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ADVERTISEMENT

SERIES NO. 7

On a recent development program for the Hallicrafters Company, Dick
Domchick and Bob Sleven of our Department of Applied Electronics faced
the old problem of chanellizing a wide-frequency band with minimum
adjacent channel interaction. In spite of extreme skirt selectivity require-
ments, a reasonably compact and inexpensive solution was found.

Waveguide Channelizing Filters

We have recently developed an X-band
channel separation filter array. The per-
formance and the approach used proved to
have many interesting aspects. The array
consists of 40 waveguide bandpass filters and
associated crystal detectors in the 8.5 to 11
Kmc range. The nominal 3 db bandwidth of
each bandpass filter is 63 Mc with cross-
overs that are 3 db or better. Performance
(cross-over characteristics and filter inser-
tion loss) obtained was superior to that
previously realized with TEM structures
such as coaxial or strip transmission lines.
This is due to the inherently higher res-
onator 's and the ability to hold closer
tolerances. Although 8-section maximally
flat filters were used, the design and fabrica-
tion techniques are applicable to a wide
range of multi-channel systems requiring
different numbers of channels and different
filter responses, Waveguide branching filters
can be made lightweight and can, with care-
ful design, be of reasonable size. This article
will describe design, fabrication and per-
formance of the X-band filter assembly and
will then indicate the procedure by which
other frequency channelization requirements
can be realized.

Figure |

A photograph of the complete 40 channel
filter assembly is shown in Fig. 1. Each
filter consists of eight direct coupled wave-
guide resonators. The length of the resona-
tor is approximately one-half guide wave-
length (about 1”) at the filter center fre-
quency. Coupling between resonators is ob-
tained by means of circular irises except that
the input and output couplings require in-
ductive slits. The couplings are chosen to
give a maximally flat amplitude-frequency
response. The couplings in most cases are
calculated from formulas in reference 1.
Slight corrections were made from design
data available at AIL. The input coupling
is specially tailored in order to give a good
feedline characteristic. To obtain a good
feedline characteristic, it was necessary to
isolate adjacent frequency filters from each

4A WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE
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Figure 2. Channelizing Filters Using a Hybrid Junction

other. Since it was possible to accept an ad-
ditional 3 db insertion loss, advantage was
taken of this fact by utilizing a waveguide
hybrid. Feedlines were attached to the
coupled arm of the hybrid and isolation was
obtained by alternating adjacent frequency
filters on the two lines. This arrangement
makes it possible for filter n not to see the
cross-over impedance of filters n*+1 re-
flected into it. It was therefore possible to
obtain at the cross-overs a characteristic
which was essentially independent of adja-
cent filters, All filters were coupled off the
H-plane of the waveguide feedline. The re-
sponse of the feedline was checked by meas-
uring the SWR of each filter at the frequency
of the next one on the particular feedline.
This was found to be reasonably low; ap-
proximately 1.5 to 1 or better. A plot was
made of all filter channels. Except for some
ripple, which in all cases was well under 3
db, we find that the cross-overs were also
3 db or better. The hybrid therefore serves
the purpose of giving true passhand charac-
teristics for each filter and simplifies both
the feedline design and the tuning of the
filters. The results obtained in this filter as-
sembly indicate that it is capable of exten-
sion to a greater number of channels. In par-
ticular, if the channel separations were nar-
rower it would also be possible by using
looser input coupling to each filter to have
an even smoother feedline characteristic.
The design of this filter assembly is, in most
instances, based on calculated couplings and
involves a minimum amount of experimental
work

Tuning of each filter was provided by
means of screws placed on the E-plane of
each waveguide resonator. The filters were
tuned using the Dishal procedure (reference
2). The filters were connected to waveguide
feedlines which had H-plane openings and
mounting holes placed at each filter position.
We have found that with the hybrid feedline
technique the spacing of one filter relative
to the next is not critical. Tt is therefore

o hoine b

possible to tailor a filter array to suit a
variety of packaging considerations. In ad-
dition to achieving good feedline character-
istics, the insertion loss of each filter was
low. Loss due to each filter was approxi-
mately 2 db. The loss of the overall channel
was, however, in the vicinity of 8 db. The
additional 6 db is due to power splits in the
hybrid and the feedline termination. This
loss has not been a disadvantage in this ap-
plication.

Waveguide filter assemblies offer a means
of obtaining excellent cross-over character-
istics; low insertion loss, and reliable, ac-
curate, inexpensive fabrication. In X-bhand,
and above, size is usually no problem. In
waveguide sizes below X-band it would be
necessary, if size were important, to use
non-standard waveguide for the filters. Sig-
nificant volume savings can be made using,
for example, half or quarter height wave-
euide. This would make waveguide filter
assemblies competitive in size to TEM struc-
tures for frequencies above 4 Kmec. In §-
band, the assemblies are useful if space is
not the major consideration. The tech-
niques described are perfectly general, in-
volve a minimum of experimentation and
sufficiently suited for other frequency chan-
nelization requirements. Minimum develop-
ment and production time allow for quick
delivery. It is felt that many systems now
in operation can he significantly improved
in both performance and reliability by
switching over to filters of this type.

REFERENCES

I. N. Marcuvitz, ‘“‘Waveguide Handbook,” MIT Radi-
ation Lab Series, Vol, 10, McGraw-Hill, 1950.

2. M, Dishal, ‘“‘Alignment and Adjustment of Syn-
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ters,”” Milton Dishal, Proc. IRE, Nov. 1951, p. 1448
to 1455.
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coating serves as insulation as well as protection against moisture and 22 840

mechanical damage.
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delivery. For detailed specifications, write for Engineering Data
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Company, 235 Marshall Street, North Adams, Massachusetts.
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A GIANT RADIO HIGHWAY
IS PERFECTED FOR TELEPHONY

A radio relay system operating at 6 billion cycles per second and able to
transmit 11,000 voices on a single beam of microwaves —several times as
many as any previous system—has been developed at Bell Laboratories.
Utilizing the assigned frequency band with unprecedented efficiency, this
new, heavy-traffic system was made possible by the development and
application of new technology by Bell Laboratories engineers and scientists.

For example, they arranged for the waves in adjacent channels to be
polarized 90 degrees apart, thus cutting down interference between
channels and permitting the transmission of many more telephone con-
versations in the same frequency space. They developed ferrite isolators
to suppress interfering wave reflections in the waveguide circuits; and
a new traveling wave tube that has ten times the power handling capacity
of previous amplifiers and provides uniform and almost distortionless
amplification of FM signals. They devised and applied a new high-speed

diode switching system which instantly switches service to a protection
channel when trouble threatens.

To transmit and receive the waves, the engineers applied their in-
vention, the horn-reflector antenna. Elsewhere, this versatile antenna
type is brilliantly aiding space communication research in the recep-
tion of radio signals from satellites. For radio relay, a single
horn-reflector antenna can efficiently handle both polarizations of
the 6000 megacycle waves of the new system; at the same time it

can handle 4000 and 11,000 megacycle waves used for existing

radio relay systems. Thus it enables all three systems to share
economically the same radio towers and routes.

Produced by the Bell System’s manufacturing unit, Western
Electric, the new system is now in operation between Denver
and Salt Lake City, and will gradually be extended from coast
to coast. This new advance in radio technology is another example

of how Bell Telephone Laboratories works to improve your
Bell communication services.

BELL TELEPHONE LABORATORIES

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

WRITE FOR ENGINEERING BULLETIN 7010B

SPRAGUE ELECTRIC COMPANY

235 MARSHALL STREET « NORTH ADAMS, MASS.

THE MARK OF RELIABILITY

Made to far exceed MIL-R-10509C Specifications

SPRAGUE COMPONENTS:
CAPACITORS + RESISTORS » MAGNETIC COMPONENTS « TRANSISTORS « INTERFERENCE FILTERS « PULSE NETWORKS
HIGH TEMPERATURE MAGNET WIRE +» CERAMIC-BASE PRINTED NETWORKS e PACKAGED COMPONENT ASSEMBLIES

7A

PROCEEDINGS OF THE IRE Jonvory, 1961



r Meetings A’%

with Exhibits

® As a service both to Members and the
industry, we will endeavor to record in this
column each month those meetings of IRE,
its sections and professional groups which
include exhibits.

A
February 1-3, 1961
Second Winter Convention on Mili-
tary Eleetronices, Biltmore Hotel, Los

Angeles, Calif.

E I e C t r 0 n i C S C 0 r p 0 r a ti O n [ Exhibits: Mr. John Francis O’Halloran,

O’Halloran & Associates, 11636 Ven-
tura Blvd., North Hollywood, Calif.

philadelphia and new york |

March 20-23, 1961

International Radio and Eleetronies
Show and IRE International Con-
vention, Waldorf-Astoria Hotel and
New York Coliseum, New York, N.Y.

Exhibits: Mr. William C. Copp, Institute
of Radio Engineers, 72 West 45th
Street, New York 36, N.Y.

April 19:21, 1961
SWIRECO, South West IRE Re-

gional Conference & Eleetronics

Show, Dallas, Tex.

Exhibits: Mr. R. W. Olson, Texas Instru-
ments, Inc., 6000 Lemmon Ave., Dallas
9, Tex.

April 26-28, 1961

Seventh Region Technical Confer-
ence and Trade Show, Westward Ho
Hotel, Phoenix, Ariz.

Exhibits: Mr. G. J. Royden, 912 W.
Linger Lane, Phoenix, Ariz.

May 8-10, 1961

National Aerospace Eleetronies Con-
ference (NAECON), Miami & Bilt-
more Hotels, Dayton, Ohio

Exhibits: Mr. Edwin P. Turner, Wright
Patterson Air Force Base, Dayton,
Ohio

May 9-11, 1961
Western Joint Computer Conference,
Ambassador Hotel, Los Angeles, Calif.

. . Exhibits: John I1. Whitlock Associates,
Senior scientists 253 Waples Mills Road, Oakton, Va.

pacing the progress of ' May 22-24, 1961
Fifth National Symposium on Global

INFORMATION TECHNOLOGY Communications (GLLOBECOM
V), Sherman Hotel, Chicago, Ill.
with total capabzlity in Exhibits: Mr. Robert Hajek, Commtro-
. . nix Engineering, Box 62, Riverside, I1l.
o Systems Engineering
. May 22-24, 1961
® Equlpment Devaopment | National Telemetering Conference,
! Sheraton Towers Hotel, Chicago, Tll.
Exhibits: Mr. Frank Finch, 795 Gladys
Ave., Long Beach 4, Calif.

o Product and Market Planning

1634 Arch Street June 68, 1961
. A Armed Forces Comnmnications &
Phlladeh)hla 3: Pa. Electronics Show, Sheraton Park and

Shoreham Hotels, Washington, D.C.

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

For an interesting future in Information Technology, send your resume. (Continued on page 114)
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IKAY AUDIO SPECTRUM ANALYZERS

PERMANENT RECORDS

DISPLAY NO. 1

Frequency

Time

Frequency & Amplitude
47

— 127

DISPLAY NO

ve  Time.

record on facsimile paper.

.2

Kay Audio Analyzers employ a magnetic medium on which a selected (08
to 20 second) sample of a signal—transient and steady state—can be re-
corded and analyzed in a heterodyne type frequency analyzer. Both narrow
and wide bandpass filters are available to emphasize either frequency reso-
lution or time resolution. The permanent visual records are made on current
sensitive facsimile-type paper.

wav SoA-Graph

® Easily stored, permanent
magnetic disc recording
The Sona-Graph Model Recorder is a new audio spectrograph for sound and
vibration analysis. This instrmment provides forr permanent, storable records
of any sample of audio encrgy in the 85-12,000 cps range . . . the three visual
displays made by the Sona-Graph 661-A plus an aural record made on a 12"

MODEL RECORDER
Catalog No. 662-A

® 85-12,000 cps or re-usable

Frequency

Frequency Range: 83 cps 10 12 kc in two
smtchcd bands. 85 cps to 6 ke and 6 kc to
12 k

l'requenf_v Response: =+ 2 db over entire
frequency range. Flat or 15 db high-fre-
quenty pre-emphasis in lower range.

Intensity

Intensity vs Frequency at Selected

Time. Range: 35 db, Plastic-base

Recording Medium: magnetic

DISPLAY NO. 3

® Two separate channels for simul-
taneous recording of two signals.

db

[

]

2 Frequeney Range: Standard models, 5-15.000

— cps, in bands listed below.

o Analyeing Filter Band

E Duration

< Recorded
Freq. Range Narrowwe  Wide Sample
5-500 cps 2cps 20 cps 24 seconds
15-1500 ¢ps 6 cps 60 cps 8.0 second-
50-5000 cps 20cps 200 cps 2.4 seconds
150-15,000 cps 60 cps 600 cps 0.8 seconds

Average Amplitude ve Time. Loga

rithmic scale. 24 and 34 Jdh ranges. Record-Reproduce Amplifier Characteristics:

vew seav, Missilyzer

plastic-base magnetic disc which can be stored with the visual records.
SPECIFICATIONS

disc that can be removed and stored, or erased
and re-used.

