Mis
siles and Space Company. Sunnyvale
Calif.

Scattle-—March 16

“How to Achicve Individual Income
Tax Savings,” Durwood 1., \lkire, Touche
Ross, Batley & Swart, Certilied Public
Accountants, Scattle, Wash.

1 Mc ENxGINEERING WRITING

AND SPrEECH

Transistorized Counter Los Angeles —Septenier 18
with “The Application of Technical Com
IR

munications,”  Russell  Broman,

DUShbutton ease! Broman Company.

Northern New Jersev—September 23

Northeastern’s Model 15-30 features simple
and fast pushbutton selection; ecasy thumb-
action controls for display time and counting
cycle. Gated counting, in-line nixie readout
and self-check features included.

“Printing and Duplicating Processes
for the lngineer,” Eli Fuchs, Raritan
Arsenal (UL S0 Army), Metuchen, N |

INDUSTRIAL ELECTRONICS

Frequency Stability 1 partin 107 per week }
Frequency Range . ..... 10 cps to 1 MC 3 Omaha-Lincoln- -September 260
£ Standard Output Frequencies ..., ... : “Long Range System Plinning,”
= 1, 100 cps; 10, 100 KC and 1 MC - Henry C. Sampers, Omaha Public Powe
e Max. Period Measurement Frequency. .100 KCS \ District, Omaha, . . Miller, OPPD,
3 Period Range . ........ ......... L d System Planning - linginecring, Omaha,
Y 10uscc. to 104 sec. (108 with standard output Neb.
- frequencies) (i
z Maximum Resolution . Tusec. between pulses A INFORMATION THEORY
Input Voltage 250 MV w0 100 V Max. RMS "i S rAncisn S e preniherioy
B pPover. . ... . .. .115VAC60cyclc, 90 VA 8 ) ) e ,
g : " wide. 9" high. 177 d  ? Data Comnumication Through Bi-
o i o 127 wide, 1gh, 1/ deep ﬁ' nary Superposition Channels,” Dr. Wil
£ PRICE....................oooonn, $1550.00 8 liam H. Kauatz, Stanlord Research Insti-
Sﬁ“ tute, Menlo Park, Calif.
l“r
- NORTHEASTERN
‘ ENGINEERING INCORPORATED INSTRUMENTATION
" AFFILIATE OF ATLANTIC RESEARCH CORPORATION = Poenngelcam s
DEPT. 2R MANCHESTER, NEW HAMPSHIRE %' . :
Employment Opportunities Open At All Levals =i Femperature Measurements i -
¥ treme Environments,” L. B, Gardner, for

Edwin N. Kaufman, Litton Industrices,

l.os Angeles —~March 20

“New Techniques for Measuring Nu
Ask To See The Difference! tating  Auotenna Parameters,”  Samuel
Rosen, Rantee Corporation, Calabasas

Now! A REALLY STABLE 10uV Calil.
D c M I c R 0 - v 0 LT A M M ET E R! Philadelphia-- September 18

ULTRA-SENSITIVE DC “Necuracy,” Earl I, Gard, Frankford
MICRO-VOLT-AMMETER Arsenal, Philadelphia, Pa.
10uV-1 KV, mid-zero; 10uvA-1mA, mid-zero;
.ap. Imp., 1-100 meg; DC Qutput, 2.5V @ 1mA; A CROWAVE THEORY
Basic Accy, Volts-1%, Amperes-2%. . o
Model MV-07C . ... ... .....$495.00 AND TECHNIQUES
Boston—September 27
MILLIVAC lnstrumems, Inc. “Advances in Microwave Solid-State
‘ 1100 Altamont Ave., Schenectady, N. Y. l‘)c\‘lcc.-;, Frank } Brand, USASRDIL,
FFort Monmouth, N. J.

(Continued on page 68.4)
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Nature has given the mosquito a pro-
boscis that measures 0.0031 of an inch
at its widest point. Nickel makes it
possible to produce tubing that's much
finer.

How fine? The tubing pictured here —
drawn by the Superior Tube Co.—has
an outside diameter of 0.0019 of an
inch, a wall thickness of 0.00065 of an
inch and an inside diameter of 0.0004
of an inch!

But the smallest tube ever made is
still much finer. The fact is, that nickel
tubing has beendrawn down t00.00061
outside diameter and 0.000036 inside
diameter. T hat’s really fine!

Tiny tubing like this is
just one example of
how you can get Hunt-

ington Alloys in any
form or size you may
want, right down to the

fine sizes produced by

specialists in strip wire
and tubing. In com-
mercial production,

Huntington high-nickel
alloys are made in tube

...that tubing finer  forms from 0.010 inch

=gy outside diameter to the
than d mOS(]lIItO S giant welded cylinders

used in paper-making

stinger calls fora  _.ciicry Trcyve o
HlllltlllgtOII A“oy! SO gvallable in wire and

strip forms. And in all

the other various

shapes and sizes need-
ed for electronic applications.

Perhaps a Huntington high-nickel al-
loy can help you solve one of your
electronic problems? Write for the in-
formative booklet. “Huntington Alloys
for Electronic Uses.” It will give you
a convenient reference on the proper-
ties, available forms and typical appli-
cations of these alloys.