Analyzing Filter Bandwidths: 45 and 300 cps.
Reeording Time: Any selected 2.4 second
interval of any audio signal within frequency
range.

Price: $2950.00 f.o.b. factory. $3245.00 f.a.s.,
New York.

5-15,000 cps
Catalog No. 675

® Remote control of recording and re-
producing channel selectors.

The Missilyzer is a wider range speetrum analyzer providing two identical
channels for the simultaneous rec ording of two related signals. Built-in fast
acting relays permit rapid automatic remote control.

SPECIFICATIONS

Frequency response switchable to provide FLAT
or (for transducer usage) either 44-db or 60-dh
falling characteristic.

Frequency Calibration: Calibration wmarkers at
30 cps or 240 cps intervals may be recorded on
analysis paper.

tnput  Impedances, Selectable: High, 1.8
Megohms l{;r low level and microphone input.
l.ow. for high level signals. such as from tape
recorders.

Price: $2930.00 f.o.b. factory
New York.

$3245,00 f.a.s..

WAY SUNA~GIAPH cacies so. sora

An audio spectrograph in the 85-8000 cps range makes three
permanent visval records,

SPECIFICATIONS
Frequenecy Range: 85-8000 cps.
Analyzing Filter Bandwidths: 45 and 300 cps.

Frequency Range:
Frequency Calibration:
he recorded on analysis paper.

Record-Reproduce Awplifier Characteristics:

KAY Vibfd/ch’I‘® Catalog No. 651-A

An audio and sub-audio spectrograph in the 5-4400 cps range
makes three permanent visuval records.

SPECIFICATIONS

3-4400 cps in 3 bands.

Markers at 30 cps or 240 cps intervals may

Frequency re~ponse

Recording Time: Any selected 2.4 sec, interval of any audio signal
within frequency range.

Record-Reproduce Amplifier Characteristics:
frequency pre-emphasis for voice studies.
Microphone: Altec-Lansing 633A dyvamic.
Input Impedance: 30 olims.

Price: $2,450.00 f.o.b. factory, $2.695.00 f.a.s., New York.

Flat or 15 db high-

Write For
Complete
Catalog
Information

switchable to provide FILAT (or for transducer usage) 44 or 60 db
falling characteristic.

Pickup Devices: Vibration pickups:
matched devices may be used.
laput Impedance: H:igh, 1.8 megohms.

Input Signal Sensitivity: Approx, 3 mv rms for full scale operation.
Price: $2495.00 f.o.b. factory. $2745.00 f.a.s., New York.

microphones or other properly

KAY ELECTRIC COMPANY

Dept. I-1, Maple Avenue, Pine Brook, N.J., CApital 6-4000
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ET A-HEAD

think
small...

At Burnell & Co., our engineers
devote a big part of their thinking to
shrinking—reducing the size (and cost)
of components to the least common
denominator consistent with high per-
formance standards. From this staff have
come such components as:

The Kernel ATE Adjustoroid®—
This variable toroid contains an actual
complete toroid with all the excellent
characteristics of the non-adjustable
type. Valuable in oscillators, discrimi-
nators, variable tuned circuits, etc.

MLP. and MHP MICROID ® Filters
— Microminature counterparts of the
popular Burnell TCL and TCH low pass
and high pass filters, they range from
.5 ke to 100 ke with a standard imped-
ance of 10k ohms. Cascading the MLP_
with the _MHP produces excellent re-

sponse band pass characteristics.

“Cheerio” Toroids — Subminiature
high Q coils in a range of frequencies
that make them ideal for transistorized
equipment.

Crystal Filters—Advanced engineer-
ing techniques enable Burnell to offer at
nominal cost, high selectivity, high
attenuation crystal filters covering the
extraordinary range of 1 ke to 30 mcs
with considerable latitude in impedance.

Pulse networks, interference filters,
active networks and magnetic amplifiers
are among the newer additions to our
product line.

Write for latest catalog.

Burnell & Co., Inc., has a number of
positions available for engineers capable
of thinking big and shrinking small,
Inquiries are invited.

If you haven't aiready done so—send for your free membership in the Space Shrinkers Club.

PIONEERS IN microminiaturization OF
TOROIDS, FILTERS AND RELATED NETWORKS

10A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

EASTERN DIVISION
DEPT. P-30

10 PELHAM PARKWAY
PELHAM, N. Y.
PELHAM 8-5000
TELETYPE PELHAM 3633

FREQUENCY
S 10 2030 SO 100 200
80
80 S
40, ATE-34 //
50 Y
- 'M"L A KERNEL
20—
| =
0
FREQUENCY
' 3 LISF & 14F | & 10
5 I 50 S
L MLPLOW PASS ALTER—JE MHP HIGH PASS AL
L W 4\ W
-3 Y A W
§ S W
% so[— Mg \
2 PTIYT
E*® i
< 1
b I N L
|

COPYRIONT BUANELL & CO.. INC. 1989
PACIFIC DIVISION
DEPT. P-30°

720 MISSION ST,

SOUTH PASADENA, CALIF,
MURRAY 2-2841

TELETYPE PASACAL 7578

Mfd. in Canada by Edo (Canada) Ltd., Cornwall, Oat. « WEllington 2-6774
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] -, Meetings z%

with Exhibits

(Contintted from page 8A4)

June 19-20, 1961

Chicago Spring Conference on
Broadcast and Television Re-
ceivers. O’Hare Inn, DesPlaines, Il

Exhibits: Mr. Roy Lee, Philco Corp..
6957 West North Ave.. Oak Park. Il

June 26-28, 1961
Fifth National Convention on Mili-
tary Electronics, Shoreham Hotel.
Washington, D.C.

Exhibits: Mr. L. David Whitelock, 5614
Greentree Road. Bethesda 14, Md.

July 16-22, 1961
Fourth International Conference on
Medical Electronics & Fourteenth
Conference on Elecirvical Tech-
niques in Medicine & Biology.
\g’aldorf-Asmria Hotel. New York.
Y.

Exhibits: Mr. Lewis Winner. 152 W,
42nd St.. New York 36, N.Y.

August 22-25, 1961
Western Electronic Show and Con-
vention (WESCON). Cow Palace
and Fairmont Hotel. San Francisco.

Calif.

Exhibits: Mr. Don Larson, WESCON.
1435 LaCienega Blvd., Los Angeles.
Calif.

October 4-6, 1961

IRE Canadian Convention, Exhibition
Park, Toronto. Canada

Exhibits: Business Manager, IRE Cana-
dian Convention, 1819 Yonge St.. To-
ronto 7. Ontario. Canada

October 9-11. 1961
National Electronics  Conference.
Hotel Sherman. Chicago. L

Exhibits: Mr. Arthur 11 Streich. Na-
tional Electronics Conference. 228 N.
LaSalle St.. Chicago 1. HI.

October 23-25, 1961

East Coast Conference on Aeronau-
tical & Navigational Electronics,
Lord Baltimore [otel, Baltimore. Md.

Exhibits: Dr. Harold Schutz. Westing.
house Flectric Corp.. Air Arm Div..
P.0. Box 746, Baltimore. Md.

November 14-16. 1961
Northeast Elecironics Rescarch and
Engineering Meeting (NEREM).
Boston Commonwealth Armory. Bos-
ton, Mass.

Exhibits: NEREM. 313 Washington St..

Newton, Mass.
A

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

PROCEEDINGS OF THE IRE Januvary, 1961

Now...
TOP
HATS

for
everyone!

Protect electron tubes, -
relays, capacitors, other M L
plug-in components for - 3
equipment reliability.

These superior retainers now come in a variety of sizes
and styles to fit nearly every plug-in component.

Positive — Top Hat® retainers hold components securely in any
position . . . can’t shake loose even when upside down.

Corrosion Resistant — Both hats and posts are of stainless steel
for maximum reliability. Materials and finishes comply with all
Military Specifications.

Resilient — Special spring action gives positive retention yet pre-
serves desired flexibility and prevents strain on component.

Easy on, easy off — Simple finger pressure fastens or releases clamp
—no tools to slip or waste time—no tiny parts to lose.

Top Hats clamp any components. If you have special requirements, write Dept. E for quotations.

Wesrrex Corporation

A DIVISION OF LITTON INDUSTRIES

P 540 West 58th St., New York 19, N. Y.
LLLLTTEILY 1523 L Street N.W., Washington 5, D. C.

0 e G G e — U, S. Engineering Co., 13536 Saticoy St., P, 0. Box 2368, Van Nuys, Calif.



[AMBDA

Iransisforzed
Regulated
Power Supplies

l

AMP

0-32 VDC

2

AMP

0-32 VDC

=8}
CONDENSED DATA ON LT SERIES

LT 1095M (with meters) 0-32 VDC, 0-1 AMP $315
LT 2095M (with meters)  0-32 VDC, 0-2 AMP 395
LT 1095 (without meters) 0-32 VDC, 0-1 AMP 285
LT 2095  (without meters) 0-32 VDC, 0-2 AMP 365

MODEL

LT 1095, LT 1095M
LT 2095, LT 2095M

VOLTAGE BANDS
0-8, 8-16, 16-24, 24-32
0-8, 8-16, 16-24, 24-32

Regulation: Line: Better than 0.15 per cent or 20 millivolts (whichever
is greater). For input variations from 105-125 VAC. Load: Better
than 0.15 per cent or 20 millivolts (whichever is greater). For
load variations from 0 to full load.

AC Input: 105-125 VAC, 50-400 CPS.

Ripple and Noise: Less than 1 millivolt rms.
Ambient Temperature: 50°C—continucus duty.
Remote DC Vernier: Provision for remote operation of DC Vernier.
Remote Sensing: Provision is made for remote sensing to minimize
effect of power output leads on DC regulation, output impedance
and transient response.
Size:
LT 1095 3%” Hx 19" W x 14%"” D
LT 2095 3%” Hx 19" W x 143%” D

Convection cooled—no internal blowers
to wear ovut.

Guaranteed for a full 5 years.
Compact. 1, 2, and 5 Amp only 3%2” high,
10 Amp 7' high.

® Ambient temperature 50°C.
® Excess ambient thermal protection.

® Special, high purity foil, hermetically sealed long-life
electrolytic capacitors.

® Hermetically sealed transformer designed to MIL-T-27A.
® Remote sensing and DC vernier.

LAMMOA

CONDENSED DATA ON LA SERIES

LA 50-03AM (with meters) 0-31 VDC, 0- 5 AMP %425
LA100-03AM (with meters) 0-34 VDC, 0-10 AMP 540

LA 50-03A  (without meters) 0-34 VDC, 0- 5 AMP 395
LA100-03A  {(without meters) 0-3¢ VDC. 0-10 AMP 510
MODEL VOLTAGE STEPS

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

Regulation: Line: Better than 0.15 per cent or 20 millivolts (whichever
is greater) . For input variations from 100-130 VAC. Load: Better
than 0.15 per cent or 20 millivolts (whichever is greater). For
load variations from 0 to full load.

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

Ripple and Noise: Less than 1 millivolt rms.

Ambient Temperature: 50°C—continuous duty.

Remote DC Vernier: Provision for remote operation of DC Vernier.

Remote Sensing: Provision is made for remote sensing to minimize
effect of power output leads on DC regulation, output impedance
and transient response.

Size:

LA 50-03A 3%”"H x 19” W x 14%” D
LA100-03A 77 Hx19” W x 143%” D

LA 1B

SEND TODAY FOR COMPLETE DATA.

LAMBDA ELECTRONICS CORP.

11-11 131 STREET « DEPT.

e COLLEGE POINT 56, N. Y. « INDEPENDENCE 1-8500



Semiconductors for Computer Circuitry

Now...12-Nanosecond
Total Switching Time

with CBS MADT™

Transistors

Total switching time for typical CBS 2N501 and
2NS5S01A transistors in this circuit is less than 12
nanoseconds. The basic circuit can readily be cas-
caded to form fast-switching ON and OFF stages
for computers. Since the transistors have a high
gain-bandwidth product at only -3 collector volts,
the size and cost of your power supply can be
substantially reduced.

The economical CBS 2N501 and 2N501A also
offer a wide choice of design possibilities in other
fast-switching circuits. Consult the table for high
switching rates permitted in the variety of circuits
shown.