AHUNTINGTON ALLOY PRODUCTS DIVISION
INCO THE INTERNATIONAL NICKEL COMPANY, INC.
HUNTINGTON 17 e WEST VIRGINIA
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Here’'s New Assurance of Extra Performance...
in Every RCA Silicon Rectifier You Specify

Now you can design rectificr circuits with
much greater assurance with RCA Silicon
Diffused-Junction Rectifiers, because you
have complete surge information. Check the
surge value for the conditions you must meet
and yowll find the right RCA rectifier for
the job.
KCA Silicon Rectifiers can withstand tem-
porary current overloads hundreds of times
higher than average current rating.
Here are some of the features of RCA Silicon
Rectifiers that make this quality possible:
e Diftused Junction Process...¢xtremely tight
charucteristics limits

e Each package designed to meet the strin-
gent environmental and mechanical re-
quirements of today’s military and indus-
trial power equipment

e Extra-high-strength zirconium-alloy mount-
ing stud

e Unique internal heat sink assurcs union of
pellet and contact to eliminate high-current
hot spots

® Thermal fatigue cycling tests — the best

assurance for long and dependable service
e Every unit is dynamically tested prior to

shipment

Call your RCA Reprasentative s i""'.:",'::.'""
for complete information. For e ‘
your copy of the RCA Appli-
cation Note, SMA-4, write to
RCA Semiconductor and Ma-
terials Division, Commercial
Engineering, Section 1T-12,
Somervilie, N. J. .

AVAILABLE THROUGH YOUR RCA DiSTRIBUTOR R

THE MOST TRUSTED NAME IN ELECTRONICS

®
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Poles and Zeros

Abstracts and References.
See page (2338) for announce-
ment of the greatest impor-
tance to users of 1bstracts and
References.
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International. An international subcommittee comprised
of Dr. R. [, McFarlan, Chairman, [RE International Com-
mittee, Professor Alexander Bereskin, Dircetor, Region 4, and
Professor Adolfo i Marco, Chairman, Buenos Aires Section,
toured eight countries of Latin America this summer. They
sought to determine steps which the TRE shouald take to im-
prove communications with, and meet the professional society
needs of, engincers and scientists in the radio, eleetronic, and
clectrical industries. In Venczuela, Brazil, Argentina, Chile,
Peru, Ecuador, Colombia, and Mexico, they visited nine uni-
versities, six factories, and four government laboratories, [RE
sections exizt in Rio de Janeiro (Dr. Joao . Wiltgen, Chair-
man), Buenos Nires (see above), Chile (Julio del Rio, Chair-
man), and Colombia (Professor Werner Westphal, Chairnan).
The Buenos Nires Seetion is the largest in South America and
the first to be established ontside North America. Good po-
tential for formalizing activities into a section or subsection
was found in Yenezuela, Uraguay, Peru, Sao Paulo, and Co-
lombia. The Mexico City Section of the ATEE will absorh and
serve IR members upon merger. Colleges and universities
visited were satisfactorily equipped and staffed to award the
B.S. degree. Mthough few are giving the Master's or Doctor’s
degree in engineering, several are planning to expand staff
and facilities and activate graduate programs in the near
future. Throughout the visit, the Committee found enthu-
siasm, plans. and progress. Latin America can be expected to
move ahcad with the [EER.

Who Reads PROCEEDINGS? Students do! As of this writing,
15300 of renewals of student membership and 334, of new stu-
dent members are paving 89 dues instead of the basic 83 fee
inorder to receive PROCEEDINGS.

Literacy and Technology. \s the last issue of the Pro-
CEEDINGS O THE IR goes 1o press, it seems fitting to fix this
point in time and thereby establish a perspective view of the
future. Your Editor undertook a bit of researeh and came up
with the following, which sheds some light on our potential
and responsibilitics as we become members of the TEER: At
the dawn of recorded history —about 4000 B.C.—-there were
about 130,000 people in the known world who could read and
write. This number doubled on a 930-vear cvele until the end
of the Midd'e Ages. The invention of printing, the compass,
the technique of sailing into the wind, and other technical and
humanistic advances established both need and desire for
literacy. The doubling time dropped to about 100 vears. Fur-
ther technical, governmental, and medical advances created

the “population explosion™ of Maltlus and the doubling time
in the early 1800°s hecame 50, then 40, then 30 vears, and now
20 years. There are presently about 1.5 billion literates in the
world. The rate of creation of literature and knowledge has
followed closely the rate of increase of literacy. General
printed material is doubling today about every 20 vears. The
Harvard University Library is doubling in numbers of books
and pamphlets every 20 to 23 years. Note that this means
that Harvard will buy as many books in the next 23 vears as
they have purchased in the last 300 years! The NLLT. Library,
being oriented toward technical literature, is smaller than
that of Harvard, but is doubling on a 10 to 15 year cycle. The
number of pages of technical papers is said to be doubling
every 13 vears. Dr. Werner Von Braun sayvs that knowledge of
space science is doubling every 7 yvears, PROCEEDINGS OF THE
IRE pages of editorial material has doubled every 11 years for
over 40 vears, and the TraxsacTioNs pages output has
doubled every three vears over the last decade! TRE member-
ship has, on the average, doubled every seven vears for four
decades, Thisis truly a remarkable erain the history of man-
kind, and we [RE'ers can be proud of our contributions
thereto.