Order engineering samples for your prototype
design. Call or write for technical data and delivery

IN THIS NEW CIRCUIT, CBS 2N501 and 2N501A
transistors achieve delay, rise, storage and fall
times of 2.0, 3.7. 3.2, and 2.3 ns respectively.

inf tion, today, from your local sal M CHE MDY
;clom;a lt(:, , ,o \z;g, rh(:n )',n ur[)'ofa'bs‘:ocs oftice or 2N501 and 2NS01A
anufacturer’s Warchousing Distributor. TRANSISTORS

Wide Choice of Fast Switching Circuits
With CBS 2N501 and 2NSOIA
Logic Circuits Switching Rate

Special non-saturating ............cccccoeveeieveeie i 140 me
Emitter follower coupled ......

Base gating e 140 me
Transformer coupled pulse ...... 140 mc
Diode transistor logic (DTL) 20 me
Resistor capacitor transistor logic (RCTL) 20 me
Direct coupled transistor logic (DCTL) ... 7 mc
Resistor transistor logic (RTL) ....... . 1 mc
Pulse Generators & Shaping Circuits

Blocking oscillators ....................... e 10 m¢
Regenerative amplifiers ................... . 10 mc
Schmidt trigger circuits ................... 10 me
Monostable multivibrators ....... . Smc
High Current Pulse Amplifierst

Line drivers .............. . 10 me
Core drivers 10 mc¢
Read-write amplifiers . 10 me

TSwitching current, 35 ma.

*Micro Alloy Diffused-base Transistor, trade-mark, Philco Corp,

CBS ELECTRONICS, Semiconductor Operations,
Lowell, Mass. ¢ A Division of Columbia Broadcasting System, Inc.
Semiconductors e« tubes e audio components e microelectronics

Sales Offices: Lowell, Mass., 900 Chelmsford St., GLenview 2-8461 «
™ Newark, N. J., 231 Johnson Ave., TAlbert 4-2450 ¢« Melrose Park, Il
1990 N. Mannheim Rd., EStebrook 9-2100 « Los Angeles, Calif., 2120 S.
Garfield Ave.,, RAymond 3-9081 ¢ Minneapolis, Minn., The Heimann
Co., 1711 Hawthorne Ave., FEderal 2-5457 ¢ Washington, D. C., 1735
® Desales St., N.W., EMerson 2-9300 « Dayton, Ohio, 39 North Torrence
. R St., CLearwater 2-1972 » Toronto, Ont., Canadian General Electric Co.,
More Reliable Products through Advanced Engineering Ltd., LEnnox 4-6311.



Current IRE Statistics

(As of November 30, 1960)
Membership—87,124
Section*—108
Subsections*—28
Professional Groups*—28
Professional Group Chapters—275
Student Branchest—-195

* See November, 1960 for a list.
t See October, 1960 for a list.

Calendar of Coming Events
and Authors’ Deadlines*

1961

Symp. on Thermoelectric Energy Con-
version, Statler Hotel, Dallas, Tex.,
Jan. 8=12. (DL*: Oct. 10, 1960,
P. Klein, GE Co., Syracuse, N. Y.)

7th Natl. Symp. on Reliability and Qual-
ity Control, Bellevue-Stratford Ho-
tel, Philadelphia, Pa., Jan. 9-11.

Symp. on Space Instrumentation, Wash-
ington, D. C., Jan. 16~17.

Conf. on Magnetic & Dielectric Devices,
LMSD, Palo Alto, Calif., Jan.

2nd PGMIL Conf., Biltmore Hotel, Los
Angeles, Calif., Feb. 1-3. (DL*: Nov.
15, 1960, Dr. J. J. Meyers, Hoffman
Electronic Corp., Military Products
Div., 3717 S. Grand Ave. Los
Angeles, Calif.)

Int’l. Solid State Circuits Conf., Uni-
versity of Pennsylvania and Shera-
ton Hotel, Philadelphia, Pa., Feb.
15-17. (DL*: Oct. 14, 1960, J. J.
Suran, Bldg. 3, Rm. 115, GE Co.,
Electronics Park, Syracuse, N. Y.)

lat’l. Symp. on Semiconductor Devices,
UNESCOQO, 2 Place Fontenoy, Paris,
February 2025,

Symp. on Engrg. Aspects of Magneto-
hydrodynamics, Univ. of Pa., Uni-
versity Park, Mar. 9-10.

IRE Int’l. Conv., N. Y. Coliseum and
Waldorf-Astoria Hotel, New York,
N. Y., Mar. 20~-23.

PIB Int'l. Symp. on Electromagnetics
and Fluid Dynamics of Gaseous
Plasma, N. Y., N. Y., April 4-6.
(DL*: Dec. 20, 1960, Symp. Com-
mittee, Polytechnic Inst. of Brooklyn,
55 Johnson St., Brooklyn 1, N. Y.)

SWIRECO, Dallas, Tex., April 19-21.

7th Region Tech. Conf. & Trade Show,
Westward Ho Hotel, Phoenix, Ariz.,
April 26-28.

Conf. Electro-Optical & Radiation De-
vices, IBM, San Jose, Calif., Apr.
Joint Automatic Techniques Conf.,

Cincinnati, Ohio, Apr.

Electronic Comp. Conf., Jack Tar Hotel,
San Francisco, Calif., May 2-4.
Workshop in Graph Theory, University

of Illinois, Urbana, May 6.

* DL = Deadline for submitting ab-
stracts,

IRE News and Radio Notes

IRE ELEcTs OFFICERS FOR 1961

Lloyd V. Berkner (A'26-M'34-SM'-43-
F'47), president of Graduate Research
Center, Inc., Dallas, Tex., has been elected
president for 1961 of the [nstitute of Radio
Engineers. He succeeds Ronald L. Mec-
Farlan (SM’51), consultant to the DATA-
matic Corporation and the Raytheon Manu-
facturing Company.

In accordance with a policy established
last year, the IRE now has two vice presi-
dents, one residing in North America and
the other abroad. The vice president repre-
senting overseas countries for 1961 will be
Franz Ollendorff (SM'52), research pro-
fessor at the Technion-Israel Institute of
Technology, Haifa, Israel. He succeeds J. A.
Ratcliffe (NM'29-A'32-F’'53), head of radio
research at the Cavendish Laboratory, Cam-
bridge, England. The vice president repre-
senting North America will be J. F. Byrne
(SM’45-F’50), manager of the Riverside
Lab., Motorola, Inc., Riverside, Calif. He
siucceeds J. N. Dyer (J'30-A'32-SM'45-
F’49), vice president of the Research and
Engineering Division of Airborne Instru-
ments Lab., Melville, N. Y.

Elected as directors for the 1961-1963
term are <. F. Carter (\'23-F’'36), director
and member o the Board of Directors,
Stanford Research Institute, Menlo Park,
Calif., and L. C. Yan \tta (M'42-SM'43-
F’52), Director of ‘Technical Information
and Education, Hughes \ircraft Co., Culver
City, Calif.

Regional Directors elected for 1961-1962
are as follows: Region 2-—A. B. Giordano
(SM'46-F’39), Associate Dean in charge of
the Graduate School and professor of clec-
trical Engineering, Polytechnic Institute of
Brooklyn, Brooklyn, N. Y.; Region 4—A\. B.
Bereskin (\'41-M'14-S7M'16-F'59), profes-
sor of electrical engineering, University of
Cincinnnati, Cincinnati, Ohio; Region 6—

M. W. Bullock (S8'33-A’37-M'45-SNI'54),
Engineering  Manager, Continental Elec-
tronics Manufacturing Co., Dallas, Texas;
Region 8—B. R. Tupper (A'36-SM’36—
F’54), Chief Engineer of the British Colum-
bia Telephone Co., Vancouver, Canada.

1961 IRE INTERNATIONAL
CONVENTION SET FOR MARCH

March 20 through 23 have been selected
as the dates for the 1961 IRE International
Convention, which will again be held at the
Waldorf-Astoria Hotel and New York Coli-
seum in New York City. More than 70,000
engineers and scientists from 40 countries are
expected to attend what has become the
world’s largest technical meeting and ex-
hibition.

.\ comprehensive program of 275 papers,
covering the most recent developments in
the fields of all 28 IRE Professional Groups,
will be presented in 54 sessions at the Wal-
dorf-Astoria and the Coliseum. The high
point of the program will be a special sym-
positm on new energy sources to be held
Tuesday evening, March 21. The complete
program will be announced in the March
issiie of PROCEEDINGS.

The IRE Show, filling all four floors of
the Coliseum, will accommodate approxi-
mately 850 exhibitors. Some $15,000,000
worth of the latest clectronic cquipment
will be on display, most of it for the first time.

The social events will include a “get-
together” cocktail party Monday evening
and the annual IRE banquet Wednesday
cevening, both in the Grand Ballroom of the
Waldorf. The banquet will feature the pre-
sentation of IRE Awards for 1961.

An entertaining  program  of  tours,

fashion shows and matinees is being ar-
ranged for wives ol visitors.

Dr. George W. Bailey (center) (\W2KH), Executive Secretary of the IRE and former President of t.he .-\RR.L,
accepts a citation from Edwin Piller (left) (W2KPQ), President of the Single Sideband Amatenr Radio .\ssocia.
tion. during the annual dinner of the Quarter Century Wireless Association on October 14, 1960. The d.nn.\er.
which_was a testimonial for Dr. Bailey, was cosponsored by the Single Sideband Amateur Radio Association.

| John Di Blasi (right) (W2FX), President of the Quarter Century Wireless Association, later presented Dr. Bailey
! with a life membership in this organization.

(Continued on page 13A4)
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GERMAN ELECTROTECHNICIANS
To Horp CONVENTION

The Nachrichtentechnische Geselischaft
im VDE (Society of German Electrotech-
nicians) is holding the following meetings
during its Convention, April 11-14, 1961, in
Karlsruhe, Germany:

“Receiving and Processing of Informa-
tion,” and
“Learning Machines.”

More than 30 experts from Germany and
other countries will participate, and will pre-
sent papers on the above-mentioned topics.

Final programs are available beginning
January, 1961, without charge, from: Nach-
richtentechnische  Gesellschaft im VDE,
Frankfurt a. M. S 10, Stresemann Allee 21,
Germany

Ak Force MARS
ANNOUNCES SCHEDULE

The January schedule for the \ir Force
MARS Eastern Technical Net, operating
Sundays from 2 to 4 p.M. EDT, on 3295,
7540, and 15,715 kc, has been announced as
follows:

January 1 No broadcast on this date.

January 8 “Exotic Applications of Semi-
conductors,” R. R. Darden,
American Bosch-Arma Corp.

January 15 “Passive Satellite Communica-
tions,” H. Hoffman, Jr., Rome
Air  Development  Center,
USAF.

January 22 “Some Aspects of Extrater-
restrial Communications,™ .
Feiner, Rome Air Develop-
ment Center, US.\\F.

January 29 “Plasma Physics,” Capt. Dr.
P. Larsen, Rome Air Develop-
ment Center, US\F.

February 5§ “Titration with HF
tion,” Dr. Cefola,
Univ.

February 12 “The Electron Emission Mic-
roscope,” Fr. Schubert, S.J.,
Fordham Univ.

Radia-

Fordham

TELECOMMUNICATIONS EXHIBIT
To Be Hewp 1N LissoxN

The State Department advises that the
Second International Exhibition of Tele-
communications ’hotograph Art for profes-
sionals will take place in Lisbon in March,
1961. The exhibition is sponsored by the
Portuguese Permanent Commission to com-
memorate the feast of the Archangel St.
Gabriel.

The Salon is open only for telecommuni-
cations professionals. ‘Two groups of prints
are admitted: 1) Black and white prints and
2) Color Transparencies (slides) with the fol-
lowing sections: a) Artistic (free subject, ar-
tistic nude excluded) and b) Telecommuni-
cations.

Not more than four prints and/or four
transparencies in each section may be sent in
by each contributor. The size of the prints
must be as follows: 1) Black and white-
from a minimum of 18X24 em to a maxi-
mum of 40X 50 em; 2) Color Transparencies
—24X36 mun or 6X6 cm. Black and white
prints must be sent unmounted, and color
transparencies must be sent mounted in glass
or cardboard and correctly spotted (in the
lower left corner when viewed as appearing
on the screen). The black and white prints
must be sent separately from the color trans-
parencies and all are to be forwarded by
mail, as registered printed matter to: 1l Salio
Internacional de \rte Fotogritica das Tele-
comunicagées, Companhia Portuguesa Ra-
dio Marconi, Estagio Emissora de \lfragide,
Amadora, Portugal, or against receipt when
delivered personally.

Fach print or transparency must bear on
the back in block letters: a) section; bh) name
and address of the contributor; and ¢) num-
ber and title of the print or transparency
corresponding with that on the entry form.

A jury, whose decisions will be timal, will
select the prints and transparencies and will
distribute the prizes, awarding cupsand med-
als to cach group and section.

The right to reproduce any of the ac-
cepted prints, either in the catalogue or in
the press, will be assumed unless otherwise
mentioned in the entry form.