End of an Era. During the next 40 vears there will be as
many man years of literacy as there has been in all of man’s
past history. 1t is reasonable to expeet almost proportional
creativity and progress, as summed over all spheres of activ-
ity. Extrapolation of trends indicate that the world will be
essentially 1000 literate at the turn of the century. The next
40 vears is truly “the end of an ere™ during which the prog-
ress of mankind has “exploded™ as a chain reaction among
technology, mass education, and population growth. Miter the
vear 2000 ALD. the number of literates will inercase. not per-
centagewise, but only as the population increases.

Beginning of a New Era. \Vhen one era ends, another must
begin The new erais already taking form in many nations of
the world, The United States, Canada, Western Europe,
Russia. Japan, and Nustralia, for example, are almost totally
literate at this moment. If the explosion of progress is to con-
tinue (if progress is to continue to accelerate), we must raise
the level of the average per capita education—and this means
to press every man to achieve his personal saturation level
in education. It means more, hetter, and more efficient schools,
colleges and graduate programs. To our teld of Plectrical
Science and Engineering, it means greatly eapanded PhoD).
programs and, in addition, development of “another laver on
the cake”—large and strong post-doctorate programs which
will stress study and research at the highest fevel in an aca-
demic atmosphere. Our colleagues in Chemistry, Physics, and
Biology have sizable post-doctorate programs already under-
way. IEEL faces a new and tremendous challenge in helping
our prefesston fulfill its responsibilities to socicty.—"T.F.].




George W. Bailey

Executive Secretary

In recognition of his eighteen years of continuous devoted and dedicated service, the
Board of Directors of The Institute of Radio Engincers, on behalf of its members,
bestows on George W, Bailey, Exccutive Sccretary of the Institute, a Distinguished
Service Award in this yvear of 1962,

George W, Bailey has given unstintingly of his time, his cffort, his thought, and his
consistent devotion to duty during that period.

He has planned many of the administrative and operational procedures of the Insti-
tute while overcoming many anticipated or unforeseen difficulties and obstacles.

He has developed policies of wide scope, worked out details of procedures, and skill-
fully, and with unswerving determination, implemented and successfully carried
them out.

He Fas won the admiration and respect of the membership of the Institute, its Offi-
cers and Directors, and its correspondents as well as the esteem and cooperation of
leading governmental and industrial representatives.

He has created a great tradition of effectiveness and personal standing for his office
as lixecutive Sccretary, and has established valuable guidelines for those holding a
like office.

On this occasion of the year of the Fiftieth Anniversary of the Institute, the Board
ot Directors and Officers of The Institute of Radio Lingineers, on behalf of its members,
hereby unanimously express their personal esteem and official approval of his unusual
and valuable accomplishments and of his major and lasting contributions to the welfare
ot the Institute.

T'he foregoing resolution was adopted by the 1RI. Board of Directors at its meeting on
October 17, 1962, Upon the formation of The Institute of Flectrical and Electronics Iingineers
in January, 1963, Dr. Bailey will serve as Iixecutive Consultant.
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Scanning the Issue

Double Injecticn Diodes and Related DI Phenomena in
Semiconductors (lHolonyak, p. 2421)—Recent work on double
injection phenomena in insulators has shown that when the
injection level is increased bevond a certain threshold. the
naterial exhibits negative resistance. This work has opened
up a new ared of study which promises to he of major impor-
tance in the immediate future. This paper and the one that
follows give innple evidence why. The first paper presents a
considerable amount of new experimental data on double-
injection negative-resistance phenomena in gallium arsenide,
silicon, and germanium p-i-n diodes, and in particular de-
scribes many device possibilities inherent in this work. Among
them are a new low-voltage regulator in a voltage range not
presently available in zener diodes, a method of fabricating a
memory array of noninteracting elements on a single sub-
strate, a new class of photosensitive diodes. and higher power
microwave p-i-n switching elements. In addition to these
specific deviee developments, this work makes a notable con-
tribution to & subject of rapidly growing importance, namely,
plasma cffects in semiconductors.

The Mad:istor—A Magnetically Controlled Semiconductor
Plasma Device (Melngailis and Rediker, p. 2428)—Plasma
eflects in semiconductors, prominently mentioned in the pre-
ceding paper, once again take the center of the stage. And
once again the existence of a negative resistance region in a
suitably designed diode at high injection levels is crucial to
the operation of the devices under consideration. In the pres-
ent paper ar important new element is added, that of con-
trolling the position of the plasma inside the material by
means of an externally applied magnetic ficld. The result is
a new class of devices which the authors call “madistors.”
Novel dual-base and multiple-base structures are described in
which the plasma, and hence the output current, can be mag-
netically switched from one base contact to another to form
bistable Hip-tlops and multicontact stepping switches. Other
important types of madistors include a four-terminal ampli-
fier with an isolated input, and a variable gain transistor. It
is noteworthy that in all of these applications the magnetic
fields required is only about 10 gauss.