Among those who attended the PGED Meeting in Washington, D, C., October 27-28, 1960, were (le}! to right)
J.A. Hornbeck, Bell Telephone Laboratories, Conference Chairman; H.\V, Welch, Jr., Motorola, Inc., Technical
Program; and A. K. Wing, Jr., Hughes Aircraft Co., Chairman, Professional Group on Electron Devices.
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Calendar of Coming Events
and Authors’ Deadlines*

(Continued from page 144)

5th Midwest Symp. on Circuit Theory,
Allerton Park & Urbana Campus,
Univ. of Ill., Urbana, May 7-8.

NAECON, Miami & Biltmore Hotels,
Dayton O., May 8-10. (DL*: Ab-
stracts, Jan 1; Papers, March 7,
A. J. Wilde, 4136 Lotz Rd., Dayton
29, Ohio.)

Western Joint Computer Conf., Am-
bassador Hotel, Los Angeles, Calif.,
May 9--11. (DL*: Dec. 12, 1960, Dr.
W. F. Bauer, Ramo-Wooldridge Co.,
8433 Fallbrook Ave., Canoga Park,
Calif.)

Microwave Theory and Tech. Nat'l.
Symp., Sheraton Park Hotel, Wash-
ington, D. C., May 15~17.

GLOBCOM V, Sherman Hotel, Chicago,
Iil., May 22-24. (DL*: Nov. 31, 1960,
D. C. Campbell, I. T. T.-Kellogg,
5059 S. Harlem Ave., Chicago 38,
11L.)

Nat’l. Telemetering Conf., Chicago,
Ill., May 22-24. (DL*: Dec. 15, 1960,
J. Becker, AC Spark Plug Div., G.M.
Corp., Milwaukee 1, Wis.)

3rd Nat’l. Symp. on Radio Frequency
Interference, Washington, D. C.,
June 12-13.

5th Nat’l. Symp. on Product Engrg. and
Production, Philadelphia, Pa., June
13-14.

Chicago Spring Conf. on Broadcast and
Television Receivers, O'Hare Inn,
DesPlaines, Ill., June 15-16. (DL*:
Feb. 15, 1961, N. Frihardt, Motorola
Inc., 4545 W. Augusta Blvd., Chi-
cago, Ill.)

MIL-E-CON 1961, Shoreham Hotel,
Washington, D. C., June 26-28.
(DL*: Feb. 1, 1961, H. Davis,
SAFRD, The Pentagon, Washington
25, D.C.)

JACC, Univ. of Colorado, Boulder, June
28-30. (DL*: Abstracts, Nov. 15,
1960; Papers, Dec. 15, 1960, R.
Kramer, 1961 JACC Program Com-
mittee, Bldg. 32, M.L.T., Cambridge,
Mass.)

4th Intl. Conf. On Medical Electronics
& 14th Conf. on Elec. Techniques
in Medicine & Biology, Waldorf-
Astoria, Hotel, N. Y., N. Y., July
16-22. (DL*: April 1, 1961, H. P.
Schwan, Moore School of E.E., Phil-
adelphia 4, Pa.)

WESCON, San Francisco, Calif., Aug.
22-25.

1961 Symp. on Transmission & Process-
ing of Information, M.LT., Cam-

bridge, Mass., Sept. 6-8. (DL*:
Abstracts, Jan. 1, 1961; Papers,
April 1, 1961, P. Elias, M.LT.,

Cambridge, Mass.)

1961 Nat’l. Symp. on Space Electronics
and Telemetry, Albuquerque, N. M,
Sept. 6-8.

Joint Nuclear Instrumentation Symp.,
North Carolina State College, Ral-
eigh, N. C., Sept. 6-8.

oth Ann. Engrg. Management Conf.,
New York, N. Y., Sept. 14=-16.

10th Ann. Industrial Electronics Symp.,
Boston, Mass., Sept. 20-21.

1960 Radio Fall Mtg., Syracuse Hotel,
Syracuse, N. Y., Oct. 30-31, Nov. 1.

IRE Canadian Conv., Exhibition Park,
Toronto, Can., Oct. 4=6.

* DL = Deadline for submitting ab-
stracts.




ETa Karra Nu Hoxors
YouUNG LLNGINEERS

Kenneth H. Olsen (§'48-1'53) of Bed-
ford, Mass., has been named Outstanding
Young Electrical Engineer of 1960 by Eta
Kappa Nu Association, national electrical
engineering society. .\mong the honorable
mentions in this national competition were
Dr. Robert R. Johnson (§8'50-M'56) of
Phoenix, Ariz., and Thomas H. Thompson
(S'50-\'53-M’57)  of Basking Ridge,
N.J.
The 1960 award is the twenty-fourth
since 1936. Formal presentation of the
awards will be made at a banquet on Jan-
uary 30, 1961, during the Winter General
Meeting of the American Institute of Elec-
trical Engineers, The banquet will be held
in the Governor Room, Hotel Govenor Clin-
ton, Seventh Avenueat 31 Street, New York,
N. Y. The cocktail hour will start at six
p.M., and the dinner promptly at seven p.M.
All electrical engineers, whether members of
Eta Kappa Nu or not, are invited to the
traditional and important event. Ladies are
cordially invited.

Reservations for the banquet should be
mailed to: \W. Levidow, Rm. 3B-154, Bell
Telephone Labs., Inc., Whippany, N. ].
Reservations postmarked on or before Jan-
uary 25, 1961, will be honored at $6.50 per
person. Later reservations, or those made at
AIEE Registration Headquarters during the
Winter General Meeting, will cost $7.50 per
person. Checks or money orders should be
made payable to New York Alumni Chap-
ter, Eta Kappa Nu. Attendance at the ban-
quet is limited and reservations will be
honored in the order received up to the limit
of space available.

An informal, yet dignified, program has
been arranged to honor these truly outstand-
ing young men. The principal address, “\Why
We Need Engineers as Well as Scientists,”
will be delivered by Dr. J. R. Pierce, Direc-
tor of Research, Bell Telephone Labs., Inc.
Dr. Pierce was an award recipient himself in
1942,

Mr. Olsen, a native of Bridgeport, Conn.,
is 34 years old and received the B.S. and
MLS. degrees in electrical engirieering from
the Massachusetts Institute of Technology,
Cambridge, in 1950 and 1952. As a graduate
student, he invented a magnetic matrix
switch for use with coincident current mag-
netic memories. Following graduation, he
became a staff member of the Digital Com-
puter Laboratory of M.LT., and supervised
the group responsible for the first digital
computer to use magnetic core random-
process memory. lle was one of the leaders
in the design of computers for the Sage air
defense system. Later, he was one of the first
to build a high-performance digital computer
using transistors. In 1957, he founded and
became president of Digital Equipment
Corporation, a concern that has created and
marketed transistorized building blocks for
the computer industry.

Dr. Johnson is 32 years old and a grad-
uate of the University of Wisconsin, Madi-
ison, in 1950. He received the M.S. degree
from Yale University, New Haven, Conn.,
in 1951 and the Ph.D. degree from the Cali-
fornia Institute of Technology, Pasadena, in
1956. He is presently with the General
Electric Company as Manager of Engineer-
ing in the Computer Department,
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He discovered a new dynamic relation-
ship in sequential logic which is used to
simplify the static Boolean equations used
in digital computers.

He has made numerous contributions to
the computer field, and has half a dozen pa-
tents for his inventions.

Mr. Thompson is 32 years old and a grad-
vate of the University of Texas, Austin, in
1951. He received the M.S. degree in 1952
from the same university. Since graduation,
he has been employed by Bell Telephone
Laboratories in Whippany, N. J., and has
been directly concerned with the develop-
ment of Command Guidance Systems for
the Titan ICBM and for Thor-Able, Tiros,
and Delta Space Vehicles.

OBITUARIES

Harry H. Goode (SM’'52), Professor of
Electrical Engineering at the University of
Michigan, Ann Arbor, and a leader in the

activities of the [RE
' “ Professional  Group
on Electronic Com-
/ puters, died in an
automobile accident
on October 30, 1960,

He was born in
New York, N. Y., on
July 1, 1909. He re-
ceived the B.S. de-
gree in history from
New York Uni-
versity, New York,
N. Y., in 1931, the
Bachelor of Chemical Engineering degree
from Cooper Union, New York, N. Y., in
1940, and the M.A. degree in mathematics
from Columbia University, New York,
N. Y., in 1945. is early professional work
was in statistics, and in 1941, he became
Statistician-in-Charge for the New York
City Department of Health. During the war
years, he was a research associate at Tufts
College, Medford, Mass., and worked on ap-
plications of probability to war problems
and also on the acoustic torpedo problem.
From 1946 through 1949, he was on the staff
of the Office of Naval Research at the Spe-
cial Devices Center, Sands Point, L. I. Here
he progressed through successive responsi-
bilities to be head of the Special Ptojects
Branch.

In 1950, he joined the Willow Run Re-
search Center of the University of Michigan,
serving there as head of the Systems Analy-
sis and Simulation Group, as Chief Project
Engineer, and finally as Director of the
Center.

In 1954, he was appoirted Professor of
Electrical Enginering at the University of
Michigan, and in 1956 received a dual ap-
pointment as Professor of Electrical Engi-
neering and also ’rofessor of Industrial En-
gineering. In 1958 he served for a year as
Technical Director of the Systems Division
of the Bendix Corporation, maintaining a
fractional appointment in the University so
that he could continue to teach his newly-
introduced course on system design. In
1959, he returned to full-time teaching and
research in the Department of Electrical
Engineering.

Professor Goode also served as a con-

I, H. GoobE

sultant to industry and government and was
active in professional socicty affairs, Among
the firms for which he consulted were the
United Aircraft Corporation, the Bendix
Corporation, the Auerbach Electronics Cor-
poration, the Du PPont Corporation, the
Ford Motor Company, the Burroughs Cor-
poration, the Texas Company, and the
Franklin Institute. Ile served the govern-
ment as a consultant to the National Bureau
of Standards, the Post Office Department,
the Air Force, and the House of Representa-
tives Appropriations Committee. For the
Air Force, he was chairman of the W-117L
Committee on Advanced Reconnaissance;
and for the House Committee, he served as a
member of the Study Group on Missile Re-
liability.

He served his profession as a member of
the Administrative Committee of the Pro-
fessional Group on Electronic Computers
from 1953-1956, as a member of the Com-
puter Advisory Committee of the Society of
Automotive Engineers, and as a member of
a subcommittee of the AIEE Committee on
Feedback Controls. He served as chairman
of the National Joint Computer Committee
of the IRE, AIEE, and ACM.

Professor Goode was a member of the
Association for Computing Machinery,
the American Mathematical Society, the
Mathematical Association of America, and
the Institute for Mathematical Statistics.
He was also a Fellow of the American A\s-
sociation for the Advancement of Science,
and a member of Sigma Xi, Eta Kappa Nu,
and Mu Alpha Omicron.

Itis many published papers touched
upon statistics, simulation and modeling,
vehicular traffic control, and system design.
His major published work is the book,
“System FEngineering,” of which he was
senior author with R. E. Machol.

His broad experience with computers
and his participation in national computer
functions led to his participation as one of
the group of eight Americans who visited
Soviet computer establishments in 1959,

Professor Goode contributed substan-
tially to this special Computer Issue of the
PROCEEDINGS by assisting in the review of
papers for this issue.

Dr. E. Vernon Potter (SM'59), Director
of the Physics and Electronics Division of
the U. S. Naval Civil Engineering Labora-
tory, Port Hueneme, Calif., died suddenly,
October 6, 1960. Born in Baltimore, Md.,
in 1908, he was educated at The Johns Hop-
kins University, Baltimore, receiving the
B.E. degree in 1928 and the Doctorate of
Engineering degree in 1932,

Ilis professional career was spent in
Government Rescarch Laboratories in the
Bureau of Mlines, Bureau of Ships, and
Bureau of Yards and Docks, where he was
recognized as an authority in the fields of
Underwater Acoustics and electromagnetic
radiation. He was a frequent contributor to
the literature relating to his special fields.
He was listed in “American Men of Science”
and “Who's Who in Engineering.”

Dr. Potter was a member of Tau Beta
I’i, the American Institute of Electrical En-
gineers, American  Geophysical  Union,
American Society of Metals, Sigma Xi, Re-
search Society of America, and was a Regis-
tered ’rofessional Engineer in Utah.
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Varian presents the
VA-834B amplifier klystron
—1 kW CW—rugged
~lightweight —for

1

In Forward
Scatter Transmitters

Need a rugged power amplifier tube for transportable
microwave field equ pment? Varian's VA-834B klystron is
air-cooled and permanent-magnet focused. Simplifies operation
and minimizes prime power requirements. Quick and easy to
install. Only adjustment necessary — just fune to desired
frequency. Tunable 4.4 to 5.0 kMc with 1 kW CW output.
Lightweight — only 80 Ib. including magnet.