Design and Performance of a Broad-Band FM Demodu-
lator with Frequency Compression (Ruthroff and Bodtmann,
p. 2436)—1n the course of developing an extremely sensitive
receiving svetem for the Project Echo communication satel-
lite experiments, the designers utilized an old but almost-
forgotten technique of applying negative feedback to an FJ
receiver in order to improve its operating threshold. However,
there remained considerable uncertainty as to how and where
the threshold improvement set in, largely because of the non-
linear nature of the problem and the associated difficulty of
describing and analvzing it mathematically. In spite of this
difficulty, a theory for predicting the threshold was devel-
oped and published in the PrROCEEDINGS last January. The
present companion paper reduces the theory to practice and
offers interesting experimental veritication of the predicted
threshold improvement. In addition, the authors provide a
timely description of a demodulator intended for an inter-
continental  satellite communication  system  capable  of
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handling television or telephone serviee.,
Solid-State Display Device (Yando. p. 2445)-—By com-

bining certain unique properties of piezoclectric and clectro-
luminescent materials, a new method of scanning has been
developed for solid-state displays. The display device consists
of a thin, flat panel of piczoelectric material supporting an
clectroluminescent fayer. Voltage pulses, applied to a few
clectrodes on the periphery of the panel, produee clastic im
pulses which, as they travel across the piczoclectric panel. are
accompanicd by localized electric ticlds generated by piczo-
electric action. These fields interact with the Bl layer to
produce light. The configuration and size of the lighted area
can he controlled by the mode of application and relative
timing of the input voltage pulses to produce oscilloscope
patterns or television-type displays. The simplicity of the
structure and the novelty of the scanning method will make
this development of interest to many individuals concerned
with new ideas in the solid-state device and display field.

Switching Speed and Dissipation in Fast, Thin-Film
Cryotron Circuits (Mevers, p. 2432)—The development of
faster cryotron circuits has progressed to a point where it
becomes feasible to consider circuit time constants in the
nanosecond rather than the microsecond range. Simplifying
assumptions concerning switching speed and heat generation
which were adequate for analyzing slower eircuits are no
longer valid, The detailed properties of the components them-
selves produce effects which at higher speeds can no longer be
ignored. \While it has been generally recognized that these
limitations exist, there has been no detailed analysis of the
phenomena involved nor computation of the delay times pro-
duced. This paper deals theoretically witli these factors and
provides valuable and new calculations of the expeeted high-
speed switching behavior of film cryotrons. As such it will be
of high interest to crvogenic, magnetic amplifier, and com-
puter engineers, as well as switching theoreticians,

Properties of 400 Mcps Long-Distance Tropospheric Cir-
cuits (Chisholm, et al., p. 2464)-—"This paper presents the results
of an extensive program of UHF tropospheric propagation
research to explore the feasibility of extending the range of
transhorizon communications systems beyvond 400 miles to
possibly 800 miles. As a result of more than 16,000 hours of
measurements, a great deal of information was gathered for a
distance range where existing data was meager. The measure-
ments are valuable in their own right and are additionally
interesting because they provide some results which do not
seem to be indicated by present theoretical models or by ex-
trapolation of data for shorter ranges. Svstems engineers will
be especially interested in the performance reported for 120-
foot antennas at a 600-mile range.

Annual Index (/Follows page 2332)-—During this yvear ap-
proximately 600 technical papers and letters appeared in the
pages of the Proceenixgs. The 1962 annual index for the
PROCEEDINGS, containing listings by subject and by author,
appears at the end of the editorial section of this issue. The
index to the IR InTERNATIONAL CONVEXTION RECORD will
appear next month.

Scanning the Transactions appears on page 2531.
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Message from the President

Fellow Members of IRIZ:

It has been my privilege to serve you as your President during this the IFiftieth
and the last vear of our society in its present form. A very large part of my duties for
vou this vear have been concerned with the establishment of the TEEIL, whose cre-
ation vou have supported overwhelmingly by vote and deed. All of us, in working for
the establishment of the 1EILE, have done so with a single aim——to bring into being
a professional society superior to either of its component parts. IRIZ has been an
excellent organization, and it has served its members well, but we, the members of
IRE, are joining with the members of ATEE so that we may have an improved insti-
tute even better able to serve our profession and the greater society of which we are
all a part.

Let’s remember that after the first of the vear we are not members of IRE any
more but members of 1IEEL, and that it is the fact of the consolidation of our two
large societies which gives us this new opportunity to create a better society. But,
it is also a fact of that consolidation that we bring together two large groups of
engineers whose methods of operation and traditions have been somewhat different,
and that now we will be working together in a new environment with new methods of
operation, different in many respects from those in either of the predecessor societies.
Alittle patience and a lot of common sense will make the first yvear or two of transition
much smoother. [t will take a few vears to gain all the benefits from our consolida-
tion, but if we work toward this during 1963, 1 know we will find the most difficult
problems of transition out of the way by the end of the year. We are extraordinarily
fortunate to have as the first President of the consolidated society the extremely
competent Dr. Ernst \WWeber, and surely in Mr. Donald Fink we have found a man
whose background capabilities and qualities are exactly those needed by the 1EERs
General Manager. No professional society could expect finer leadership, but even,
with such leadership, HEIZE can be no stronger than we, its members, make it.