Specifically developed for tactical and transportable equipment.
Suited to commercial forward-scatter communications
ard radar transmitters,

FEATURES wixwcw madto50kme

W Efficiency up to 40% W 45 db Gain MM 7.5 Mc Bandwidth

Sound interesting? We'll be pleased to send you
full technical data. Just write Tube Division.

VAR'AN associates
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PALO ALTO 2, CALIFORNIA

BOMAC LABORATORIES, INC.

VARIAN ASSOCIATES OF CANADA, LTD.
S-F-D LABORATORIES, INC.

SEMICON ASSOCIATES, INC.

SEMICON OF CALIFORNIA, INC.
VARIAN A. G. (SWITZERLAND)
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CaLL FOR Parers [SsUED
By AxNuaL NAECON

T'he Thirteenth Annual National Aero-
space Electronics Conference (NAECON)
now invites submission of papers for the
1961 Conference, which will be held at the
Miami aud Biltmore Hotels, Dayton, Ohio,
May 8-10, 1961. The theme of the Confer-
ence is “Electronic Technology in the Aero-
space Age.”

The technical papers program will con-
tinue the practice of scheduling only four
concurrent sessions during each conference
period, with topics selected and balanced to
ninimize conflicts of audience interest. Dis-
cussion or critique periods will be conducted
immediately following the formal papers in
each session. These arrangements should en-
hance the quality and real value of the
NAECON technical program. As of this
date, the following subjects have been sug-
gested as session topics:

Energy Conversion Systeins
Solid State Devices

Radio Astronomy

Ground Support Fquipment
Aerospace Reconnaissance Systems
Molecular Electronics
Magnetohydrodynamics
Aerospace Systetns Integration
Bionics

Aerospace Communications
Antennas and Propagation
Aerospace Environment
Vehicle-Borne Computers
Guidance and Control Systems
Telemetry

Systems Management
Microwave Tubes and Circuits
Scientiic Education

Audio Technique X
Flectromagnetic Interference
Flectric Propulsion

Workers in this field are urged to sub-
mit papers for presentation by January 185,
1961, to R. G. Stimmel, 809 Larriwood
Avenue, Dayton 25, Ohio.

MICROELECTRONICS AND SYSTEMS
CaLL ror Parers

The July, 1961, issue of the IRE Traxs-
ACTIONS ON MiLiTary ELecTroNics will be
devoted entirely to the subject of microelec-
trouics and systems,

The aim will be not so much to present a
review of the state of the art as it exists to-
day, as to project the ten- or twelve-year
future, with the hope of stimulating the
thinking of military systems people in the
potentiality that will be created by those
revolutionary changes now visible on the
horizon of circuit design.

The issue will contain one or two invited
papers summarizing current thought in the
tield, but the rest of the issue will be devoted
to reports of original investigation.

Topics which should be covered include:

1) New solid-state device techniques and
assembly methods, including functional de-
vices and integrated electronices.

2) Problems which the microminiature
systems designer will need to overcome; for
example, the compounded unreliability
problem and systems having many thousand
parts.

3) The heat dissipation problem and fac-
tors related to it, such as: a) means for re-
moving heat; b) methods for calculation of
temperature distribution in a microminia-
ture assembly: ¢) systems size and dimen-
sional limitation imposed by heat genera-
tion: d) the inter-relationship among cir-
cuit speed, component precision, and mini-
mum heat generation.

1) Critical appraisal of methods for inter-
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Call for Papers

STH NATIONAL CONVENTION ON MILITARY ELECTRONICS
(MIL-E-CON 1961)

June 26-28, 1961
Shoreham Hotel, Washington, D. C.

The Sth National Convention on Military Electronics (MIL-E-CON 1961) will
be held at the Shoreham Hotel, Washington, ). C., on June 26-28, 1961, under the
sponsorship of the Professional Group on Military Electronics of The Institute of
Radio Engineers. Major General F. L. Ankenbradt, I'SAF (Ret.), member of the
Technical Stalf of Defense Electronic Products, RCA, Camden, New Jersey, is
Convention President for MIL-E-CON 1961.

Space Llectronics
Ranging and Tracking
Electronic Propulsion
Data Handling Systems

available at the mecting.

than February 1, 1961:

ganization.

abstract.

Current Problems of Spice Technology

Prospective authors are requested to furnish the following information, not later

Three copies of a 750-word unclassified abstract of the proposed paper, plus the
name and position of the author and the name and address of his company or or-

Papers presenting original work in military clectronics are invited for this meeting.
Suggested topics inelude, but are not limited to, the following:

Guidance and Control
Inertial Systems
Reconnaissance Systems
Communication Systems |
Operational Analysis ‘

Reliability

The technical program will include both classified (limited to Confidential) and un-
classified sessions, with the Air Rescarch and Development Command sponsoring the
classified sessions. An unclassitied and bound Proceedings of the convention will be

I'hree copies of a biographic sketeh of the author(s), including education, experi-
ence, memberships in professional societies, honors, publications.
Each author must obtain the appropriate military and company clearances for his

Send abstracts to: H. Davis, SAFRD, The Pentagon, Washington 25, D. C.

.'~.l'.)'. M
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New ideas for MIL-E-CON 1961, to be held in Washington, D. C., June 26-28, 1061, are discussed by mem-
bers of the planning committee. Committee chairmen (left to_right): 1.. D. Whitelock, Exhibits; . De Vore;
Public Relations: Maj. Gen. F. L. Ankenbrandt, USAR (Ret.), Convention President; i3, |. Goldiarb, Proceedings,
11. Davis, Technical Program: and W, Hulse, Arrangements. Attendance at M 1.-E-CON 1960 was nearly 5000;
an even lurger attendance is seen for MIL-E-CON 1961,

connection of components and circuits.

5) Eutirely new type of electronic sys-
tems either made possible or necessary by
microminiaturization,

6) Specification  for
needed devices to make
possible.

7) Critical review of typical military
electronics problems and the influence micro-
electronics can have on their solution.

Detailed abstracts should be submitted
by February 8, 1961, to: Dr. J. E. Thomas,

nonexistent, but
microelectronics
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Jr.. Sylvania Electric Products, Iuc., 100
Sylvan Rd., Woburn, Mass. The abstracts
will be reviewed and the authors of the
papers selected will be notified by February
20, 1961. April 15, 1961, is the deadline for
submission of hnished manuscripts.
Standard IRE practice should be fol-
lowed in preparation of the manuscripts. All
illustrations should ecither be originals or
glossy prints thercof. Each author should
sibmit a photograph and biography of him-
self for inclusion in the contributor section.

January, 1961
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AC-DC T
WIDE RANGE CALIBRATOR

SRIC’s versatile AC/DC Volt-Amp-Milliammeter “Self Checking” Model Thach is now
offered in combination with a general purpose power supply for use as a con-
venient, economically priced, wide range instrument calibrator. The Model Thach has 19 overlapping
full scale ranges of current and voltage. Operation is almost always at or near full scale for maximum
accuracy. The power supply (Model Thach-PS) is a regulated source with its controls interlocked with
the Model Thach. Power to the Thach is automatically shut off when ranges are switched, reducing
the danger of accidently overioading the calibrator and/or the instrument under test. Output covers
the full range of the Thach for DC and 60 cps. 50-2500 cps. can be plugged in for operation over a
broader frequency range. Resolution of the power supply controls is better than .05% for any current
and voltage range.

Any Mode! Thach with range combs. Ix or 3x is available for operation with the power supply.

In addition, existing instruments in the field can be modernized for this same purpose at a small
surcharge.

Model THACH AND THACH-PS

AC-DC
GENERAL PURPOSE
® POWER SUPPLY

The Model Thach-PS, while designed primarily for operation with the Model
Thach, can be used independently as a power source for any appropriate appli-
cation. It only has to be disconnected from the Model Thach to become an
excellent general purpose switch controlled laboratory supply.

SPECIFICATIONS:

OUTPUT: DC or AC (60 cps normal; 50-2500 cps depend- RIPPLE: Varies from .5% at full voltage and low cur-

ing on input) Voltage: Delivers 0-120% at full rents to a maximum of 2.5% for currents of 1
load and a max. of 0-175% at no load. 1/2/5 v. ampere or less. At currents above 1 ampere,
at 300 ma.; 10/20/50 v. at 100 ma.; 100,200/ ripple can always be 3% or less if series resist-
Ve 500/1000 v. at 25 ma. Current: 0-5 amps. at 15 ance is sufficient in external circuit and will be
watts max. on low power, or 75 watts max. on no worse than 7% for any possible operation.
- high power. RESOLUTION: .05% or better by means of coarse,
1 INPUT: 90-135 v., 60 cps single phase, or 115 v. 50- medium and fine controls.
l 2500 cps from a regulated source. SIZE: 12%” x 177 x 9” deep.
| WAVEFORM: 60 cps distortion 2.5% total harmonic con- WEIGHT: Approx. 59 Ibs.
an tent plus line distortion,
Symbot of Qualizy

SENSITIVE RESEARCH INSTRUMENT CORPORATION



Harold Stout (left), Chairman of the Kansas City
Sect'gn, presents the Kansas City Section Award to
D:. C. N. Kimball (right), President o7 the Midwest
Research Institute, for his outstanding contributions
to the advancement of science and technology. The
presentation was made during the 12th Annual Mid-
America Flectronics Conference (MALECON),
November 15-16, 1960, which had an attendance of
over 1000 peaple.

Twenty-five instrument manufacturers, institu-
tions and government agencies had exhibits at the
13th Annual Conference on Electrical Techniques in
Medicine and Biology, October 31-Nevember 1-2,
1960, which was sponsored by the IRE, the AIEE,
and the ISA,

1961 WINTER CONVENTION
O~N MiLITARY [ELECTRONICS
To B HiELp IN LLos ANGELES

An attendance of 3000 is expected for
the 2nd Winter Convention on Military
Electronics, which will be heid from Febru-
ary 1-3, 1961, Again
this year, the con-
ference will be held
in the Biltmore Ho-
tel, Los Angeles,
Calif. A program of
appronimately 100
technical papers as
well as 60 exhibits is
planned.

Arthur N. Curtiss
(left) s this year's
Conventior  Chair-
man, and Dr. John
Mevyers is Program Chairman. Viee Admiral
John T. Hayward, Chief of Naval Research,
will be the speaker at the banquet which
will be held February 2.

The Professional Group on Military
Electronics is sponsoring the Convention,
and the Los Angeles Section is the host.

A tentative list of the technicai program
sessions is as follows:

A. \. Curriss

Wednesday Morning, February 1

1) Panel Discussion—*Improving  Re-
search Effectiveness in Military Elec-
tronics”
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Francisco, Calif.

tance or rejection of their papers.

Wednesday Afternoon

2) Reconnaissance (Confidentiai)

3) I[nertial Guidance (Confidential)
4) Location Devices and Techniques
§) Data Memories

6) Telemetry

7) Reliability [

Thursday Morning, February 2

8) Antennas (Confidential)

9) VLF Communications (Confidential)
10) Microwave Tubes

11) Machine Decision Making

12) Extreme Environments

13) Reliability Il

Thursday Afternoon

14) Electronic Warfare (Confidential)

15) Data Processing (Confidential)

16) Communications

17) System Planning, Analysis, and Use

18) System Test and Support Equipment
19) Refrigeration and Low Noise Design

Friday Morning, February 3

20) Propagation (Confidential)
21) Spacecraft Instrumentation
22) Power Conversion

23) Data Displays

24) Radar

25) Multiplexing and Switching

Friday Afternoon
26) Sonar and Displays (Confidential)
27) Spacecraft Communications and Con-
trol (Contidential)
28) Microwave Components and Optical
Pumping
29) Solid State Device Applications

IRE, ANNOUNCES 1961 AwAaRDs

Ralph Bown (M’22-F’25)(L), renowned
former Bell Telephone Laboratories scien-
tist, and Ernst A. Guillemin (A’$1-SM’48-
F'19), Webster Professor of Electrical En-
gineering at Massachusetts Institute of
Technology, Cambridge, were among those
named by the Institute of Radio Engineers
to receive IRE awards in 1961. Presentations
of the awards will take place at the 1961
IRE International Convention banquet on
March 22 at the Waldorf-Astoria Hotel,
New York, N. Y.

Call for Papers

1961 \WeEsTERN ELectroNic SHow aND ConvENTION (WESCON)

August 22-25, 1961
Cow Palace, San Francisco, Calif.

The 1961 \Western Electronic Show and Convention now issues a call for papers
for its 1961 meeting, which is to be held August 22-25, at the Cow Palace in San

Prospective authors are required to submit 100- to 200-word abstracts and 500- to
1000-word detailed summaries of their papers by May 1, 1961, in order to be con-
sidered for inclusion in the program. They will be notitied by June 1, 1961, of accep-

Submissions should be sent to: E. W. Herold, ¢ /o WESCON's Northern California
Office, 701 Welch Road, Palo Alto, Calif.

Mr. Bown has been named to receive the
1961 Founders Award, “For outstanding
service to the IRE and for outstanding con-
tributions to the radio engineering profession
through wise and conrageous leadership in
the planning and administration of tech-
nical developments which have greatly in-
creased the impact of electronics on the
public welfare.” This is one of the two high-
est IRE awards and is bestowed only on
special occasions.

Dr. Guillemin will receive the 1961
Medal of Honor, the highest annual tech-
nical award in the field of electronics. He
will be given the award “for outstanding
scientific and engineering achievements.”

Five additional awards will be given as
follows:

1961 Morris N. Liebmann Memorial
Prize. (Awarded toa member of the IRI: for
a recent contribution to the radio art.) To
Leo Esaki (SM’'60), consultant at [BM
Research Lab., Poughkeepsie, N. Y. (on
leave from Sony Corp., Japan) “for im-
portant contributions to the theory and
technology of solid state devices, particu-
larly as embodied in the tunnel diode.”

1961 Browder J. Thompson Memorial
Prize Award. (Awarded for an IRE paper
combining the best technical contribution
and presentation which has been written by
an anthor under thirty.) To Eiichi Goto,
University of Tokyo, Tokyo, Japan, for his
paper entitled, “The Parametron, a Digital
Computing Element which Utilizes Para-
metric Oscillation,” which appeared in the
August, 1959, issue of PROCEEDINGS OF THE
IRE.

1961 Harry Diamond Memorial Prize
Award. (Awarded to a person in government
service for outstanding contributions in the
ficld of radio or electronics as evidenced by
publication in professional journals.) To Hel-
mut L. Brueckmann (SM’49-F’58), U. S.
Army Signal Research and Development
Laboratories, Fort Monmouth, N. J. “for
outstanding contributions to the theory and
technology of antennas.”™

1961 W. R. G. Baker Award. (Awarded
to the author of the best paper published in
the IRE Traxsacrtions of the Professional
Groups.) To Manfred Clynes (SM'49),
Rockland State Hospital, Orangeburg, N. Y.
for his paper entitled, “Respiratory Control
of Heart Rate: Laws Derived from Analog

Continued on page 22,
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Radioactive
Tracers

ASSURE

Positive Seal
ALLEN-BRADLEY

TYPE S
CERAMIC ENCASED

RESISTORS

Detecting leaks so microscopic that less than 1 cc of air (ap-
proximately 1/16 of a cubic inch) would require 30 years to pass
through . . . this ultra-scientific radioactive test is your assur-
ance that the hermetic seal of the resistance unit is virtually
perfect. In the test, resistors go into a tank where the air is
evacuated and radioactive Krypton 85 is introduced under
pressure. After the resistors nave been allowed to “soak’ in o
this atmosphere for several hours, they are removed and indi- ~
vidually placed in a shieldeo chamber equipped with a scintil- I
laiion counter. If any radioactivizy is detected, it indicates a
leak in the seal, and the resistor is rejected. You can depend
on the Allen-Bradley hermetically sealed resistors—they are
what they are claimed fo be!

/ -

This superior testing technique,
which employs radioactive tracers, provides positive proof

A-B TYPE S HOT MOLDED that the hermetic seal of each and every Allen-Bradley
HERMETICALLY SEALED RESISTORS Type S ceramic encased resistor is virtually perfect—it
CeramhiclEncased guarantees that the unit is completely protected against
BNy ) moisture and humidity.
ﬂl‘r

These Type S resistors have a special carbon composition
resistance element and an insulating jacket which are hot
— ) S molded into one integral unit by an exclusive A-B process.

¥ The unit is then encased in a ceramic tube with metal seals.

Type TS~1/8 Watt (MIL Type RC 08—1/10 Watt)

SaE SARMELTES ERERD G 121/ S Combining freedom from catastrophic failure with posi-

i B ‘mg, ; a1 N tive protection against humidity, these ceramic encased

. resistors assure unparalleled performance and absolute re-

Type ES—1 Watt (MIL Type RC 22—1/2 Watt) liability. Made in 2% and 5% tolerances in standard EIA
values up to 22 megohms and higher, on special order.

ACTUAL SIZE For continuous reliability, specify A-B Type S ceramic

encased resistors. Send for Technical Bulletin 5003, today.

A LLE N - B B.A D LE Y I gﬂ‘:ilt:i::gnic Components

Allen-Bradley Co., 114 W. Greenfield Ave., Milwavkee 4, Wis. [ In Canada: Allen-Bradley Canada Ltd., Galt, Ont.
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Computer Simulation,” which appeared in
the January, 1960, issue of IRE “Traxsac-
acTtioxs ox Municat. ELECTROXICS.

1961 Viadimir K. Zworykin Prize Award.
(Awarded to a member of the IRE for im-
portant technical contributions to electronic
television.) To Peter C. Goldmark (\'36-
M'38-F'13), CBS Laboratories, Stamford,
Conn., “for important contributions to the
development and utilization of electronic
television in military reconnaissance and in
medical education.”

International

UNIVERSITY OF PENNSYLVANIA

The 1961 International Solid State Cir-
cuits Conference will be held February 15-
17, at the University of Pennsylvania and
the Sheraton Hotel, Philadelphia, P’a. Spon-
soring bodies are the IRE  Professional
Group on Circuit Theory, the AIEE, and
the University of Pennsylvania. The formal
opening of the Conference will be Wesdnes-
day afternoon, February 15. T. R. Finch,
Bell Telephone Labs., Inc., Chairman of the
Couference, will deliver the introductory
comments. Also, G. I’ Harnwell, President
of the University of Pennsylvania, will give
a welcoming address. . P. Stern, Elec-
tronics, Lab., G. E. Co., Chairman of the
1960 Conference, will present the 1960 Con-
ference Awards. J. G. Linvill, of Stanford
Lilectronics Labs., Stanford University, will
speak on the subject, “How Can Solid-
State Electronics Mature Without Losing
Its Youth?”

The program of the conference will be
as follows:

Wednesday Morning, February 15

Session 1—New Device Characteristics

Chairman: E. O. Johnson, RCA, Somer-
oille, N. J.

“\ Survey of Tunnel Diode Equivalent
Circuits,” E. Baldinger, Univ. of Basel, Basel,
Switzerland.

“Efficiency and Lincarity of Multi-Con-
tact Hall Plates,” . .Irlt, Philips Zentralla-
boratorium, Eindhoven, [Holland.

“An Analysis of a Nonlinear Transmission
Line,” R. B. Riley, Hewlett-Packard Co., Palo
Alto, Calif.

“A Comparison of the Diffusion-Limited
Semiconductor Diode and the Space-Charge-
Limited Dielectric Diode,” G. T. Wright,
Univ. of Birmingham, Birmingham, England.

“Superconducting Tunneling Devices,”
I. Gaever, Res. Lab., G. E. Co., Schenectady,
N. Y.

Session 2—Microwave Amplifiers

Chairman: E. 1. Sard, Airborne Instru-
ments Lab., Melville, N. Y.

“The Characteristics of an Esaki-Diode
at Microwave Frequencies,” H. Fukui, Sony
Corp., Tokyo, Japan.
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1961 William J. Morlock Professional
Group on Bio-Medical Electronics Prize
Award. (Awarded for important contribu-
tions in the field of Bio-Medical Electronics
and given for the first time this year.) To
Britton Chance (M'46-SXM'16-F'S54), Pro-
fessor and Director, Johnson Research
Foundation, University of Pennsylvania,
Philadelphia, Pa., “lor the application of a
variety of advanced electronic techniques
in a long-term program of fundamental bio-
logical research.”

PROFESSIONAL GROUP NEWS

At its meeting on November 14, 1960,
the IRE Executive Committee approved
the following new Chapters: PG on Bio-
Medical Electronics—Cleveland Chapter,
PG on Electronic Computers—Joint New
York and Northern New Jersey Chapter,
and PG on Radio Frequency Interference —
San Francisco Chapter.

Solid State Circuits Conference

AND SneraToN HoTeL, Proinaperens, Pa, Fesreary 15-17, 1961

“Some  X-Band  Microwave Tunnel-
Diode Circuits,” R. Trambarulo, Bell Tele-
phone Labs., Inc., [Tolmdel, N. T

“Parametr ¢ Excitation and Amplitica-
tion Using IZsaki Diodes.” T Yamamoto and
A. Kishimoto, Res. and Dev. Center, Japan
Defense Agency, Japan.

“High-Frequency and High-Power Oper-
ation of Tunnel Diodes,” C. 8. Kimand J. B.
Hopkins, Electronics Lab., G. E. Co., Syra-
cuse, N, Y.

“Waveguide Parametric Amplitiers,”
B. C. DelLoach, Jr., Bell Telephone Labs.,
Inc., Holmdel, N. J.

Wednesday Afternoon
Session 3—Logic I

Chairman: J. J. Suran, Electronics Lab.,
G. E. Co., Syracuse, N. Y.

“Parametron and Tunnel Diode Progress
in Japan,” E. Goto, Univ. of Tokyo, Tokyo,
Japan.

“The Neuristor,™ H. D. Crane, Stanford
Res. Inst., Menlo Park, Calif.

“Gain and Geometrical Considerations
in Planar Optoclectronic Circuits,” 7% E.
Bray, Electronics Lab., G. E. Co., Syracuse,
N. Y.

“Flow Table Logic,” J. A. O'Connell, E.
J. Skiko, and P. Low, IBM Corp., Pough-
keepsie, N. Y.

“Hydraulic Counterparts of Electronic
Logic Components as Possible New LEle-
ments for Control,” 1. II. Glaettli, IBAM
Corp., Zurich, Switserland.

Session 4—Power and Control

Chairman: . F. Pittman, Westinghouse
Electric Corp., Pittsburgh, Pa.

“Calculation of Offset Voltage in Satur-
ated Switches,” J. Gibbons, Stanford Univ.,
Stanford, Calif.

“A New DC bilferential ‘Fransistor
Amplifier,” D. Ililbiber, Fairchild Semicon-
ductor Corp., Palo Alto, Calif.

“Improved Magnetic Voltage Stabilizer
Employing Silicon-Controlled Rectifiers,”
E. W. Manteuffel, Advanced Systems Lab.,
G. E. Co., Ithaca, N. Y.
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“\ Control Cireuit for PNPN Regulated
Rectifiers,” R. J. [lealey, Bell Telephone
Labs., Inc., N. Y, N. Y.

“Redundancy ‘Techniques in Reliable
Power Supply Design,” D. A. Paynter and
1. . Mathis, Electronics Lab., G. E. Co.,
Syracuse, N. Y.

Wednesday Evening

Informal Discussion Sessions
1—High-Frequency Measurements and
Characterization of Transistors

Moderator: 1. K. Rapp, Philco Corp.,
Philadel phia. Pa.

Panel Members: M. M. McVhorter,
Stanford Univ.. Stanford, Calif.; V. Il
Grinich, Fairchild Semiconductor Corp., Palo
Alto, Calif.; V. R. Saari, Bell Telephone
Labs.. Inc., Murray 10Lll, N. J.; V. C.
[Twang, Electronics Lab., G. E. Co., Syracuse,
N. Y.; R P. Abraham, Texas Instruments
Inc., Dallus, Tex.; E. J. Rymaszewski, [BM
Corp.. Poughkecpsie, N. Y.

2—Microwave Applications

Aloderator: R. M. Ryder, Bell Telephone
Labs., Inc., Murray 11ill, N. J.

Panel Members: M. E. Hines, Microwave
Associates, Inc., Burlington, Mass.; B. C.
Deloach, Bell Telephone Labs., Inc., Ifolm-
del, N. J.; F. R. Arams, Airborne Instru-
wments Labs., Melville, N. Y.; E. Baldinger,
Univ. of Basel, Basel, Switserland; J. II.
Forster, Bell Telephone Labs., Inc., Murray
Hill, N. J.; E. Stern, Electronics Lab., G. E.
Co., Syracuse, N. Y.; K. K. N. Chang, RCA,
Princeton, N. J.

3—Micro-Power Circuit Operation

Moderator: R. L. Trent, Fairchild Semi-
conductor Corp., Mountain View, Calif.

Panet Members: C. D. Simmons, Philco
Corp., Lansdale, Pa.; R. D. Lohman, RCA,
Somerville, N. J.; G. Saltus, Bell Telephone
Labs., Inc., Whippany, N. J.; R. Schaltz,
Fairchild Semiconductor Corp., Mountain
View, Calif.; R. II. Baker, MIT Lincoln
Labs., Lexington, Mass.; R. A. Henle, IBA
Corp., Poughkeepsie, N. Y.
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precision
Impedance
Meters!