As for me, | look back on the tasks of this Golden Anniversary vear with humility
because there is still so much to be done, and yet with pride in the accomplishments
yvou let me share.

Sincerely,

P. E. Haggerty
President

December



1962

PROCEEDINGS OF THIZ IRLE

Double Injection Diodes and Related DI

Phenomena in Semiconductors®

NICK HOLONYAK, Jr.§, SENIOR MEMBER, IRE

Summary—Experimental studies of double injection (DI) nega-
tive resistance phenomena in GaAs, Si, and Ge are presented. V-I
characteristics, switching, trapping, and photosensitivity properties
of GaAs DI p-i-n diodes, fabricated by diffusion and alloying proc-
esses on semi-insulating crystals and in other cases fabricated via
epitaxial processes with Cu-doped i regions, are described. Similar
studies and data are presented on Si DI p-i-n diodes prepared via
diffusion and or alloying processes. Silicon DI p-i-n diodes are
described which have been doped with various deep level impurities
such as Au, Zn, Cd, or Co and which, depending upon the kind and
concentration of deep level impurities, display a wide range of
behavior including useful photosensitivity, switching, and voltage
regulation properties. Brief mention is made of Ge DI p-i-n diodes
fabricated on n-type crystals counter-doped with Cu, Fe, Ni, Co, or
Mn. A comparison is made between experimental results and current
theories of double injection effects. As might be expected, existing
theories do not completely account for the experimental situation,
¢.g., breakdown to constant voltage in certain units and phenomena
which seem closely related to plasma effects. In addition to various
practical implications, including possibilities for a noninteracting
diode negative resistance matrix, low voltage regulator diodes,
photosensitive charge-storage diodes, and higher power microwave
switching p-i-n diodes, the significance of deep level doping and
possible and actual effects (c.g., secondary switching effects) on
epitaxial Si devices are described. The use of DI phenomena for
study of deep level impurities and their properties is made apparent
as well as the further possibilities inherent in Hall’s now 12 year-old
p-i-n diode.

INTRODUCTION

S POINTED OUT by Hall! over ten vears ago,
current in the forward direction in a p-i-u diode
is carried by recombination of electrons and holes

which are injected from cither side into a relatively
thin, neutral 7 region. In p-/-i structures consisting of
semi-insulating” (8f) intermediate regions of large di-
mensions relative to a diffusion length, current (low-
level) can be carried in the forward direction in large

part by space-charge-limited-emission  processes. At

higher current levels, as indicated by Lampert ! bevond

* Received July 20, 1902; revised manuseript received Septem-
ber 29, 1962, This work was partially supported by the Electronices
Research Divectorate, Air Foree Cambridge Research Center, Con-
tract No. AF 19(004)-6623. Much of the material of this paper was
presented at the TRE-ANEE Solid Swate Device Research Conference,
Eniversity of New Hampshire, Durham, No Ho: July 9-11, 1962,

t Advanced Semiconductor Laboratory, Semiconductor Products
Department, General Electric Co., Syracuse, NU Y

URLNL Hall, “Power rectifiers and transistors,” Proc, IRE, vol.
40, pp. 1512-1518; November, 1952, US. Patent No. 2,994,018;
Judy 20, 1961,

2 C. L Gooch, Co Hilsum and B. R. Holeman, “Properties of
~semi-insulating Gas,™ J. Appl. Phys., vol. 32, pp. 2069-2073;
October, 1961,

S MO AL Lampert, “The role of injecting contacts in photocon-
ductors,™ J. Phys. Chem. Solids. vol. 22, pp. 189-197; December,
1961.

S M. AL Lampert, “Double injection in insulators,” Phys. Rev.,
vol. 125, pp. 126- 141; January, 1962,

a certain threshold voltage double injection can result
in a significant increase in lifetime in the 7 region (or
si region) and cause the diode to exhibit negative re-
sistance, as in effect, the 1 region becomes conductivity
modulated. Stafeev ™" and
dicted and presented experimental contirmation, at low

ILarlier, co-workers pre-
temperatures, of the existence of a negative resistance
in “long”™ Ge diodes in which single carrier injection in-
creased lifetime. Sull carlier Tyler® observed a switch-
ing effect at low temperatures in Fe-doped Ge which can
be satisfactorily explained by Stafeev’s work, or now
perhaps better by Lampert’'s model and the expert-
mental results and interpretations which are presented
below. Finallv, Melngailis and Rediker® have obtained
experimental results on InSbh “long” diodes at low tem-
peratures which in general confirm Stafeev’s theories,
and Holonvak, e al.,'" have presented experimental
evidence confirming some of the main features of Lam-
pert’s model.

In this paper we shall describe room temperature ex-
perimental results on GaAs, Si, and Ge p-i-n (or
p-xi-n) diodes which extend the work described above
and which also bring to hight a number of problems not
adequately resolved by any of the current theories. A
number of the practical implications and new applica-
tions made possible by this work are discussed also. In
the interest of convenience, and because his theory fits
our experiments reasonably well, we shall deseribe our
results below mainly in terms of Lampert’s model.

DouvsLe INJECTION

Lampert considers double injection in an insulator
(semi-insulator, which can be assumed to be in the
form of a p-i-u diode) with an assumed acceptor recom-
bination level g somewhat below the Fernmi level so
that at equilibrium electrons fill the level. He assumes

5 AL AL Lebedev, VL Stafeey and V. M. Tuchkevieh, “Some
properties of gold-doped germanium  diodes,”™ Soviet Phys.—Tech.
Phys., vol. 1, pp. 2071-2080; October, 1957.

S\ L Stafeey, “Modulation of diffusion length as a new principle
of operation of semiconductor devices,” Sowiet Plivs.—Solid State,
vol. 1, pp. 763-708; December, 1959,

"N\ L Stafeev, *Photoconductivity in semiconductor diodes in-
duced by carrier lifetime changes,™ Sowviet Phyvs.- -Selid State, vol. 3,
pp. 1829-1833; March, 1962,

SAWLWL Tyler, *Injection breakdown in iron-doped germanium
diodes,™ Phys, Rev., vol. 96, pp. 226-227; October, 1954,

* 1. Melngailis and R, H. Rediker, “Negative resistance InSbh
diodes with large magnetic tield effects” J. A ppl. Phys.. vol. 33, pp.
1892--1893; May, 1962,

WNL Holonyak, Jr., S0 W, Ing, Jr, R.C. Thomas and S, 1
Bevacqua, “Double mjection with negative resistance in semi-insu-
lators,™ Phys. Rev. Lett., vol. 8, pp. 426-428: Juue 1, 1962
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further that the hole capture cross section o, is consider-
ably larger than the electron capture cross section o, of
the recombination centers. When sufficient voltage is
applied so as to inject electrons and holes into the in-
sulator, a “recombination barrier” prevents holes (be-
ause of low lifetime, and diffusion length shorter than
the i-region length 1F) from contributing appreciably
to the current. Hence, initally only a small space-
charge-limited-emission electron current is observed. At
a critical threshold voltage V4, such that the hole
transit time across the insulator (or ¢ region) is of the
order of the low-level hole lifetime, meaning holes can
traverse the ¢ region before recombining, the current
increases through a negative resistance region until the
voltage attains a minimum value,

l.,\I ~ (au/ap) l,I/‘v (1)

at which point begins the “semiconductor regime.” At
the onset of the negative resistance region holes, first
near the p region, depopulate the recombination centers
of clectrons and tend to fill the centers with holes, so
that finally for each arriving electron one hole is anni-
hilated and

1
Tp, high = Ty, high = _ o (2)
i',,U,,.\ r
In other words, the hole lifetime increases from
1
Tp, low = 7 . (;)
'L‘,,U,,.\ R

to T, nieh. -\ more current is applied this phenomenon
sweeps across the insulator and in effect converts the
insulator into a semiconductor, just as though the Vg
acceptor levels were actually donors and contributed
Ny electrons to the conduction band, At this point, ac-
cording to Lampert's model, the diode begins to ex-
hibit positive resistance. The assumption is made on
theoretical grounds that the current increases as a power
of voltage, presumably in accordance with older the-
ories of space-charge-limited emission. As will be seen
below, experimental observations at moderate current
levels do not necessarily support the last assumption
above, nor do they necessarily support (1) for the
minimum voltage alter switching.

EXPERIMENTAL PROCEDURE

Many of the effects described above and other re-
lated effects have been observed in semi-insulating
GaAs? (10° to 107 ohm-cm), in epitaxially grown GaAs
p-si-n diodes in which the si region is copper-doped, in
high purity Si doped with Au (~10°* ohm-cm) and »-
type Si counter-doped with deep levels such as Au, Zn,

"N Holonvak, Jr., D. C. Jillson and 8. F. Beviequa, “Halogen
vapor transport and growth of epitaxial lavers of intermetallic com-
pounds and compound mixtures,” in “Metallurgical Society Confer-
ences,” John Wiley and Sons, Ine, (Interscience biv.), New York,
N. Y., vol. 15, pp. 49-59; 1962,
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Cd, or Co, and in n-type Ge counter-doped with Cu, I%e,
Ni, Co, or Mn. P-i-n (or p-si-n) diodes were fabricated
on these materials by conventional alloving processes,
combinations of diffusion and alloying of junctions, and
by all-diffusion procedures.” Various measurements
were performed on the diodes including examination
of the V-1 characteristics, change in V-1 characteristics
as a function of illumination, photoresponse as a func-
tion of wavelength (to determine I, where possible),
some pulse and diode recovery measurements, and
some qualitative aspects of magnetic effects.

DounLi INJECTION IN GAAS

The V-1 characteristic of a typical GaAs p-si-n diode
is shown in Fig. 1 with 1) the diode in room light and
2) the diode illuminated with a microscope lamp. The
diode whose characteristic is shown in Fig. 1 consists of
a thin Mn-diffused degenerate p region in a mesa con-
figuration on a s/ GaAs substrate. A ball-alloyed tin
dot on the p+ region gives rise to a reverse-biased tun-
nel junction which acts as the “ohmic” contact to the
mesa p~+ region. Near the mesa, on semi-insulating
(s1) GaAs, another tin dot forms the n+4 region of the
p-si-n diode. In diodes fabricated in this manner fre-
quently another n4 region, and a second p-si-n diode
with a common p+ region, is formed by alloying the
mesa structure down on a metal plate with an alloy
doped with tin.