Just because you're working in millimeter bands is
no reason to ““make do”" with lesser specs than you
get from L to KU Bands. It's true that it's more difficult
to maintain top specs at 90,000 mc than at X Band,
for example, but in most cases Narda does it! And
especially, in our slotted lines!

Precision instruments in every way, Narda milli-
meter Impedance Meters give you these important
benefits: Smooth, stable carriage travel, absolutely
parallel to the transmission line axis, with complete
freedom from backlash. Imperceptible slope (0.01
max.), thanks to precision milling of tellurium copper

0 t0 90,000 mc?

Don't & gt

MILLIMETER
IMPEDANCE METERS
Modetl: Price:
K218 $ 500.
v217 600.
Q217 1100.
M217 995,
€217 1650.

main transmission line, followed by a silver plate of
molecular thickness and a rhodium flash.

Residual VSWR is under 1.01 for K and V Bands;
1.02 for Q, M and E. Position of the built-in probe is
measured with a precision dial indicator having a
least count of 0.001”. And as an added advantage,
the probe is usable with any waveguide detector.

All in all, an exceptionally fine instrument — and
yet, typical of all Narda millimeter products. For com-
plete information on the entire line, write for a free
catalog. Address: Dept. PIRE-6.

Rely on narda for these other precision millimeter products:

Direct Reading VARIABLE ATTENUATORS

HARMONIC GENERATORS

High-Directivity DIRECTIONAL COUPLERS

FREQUENCY METERS

SLIDING TERMINATIONS
FIXED TERMINATIONS
TUNABLE SHORTS
CRYSTAL DETECTORS

STANDARD GAIN HORNS

@ the narda

microwave
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118-160 HERRICKS ROAD, MINEOLA, L. I, N. Y. « PIONEER 6-4650
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4—New Logic Techniques

Moderator: E. Stabler, Electronics Lab.,
G. E. Co., Syracuse, N. Y.

Panel Members: I1. D. Crane, Stanford
Res. Inst., Menlo Park, Calif.; U. F.Gianola,
Bell Telephone Labs., Inc., Murray Hill,
N.J.; W. W. Davis, Remington Rand Univac,
St. Paul. Minn.; S. Einhorn, Burroughs
Corp., Paoli, Pa.; M. II. Lewin, RCA Labs.,
Princeton, M. J.; E. Goto, Univ. of Tokyo,
Tokyo, Japan; M K. Haynes, IBM Corp.,
N. Y., N. Y.; G. B. Chaplin, Plessey Co.,
Ld., Ilan!s England J. A. O Connell, IBM
Corp., Poughkeepsie, N. Y.

S5—Reliability

Moderator: B. T. Howard, Bell Telephone
Labs., Inc., N. Y., N. V.

Panel Members: E. R. Kretzmer, Bell
Telephone Labs., Inc., Murray Hill, N. J.;
R. R. Painter, RCA, Somerville, N. J.; J. W.
Tarzwell, Autonetics Div., North American
Aviation, Inc., Douney, Calif.; K. G. Ashar,
IBM Corp., Poughkeepsie, N. Y.; C. H.
Zierdt, G. E. Co., Syracuse, N. Y.

6—Power Conversion and Control

Moderator: L. Bright, Westinghouse Elec-
tric Corp., Cheswick, Pa.

Pane!l Members: D. Paynter, Electronics
Lab., G. E. Co., Syracuse, N. Y.; R. P.
Putkovich, Westinghouse Electric Cnrp Ches-
wick, Pa; H. Storm, General Engrg. Lab., G.
E. Co., Schenectady, N. Y.; A. Walker, West-
inghouse Mfg. Co., Ltd., London, England.

Thursday Morning, February 16
Session 5—New Technologies

Chairman: J. M. Early, Bell Telephone
Labs., Inc., Murray ITill, N. J.

“Problems of Microminiaturization,”
G. Mollenstedt and R. Speidel, Univ. of Tiib-
ingen, Tiilingen, West Germany.

“Progress Report on Thin Film Cir-
cuitry,” R. G. Counihan, IBM Corp., Federal
Systems Div., Kingston, N. Y.

“Investigation of a Thin-Film Thermal
Transducer,” J. G. Gottling, MIT, Cam-
bridge.

“Properties and \pplications of Diffused
Silicon Transistors Using Epitaxial Tech-
niques,” W. B. Cagle, II. J. Patterson, and
H. E. Tulley, Bell Telephone Labs., Inc.,
Whippany, N. J., and Allentown, Pa.

“KMC Planar Transistors in Microwatt
Logic Circuitry,™ D. F. [Allison, R. H. Beeson
and R. M. Shultz, Fairchild Semiconductor
Corp., Palo Alto, Calif.

Session 6—Computer Magnetics

Chairman: R. II. Baker, MIT Lincoln
Lab., Lexington.

“The Application of Domain Wall Mo-
tion to Storage Devices,” . Rubinstein,
T. I.. McCormack and I1. W. Fuller, Lab. for
Electronics, Inc., Boston, Mass.

“\ Study of Switching in Thin Magnetic
Films,” W. Dietrich and W. E. Proebster,
IBAM Corp., Zurich, Switzerland.

“AC and Impulse Switching Techniques
for Fixed Random Access and Analog
Memory Use,” R. E. McMahon, MIT Lin-
coln Lab., Lexington.

“\ Word-Organized Memory Which
Builds Address Decoding Into the Topology
of the Ferrite Sheet,” E. E. Newhall, Bell
Telephone Labs., Inc., Murray I1ill, N. J.

“Circuit Approach for an All-Magnetic
Computing System,” [I. D. Crane and E.
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Van De Riet, Menlo

Park, Calif.
Thursday Afternoon

Stanford Res. Inst.,

Session 7—Logic II

Chairman: G. B. Chaplin, Plessey Co.,
Ltd., Hants, England.

“100-Mc Nonsychronous Computer Cir-
cuitry Using Esaki Diodes,” J. R. Turnbull,
Jr., IBM Corp., Poughkeepsie, N. Y.

“High Speed Switching Circuitry Using
Tunnel Diodes,” W. V. Iarrison and R. S.
Foots, Texas Instruments, Inc., Dallas, Tex.

“Rapid-Transfer Principles for Transis-
tor Switching Circuits,” A. K. Rapp and J.
L. Robinson, Res. Div., Philco Corp., Phil-
adelphia, Pa.

“Determination of the Switching Speeds
of Transistors by Stored Charge and Effec-
tive Life Time,” Y. C. Ilwang, D. S. Cleverley,
and D. J. Monsour, Semiconductor Products
Dept., G. E. Co., Syracuse, N. Y.

“Continuous Phase Regenerative Logic,”
W. F. Chow, Sperry-Rand Corp., Philadel-
phia, Pa.; W. Peil, Ii. Raillard, and R.
Marolf, Electronics Lab., G. E. Co., Syracuse,
N. Y.

Session 8—Microwave Applications

Chairman: A. Uhlir, Jr., Microwave As-
sociates, Inc., Burlington, Mass.

“PIN Diodes for Protective Limiter .\p-
plications,” D. Leenov and J. II. Forster, Bell
Telephone Labs., Inc., Marray ITill, N. J.;
N. G. Cranna, CBS Electronics, Stamford,
Conn.

“Low-Level Garnet Limiters,” /. Grace,
F. R. Arams, and S. Okwil, Airborne Instru-
ments Lab., Melville, N. Y.

“Microwave Tunnel Diode Autodyne
Receiver,” F. Sterzer, A. Presser, and A. H.
Solomon, Electron Tube Div., RCA, Prince-
ton, N. J.

“A New Broadband Absorption Modu-
lator for Rapid Switching of Microwave
Power,” F. Reggia, Diamond Ordnance Fuze
Labs., Washington, D. C.

“Fast One-Kilomegacycle Ferrite
Switch,” E. Stern and R. E. Cole, Electronics
Lab., G. E. Co., Syracuse, N. V.

Thursday Evening
Informal Discussion Sessions

7—Low-Frequency, Low-Level Signal
Amplification

Moderator: W. Moore, Jr., Brown In-
strument Div., Minneapolis-Honeywell Regu-
lar Co., Philadel phia, Pa.

Panel Members: D. B. Bell, Texas In-
struments Inc., Dallas, Tex.; J. S. Mac-
Dougall, Raytheon Co., Needham, Mass.;
D. 1. Robinson, Airpax Electronics, Inc., Ft.
Lauderdale, Fla; E. G. Nielson, Electronics
Lab., G. E. Co., Syracuse, N. Y.; D. Ililbiber,
Fairchild Semiconductor Corp., Palo Alto,
Calif.; M. W. P. Strandberg, Cambridge
Electronics Corp., Newton Lower Falls, Mass.

8—A Second Look at Microelectronics

Moderator: E. Fletcher, MIT, Cambridge.

Panel Members: 4. P. Stern, Electronics
Lab., G. E. Co., Syracuse, N. Y.; J. Nall,
Fairchild Semiconductor Corp., Palo. Alto,
Calif.,; R. Alberts, WADD, Dayton, Ohio; T.
Stanley, RCA Labs., Princeton, N. J.; S. J.
Angello, Westinghouse Electric Corp., Pitts-
burgh, Pa.; V. J. Kublian, Engrg. Lab., U. S.
Army Signal Corps, Fort Monmouth, N. J.;
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R. G. Counihan, IBM Corp., Poughkeepsie,
N. Y.; W. Gaertner, CBS Labs., Inc., Stam-
ford, Conn E. Keonjian, Amencan Bosch
Arma Corp., Garden City, N. Y.; G. Mollen-
stedt, Univ. of Tiibingen, Tiibingcn, West
Germany.

9—Tunnel Diodes

Moderator: E. O. Johnson, RCA, Cam-
den, N. J.

Panel Members: L. Cuccia, RCA, Harri-
son, N. J.; J. T'iemann Res. Lab., G. E. Co.,
Schenectady, N. Y.; S. Sharpe, Bell Telephone
Labs., Inc., Murray Hill, N. J.; J. A. Walsh,
IB) Corp., Poughkeepsie, N. Y.; J. R. Biard
Texas Instruments, Inc., Dallas, Tex.

10—Access and Storage Techniques
A. Lo, IBM Corp., Pough-

Moderator:
keepsie, N. Y.

Panel Members: J. E. Mack, Bell Tele-
phone Labs., Inc., Whippany, N. J.; S. M.
Rubens, Sperry-Rand Univac, St. Paul,
Minn.; M. Rosenberg, Telemeter Magnetics,
Los Angeles, Calif.; E. A. Fisch, Electronics
Lab., G. E. Co., Syracuse, N. Y.; R. Mc-
Mahon, MIT Lincoln Lab., Lexington; J.
Rajchmann, RCA Labs., Princeton, N. J.;
Q. W. Simkins, IBM Corp., Poughkeepsie,
N. Y.

11—Optical Masers

Chairman: A. L. Schawlow, Bell Tele-
phone Labs., Inc., Murray IIill. N. J.

PPanel Members: R. T. Daly, Technical
Res. Group, Inc., Syosset, L. I., N. V.; G. C.
Dacey, Bell Telephone Labs., Inc., Murray
Hill, N. J.; M. Stevenson, IBM Corp., York-
town, N. Y.; G. Wessel, Electronic Lab., G. E.
Co., Syracuse, N. Y.; G. Bernbaum, Hughes
Res. Lab., Malibu, Calif.

Friday Morning, February 17
Session 9—Storage

Chairman: R. A. Henle, IBM Corp.,
Poughkeepsie, N. Y.

“A New Load-Sharing Matrix Switch,”
N. G. Vogl, Jr., IBM Corp., Poughkeepsie,
N. Y.

“A 12-Kilobit, 5-Microsecond Twistor
\ariable Store,” W. B. Gaunt and D. C.
Weller, Bell Telephone Labs., Inc., Murray
i, N. J.

“An Evaporated Film 135-—Cryotron
Memory Plane,”™ J. P. Beesley, Federal Sys-
tems Div., IBM Corp., Kingston, N. Y.

“Coincident  Current Superconductive
Memory,” L. L. Burns, G. A. Alphonse, and
G. W. Leck, RCA Labs., Princeton, N. J.

“High-Speed Tunnel-Diode Memory,”
D. L. Berryand E. A. Fisch, Electronics Lab.,
G. E. Co., Syracuse, N. Y.

Session 10—Communication Circuits
and Techniques

Chairman: R. L. Pritchard, Texas Instru-
ments, Inc., Dallas, Tex.

“Optical Masers,” G. C. Dacey, Bell Tele-
phone Labs., Inc., Murray Ilill, N. J.

“Wide-Band Esaki Diode Amplitiers,”
G. E. Sharpe, Bell Telephone Labs., Inc.,
Murray Hill, N. J.

“High Speed Analog-to-Digital Conver-
ter Utilizing Tunnel Diodes,” R. 4. Kaenel,
Bell Telephone Labs., Inc.. Murray Ilill,
N J.