The V-1 characteristic shown in Fig. 1 1s much as
would be expected from Lampert's model. Other similar
units, depending upon si-region thickness, have ex-
hibited maximum pre-breakdown voltages of over 200
and ratios of minimum to maximum voltages as low as
0.25. Measurements of diode breakdown voltages and
diode thicknesses indicate fields at breakdown near
2000 v/cm, clearly much less than the fields required
for conventional avalanche or for tunneling. As is evi-
dent from traces 1) and 2) in Fig. 1, an applied potential
of the order of one volt is required before the barriers at
either end of the diode are lowered sufficiently to allow
appreciable injection. Curve A) of Fig. 2 shows that the
unit of Fig. 1 displays a space-charge-limited pre-
breakdown current almost proportional to V2, Curve B)
of Fig. 2 shows the prebreakdown V-1 characteristic of
another unit (Zn-doped p+ region and some copper con-
tamination of the si GaAs) which obeys the 172 depend-
ence.

The V-1 trace labeled 2) in Fig. 1 shows that illumina-
tion tends to lower the breakdown voltage, i.e. light
tends to move the diode toward the semiconductor re-
gime. Light tends also to increase the pre-breakdown
current as would be expected if traps play a role in gov-
erning the magnitude of the space-charge-limited cur-
rent. 1t should be mentioned that the light sensitivity
of these diodes, and similar diodes in Si and Ge, is much

2 Planar diffused, epitaxial Au-doped double injection diodes
were supplied by T, R. Selig and C. O. tHull.
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greater in the forward than in the reverse direction. This
suggests many interesting applications, including de-
vices with photoluminescent or other optical inputs and
double injection negative resistance outputs.

At low currents in Gas one frequently sees a hystere-
sis loop on the \ -1 curve retrace, where again the device
tends to stay in the semiconductor regime. This is
thought to be due to secondary traps or levels which are
not accounted tor in Lampert's model but which are
known to exist 1n the experimental structures. This is
evident in the light sensitivity of the space-charge-lim-
ited pre-breakdown current and is evident also from
units of the tyvpe shown in Fig. 3 in which the diode
switches a second time through a negative resistance re-
gion (at higher currents) down to a second voltage
“mimimum.” These data show that many levels may
take part in the operation of double injection diodes.
Some levels may legitimately take part in causing a
change in hifetime and switching: others may better
play the role of traps.

Measurements of the photoresponse of these diodes
all lead to a sharply increasing signal output in the
range (rom 0.5 to 0.8 e\, in spite of the fact that the in-
frared source intensity in this range decreases mono-
tonically. Hence, these measurements are taken as giv-
ing a reasonable estimate of the energy Fp Most si
GaAs used in these measurements lead to a value of 0.7
to 0.75 ¢\" (below the conduction band) for g, con-
sistent with previous estimates of the level which is re-
sponsible for s/ Gas.? Mn-doped units give a value
nearer to 0.6 ev. In some units a second level occasion-
allv is obscerved near 1.0 ev, a level perhaps due to heat
treating or contamination effects incurred in diode fab-
rication.

For a GaAs double injection diode with side-by-side
p+ and n4 regions on one surlace, as described previ-
ously, and with an applied magnetic fiecld oriented to
deflect hole current deeper into the ervstal waler, a
ficld strength of ~35 kG shifts the entire V-1 trace to
higher voltages, to roughly double those with no field.
A somewhat lesser shift 1s observed with reversed mag-
netice field. In both cases the shape of the V-1 character-
istic is preserved. According to Lampert's model *+¥ the
breakdown voltage and minimum voltage are dependent
on the length of the 1 or s/ region. Thus, deflecting the
current path and changing recombination properties,
particularly near the surface, with magnetic field can
account for muuch of the high magnetic sensitivity of
these diodes.

Before describing the results obtained on Si, we should
remark that selected Gals p-si-n diodes grown by epi-
taxial procedures with Cu-doped s/ regions'' exhibit
double ingection negative resistances at low tempera-
tures. These diodes typically exhibit room temperature
space-charge-limited currents proportional to voltage to
a power 2.5 to 3.5.' but exhibit no negative resistance
(unless cooled). This might be expected since many cop-
per levels are relatively close to the band edges and are

Holonyak: Double Injection Diodes
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Fig. 1—Daouble injection negative resistance p-i-n (p-si-n) diode
fabricated on semi-insulating Ga\s. XMuo-diffused p4 region
Sn-alloved w4 region: 13 Diode in room light, 2) Diode illumi
nated with microscope lamp.
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DIODE POTENTIAL (PRE-BREAKDOWN) IN VOLTS

IYig. 2—Pre-breakdown SCLL, V-F characteristics of Gas p-i-,
double injection negative resistance diodes: \\) Mn-diffused p+
region (814°C, 40 min, 6 mg Mn, 5 mg A=), Sn-alloyved »d
region; B) Zn-diffused p+ region (760°C, 14 min, 4 myg Zn, 5 ne
A=), Sn-alloved n+ region.

0.5 mA/ Div.

2 Volts /Div.
GaAs (300°K)

IYig. 3—Double injection negative resistanee p-i-n diode fabricates
on semi-insulating Gas (Monsanto V-456), Zn-diffused p
region (760°C, 14 min, 4 mg Zn, 6 mg \As), Sn-alloved n+ region
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casily ionized thermally. The V-1 characteristics and
structure observed in these diodes (at low temperatures)
are varied and complicated, and frequently exhibit
multiple switching and trapping effects as well as unex-
pected oscillations (even in regions in which the V-1
characteristic has positive slope).

DoUvBLE INJECTION IN SILICON

Auch of what has heen said above concerning GaAs
double injection diodes applies in a general sense to Si
units. FFor example, IFig. 4 shows the V-1 plots of three
silicon double injection diodes in the low current region
below breakdown. Since the diodes represented by
curves A) and B) are planar passivated units, they per-
haps most indicate the true state of affairs in double in-
jection. That is, these units are not plagued with varia-
ble surface conditions and, just as GaAs, exhibit a SCL
current proportional to V2 up to a point reasonably close
to breakdown. The fieldsin the si region at breakdown in
Si, again like GaAs, lie in the range from 10% to 100 v/cm.

Figs. 5 and 6 (next page) show the characteristics of
two somewhat different Au-doped Si double injection
diodes. The diode of Fig. 5 was fabricated by allowing
p+ and n+ regions on opposite sides of relatively high
purity Si which was melt-doped with Au  (final re-
sistivity ~10° ohm-cm). Fig. 6 is the characteristic of a
planar-epitaxial p+n n4diode in which the initial
n-region resistivity was ~1 ohm-cm and was com-
pensated (by diffusion) to high resistivity with ~2X10'
Au atoms cm. The light sensitivity of the first unit in
the forward direction is evident [trace 2]. Both units
switch through the negative resistance region to a region
of lower voltage which tends to hold constant over a
very large current range, and in neither case tends to
show a current increase (in the “semiconductor regime”)
proportional to 12 (ar %) at moderate current levels.
Rather, the behavior in this region is much like the con-
stant voltage region of a gas tube, and like a gas tube
suggests that these diodes would he useful for voltage
regulation in the range from 1 to § volts, which are
typical voltages observed in various experimental units.

The magnitude of the constant voltage following
breakdown appears to be more a function of the deep
center (Au) doping concentration than of ¢,/¢, and is
consistent with recent work of Gibbons and Reddi'® on
high-field breakdown in Au-doped silicon in the absence
of double injection. The fact that the voltage alter
breakdown is dependent upon concentration of deep
levels is perhaps better illustrated by the V-1 char-
acteristics of Fig. 7, which were taken on a unit fabri-
cated on 100 ohm-cm n-type Si counter-doped to higher
resistivity with Co. The diode of Iig. 7 switches
through the negative resistance region to a voltage typi-
cal of that of a normal forward-biased silicon p-i-n diode.

13 ], F. Gibbons and V. G. K. Reddi, “Electrical Breakdown Phe-
nomena in Gold-Doped Silicon,” presented at [RE-AIEL Solid
State Device Res. Conf., University of New Hampshire, Durham;
July 9-11, 1962,
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In this case no 12 (or 173) SCL current dependence is ob-
served following breakdown (semiconductor regime).
Because of the weak background donor doping in a 100
ohm-cm n-type crystal, in the example of I¥ig. 7 we can
not be certain that the deep levels responsible for double
injection switching are due to Co, or other contaminat-
ing impurities or complexes introduced during diffusion
of Co into the diode wafer. Nevertheless, the fact re-
mains that double injection switching occurs in lightly
doped, Co-diffused n-type samples from the higher volt-
age SCL region down to the voltage of the usual for-
word-biased p-i-n diode. Complete switching of the type
described implies that (1) does not properly account for
the behavior of DI diodes possessing a low concentration
of deep level impurities. Finally, in Fig. 7 we see from
the leads to a V-1 characteristic which resembles that of
the usual p-i-n diode.

Not all deep levels which might be selected for double
injection diodes give equal or equivalent behavior. For
example, higher light sensitivity in Si units may be ob-
tained with a multilevel impurity like Zn (or Co) which
is introduced into the lattice in concentration just over
half of that of the background shallow donor concentra-
tion [3]. Iig. 8 shows the V-1 characteristics of a double
injection diode prepared on 0.25 ohm-cm #z-type Si-
doped by diffusion with Zn to approximately 2 X 10
atoms/cm.? The V-I characteristics were traced with a
60 ~signal and on the ascending portion of the signal
gave the trace labeled 1), and on the descending portion
the trace labeled 2). The effects of trapping are clear. If
the tracing signal is allowed to drive the diode in the
reverse (and forward) direction, increasing the signal
magnitude results in an increased breakdown voltage,
consistent with the fact that reverse bias helps to empty
traps. Light (optical injection) causes the diode to
switch all the way to the characteristic of a normal for-
ward-biased p-i-n diode, and eliminates all signs of
trapping. Comparable Au-doped units are not as light-
sensitive, do not usually switch down very far in voltage,
and do not exhibit as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>