“Superregenerative Circuits Using Tun-
nel Diodes,” J. F. Boguss and 1. I1. Schaffer,
Res. Div., Philco Corp., Philadelphia, Pa.
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illustrate the significant analysis capability of each
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MANUFACTURERS OF:

UNIQUE FERRITE ISOLATORS

'“' For precise quantitative analysis of: We use a special ferromagnetic
' © Dielectric prqpenies of salids and liquids compound in these units.
) th . : Ferromagnetic effects Result: improved unidirectivity.
A Paramagnetic refaxation and resonance effects
\j,_ L\ : abslothIiOH ;DElea of gases Typical Specifications
{ . suop::go?urducet?vr?tyrepsh?nﬂ:rc\(:na Frequency range: full waveguide bandwidth
=4 © Microwave accelerated particles b * Insertion loss: 1.0 db max

® Radiometry ; Isolation: 30 db min
® Velocity and phase by intgrferometry . VSWR: 1.15 max.
© Transmission and absorption spectrometry % Overall length: 57%"

® Plasma diagnostics

NEW FERRITE- LOADED
oy ﬁ <" CRYSTAL MULTIPLIER

You have long wanted more power at Ultra-

- ? \ microwave® frequencies. These ferrite-loaded
ﬁ f Yy harmonic generators deliver 10 db more power 0{
- r‘ at the second harmonic. =

Units are available with outputs i
to 200 KMC ‘sec. :

slipeeciets
CLICHE' DEPT.

We not only claim
“the most complete line”
—we have it!

STUB TUNERS

—the finest money can buy. offering

precise resettability . . . micrometer
depth control . . . VSWR as high as
20 1, as low as 1.02 . . . micrometer

readout to 0001,

s

Crystal Mounts

0 &
This line——the mosi widely used in % EH Tuners AT e
America today — has opened new --» ‘,-ﬁ
horizons in microwave applications. N
If vou are interested in higher and 4 'N —
higher trequencies. get in touch P+ Y o —
with us—we're now working with ' é J et %

frequencies up to 300 KMC/sec.

.
Cavuty Wavemeters fa_‘ “ . a v
G Stub Tuners : - 13} 23
(H]
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WHAT IS THE FREQUENCY
STANDARD FOR THE U.S.A.?

ANSWER: By act of congress, the U.S. Bureau
of Standards determines the primary standard,
hased on the revolution of the earth. Qur unique
design. methods. and environmentally controlled
calibration procedures enable us to deliver pro-
duction cavity wavemeters calibrated to an
accuracy of 1 x 10*. Transfer of frequency cali-
bration from U.S. Bureau of Standards data is
accomplished well within the limits defined.

Exclusive features:

* Hermetically sealed
* Temp.comp. 10*fM¢c C, - 30to =+ 70°C
¢ Covers full waveguide bandwidth

* High Q values

® .0001 micrometer resolution

PROCEEDINGS OF THE IRE Janvary, 1961

STANDING WAVE DETECTORS

Exceptionally accurate .
itely variable speed drive . . . linear displacement
.. direct phase readout . . . only
30 seconds to change to any of 10 other waveguide
sections, with perfect alignment.

readout to .01 mm .

A CHALLENGE TO YOU!

Buy any one of our 1500 stock items.
Try it. If it doesn’t meet our specifica-
tions, the person who verifies this and
notifies us will receive a reward of $50.00.

This offer holds good for orders placed
until the end of the month following
publication of this issue.

OLD! OLD! OLD!

—yes, we're proud to
have the oldest name
in the business.

. . patented, gearless, infin-

Available from 58 KMC to 300 KMC.
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Professional Groups*

Aeronautical & Navigational Electronics
(G-11)-—-\W. P. MeNally., Servo Corp.,
New South Road. Hicksville, L. 1., N. Y.
H. R. Mimno, Cruft Lab., Harvard Univ.,
Cambridge 38, Mass.

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

Audio (G-1)-—I1. S. Knowles, Knowles Elec-
tronics, 9400 Belmont  Ave., Franklin
Park, 1Il.; M. Camras, Armour Res.
Found., Tech. Ctr., Chicago 16, Il

Automatic Control (G-23)—]. M. Salzer,
Ramo-Wooldridge, 5500 El Segunda,
Hawthorne, Calif.; G. S. Axelby, Westing-
house \ir .Arm Div., Friendship Airport,
Baltimore 3, Md.

Bio-Medical Electronics (G-18)-—1. DI
Schwan, Univ. of Pennsyivania, Moore
School of E.E., Philadelphia 4, PPa.; L. B.
Lusted, Dept. of Radiology, Univ. of
Rochester, Rochester 20, N, Y.

Broadcast & Television Receivers (G-8)-
R. R. Thalner, Sylvania Home Electron-
ics, 700 Ellicott St., Batavia, N. Y.:
C. \W. Sall, RCA, Princeton, N. J.

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

Circuit Theory (G-4)—S. Darlingtou, Bell
Telephone Labs., Murray Hill, N. J.;
M. E. Van Valkenburg, Dept. of E.E.,
Univ. of Hlinois, Urbana, HL

Communications Systems (G-19)—C. L.
Engleman, Engleman & Co., Inc., 2480
16th St.,, N.W., Washington 9, D. C.;
\W. B. Jones, Jr., School of E.E., Georgia
Inst. Tech., Atlanta 13, Ga.

Component Parts (G-21)—F. E. Wenger,
Heuadquarters ARDC, Andrews AFB,
Washingtoun 25, D. C.; G. Shapiro, Engi-

* Names listed are Group Chairmen and TraNs-
AcTtons Editors.

Sections”

neering Electronics Sec., Div. 1.6, NBS,
Connecticut Ave. and Van Ness St.,
Washington 25, D. C.

Education (G-25)—]. G. “Truxal, Head,
Dept. of E.E., Polytechnic Inst. of Brook-
lyn, 333 Jay St., Brooklyn, N. Y.; W. R.
LePage, Dept. of E.E., Syracuse Univ,,
Syracuse 10, N. Y.

Electron Devices (G-15)—A. K. Wing, Jr.,
I'TT Labs., 500 \Washington Ave., Nutley
10, N. J.; E. L. Steele, Hughes Prods,,
Inc., 500 Superior Ave., M.S. A\ 2308,
Newport Beach, Calif.

Electronic Computers (G-16)—A. A. Cohen,
Remington Rand Univac, St. Paul 16,

Minn.; H. E. Tompkins, E.E. Dept.,
Univ. of New DMexico, Albuquerque,
N. M,

Engineering Management (G-14)—H. M.
O’'Bryan, Sylvania Elec. Products, 730
3rd Ave, N. Y. 17, N. Y.; A. H. Ruben-
stein, Dept. of Indus. Engrg., Northwest-
ern Univ., Evanston, Hl.

Engineering Writing and Speech (G-16)—
J. M. Kinn, Jr., IBM Journal, 17th Floor,
545 Madison Ave.,, N. Y., N. Y.; H. B,
Michaelson, IBM Res. Center, Box 218,
Yorktown Heights, N. Y.

Human Factors in Electronics (G-28)—
R. R. Riesz, Bell Telephone Labs.,
Murray Hill, N. J.; J. 1. Elkind, Bolt,
Beranek and Newman, Inc., 50 Moulton
St., Cambridge, Mass.

Industrial Electronics (G-13)—]. E. Eise-
lein, RCA Victor Div,, Camden, N. J.;
R. W. Bull, Coleman Instruments, Inc.,
42 Madison St., Maywood, 11

Information Theory (G-12)—P. E. Green,
Jr., Lincoln Lab., M.LT.,, Lexington,
Mass.; A. Kohlenberg, Melpar Inc., 11
Galen St., Watertown, Mass.

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

Microwave Theory and Techniques (G-17)
—K. Tomiyasu, General Engrg. Lab.,
General Electric Co., Bldg. 37, Schenec-
tady, N.Y.; D. D. King, Electronic Comm.,
Inc., 1830 York Rd., Timonium, Md.

Military Electronics (G-24)—E. G. Witting,

R&D Dept.,, U. S. Army, Pentagon,
Washington 25, D. C.; D. R. Rhodes,
Radiation Inc., Box 6904, Orlando,
Fla.

Nuclear Science (G-5)—L. Costrell, Nu-
cleonic Inst. Sec., NBS, Washington 25,
D. C.; R. F. Shea, Dig Power Plant
Engrg., Knolls Atomic Power Lab., Gen-
eral Electric Co., Schenectady, N. Y.

Production Techniques (G-22)—\V. D.
Novak, General Precision Lab., 63 Bed-
ford Rd., Pleasantville, N. Y.; A. R.
Gray, Rte. #1, Box 940, Orlando-Vineland
Rd., Winter Garden, Fla.

Radio Frequency Interference (G-27)—
R. M. Showers, Moore School of E.E., 200
S. 33 St., Philadelphia 4, Pa.; O. P
Schreiber, Technical Wire Prods.. Inc., 48
Brown Ave., Springtield, N. J.

Reliability and Quality Control (G-7)—
. K. McElroy, General Radio Co., 22
Baker Ave., West Concord, Mass.; W. X.
Lamb, Jr., 22124 Dumetz Rd., Woodland
Hilis, Calif.

Space Electronics and Telemetry (G-10)—
R. \". Werner, Cubic Corp., 5575 Kearney
Villa Rd., San Diego 11, Calif.; F. T. Sin-
nott, Mail Zone 519-30, Convair-Astro-
nautics, San Diego 12, Calif.

Ultrasonics Engineering (G-20)—D. L.
Arenberg, Arenberg Ultrasonic Lab., Inc.,
94 Green St., Jamaica Plain 30, Mass.;
0. E. Mattiat, Res. Div., Acoustica As-
sociates Inc., 415 E. DMoutecito St.,
Santa Barbara, Calif.

Vehicular Communications (G-6)—R. P.
Gifford, General Electric Co., Rm. 206,
Mountain View Rd., Lynchburg Va.;
W. G. Chaney AT&T Co., 195 Broad-
way, N. Y. 7, N. Y.

Akron (4)—V\". ]. Chimera, 2156 Springfield
Center Rd., Akron 12, Ohio.; \W. A. Nank,
91 East Dresden Ave., Akron 19, Ohio.

Alamogordo-Holloman (7)—G. E. Wein-
stein, 23-B Travis Loop, Holloman AFB,
N. M.:\W. S. Stotts, 1507 Michigan Ave.,
Alamogordo, N. M.

Albuquerque-Los Alamos (7)—R. Creveling,
1415 Park Ave., S\, Albuquerque,
N. M.; R. I’. Noble, 7617 Copper Ave.,
N.E., Albuquerque, N. M.

Anchorage (7)—T. R. Young, 415 11th
Ave., Anchorage, Alaska; ]J. T. Little,
Star Route B, Box 3453, Spenard,
Alaska.

* Nunerals in patentheses following sections desig
nate region number. First name designates Chairman;
second name Secretary.
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Atlanta (3)—H. C. Craddock, Jr., 1059
Lindridge Dr., N.E., Atlanta 5, Ga.;
R. L. Ellis, Jr., 77 Karland Dr.,, N\,
Atlanta, Ga.

Baltimore (3)—]J. A. Houston, 1825 Dun-
woody Rd., Baltimore 34, Md.; W. C.
Gore, 1400 Glendale Rd., Baltimore 12,
Md.

Bay of Quinte (8)- -R. Williamson, 74 Selena
Ave., Belleville, Ont., Canada; D. Cowan,
14 Burton, Belleville, Ount., Canada.

Beaumont-Port Arthur (6)—L. O. Seune-
ville, 2519 Poe St., Lake Charles, La.;
H. K. Smith, 270 Canterbury Lane,
Beaumont, Tex.

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

Binghamton (1)—P. L. Neyhart, G. E. Co.,
600 Main St., Johnson City, N. Y,; P. R.
Taylor, Watkins Ave., R.D. #1, Apa-
lachin, N. Y.

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

Buenos Aires 0. C. Fernandez, Trans-
radio Internacional, 379 San Martin,

Buenos .\ires, Argentina; J. I. Steiner,
1345 20 . Uriarte, 2do P. D. to H.,
Buenos \ires, Argentina.

Buffalo-Niagara (1)—7T. D. Mahany, ]Jr.,
19 Wrexham Court South, Tonawanda,
N, Y.; H. C. Diener, Jr., 94 Harvard Ave.,
Depew, NU Y.

Cedar Rapids (5)—D. M. Hodgin, Jr., 3200
Vine Ave., S.E., Cedar Rapids, lowa:
G. R. Marner, R. 3, Marion, lowa.
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RAYTHEON QKK 867 KLYSTRON

Raytheon’s new
QKK 867 Klystron,
slightly enlarged

Now Raytheon offers 250-hour life

Actual maximum

with new klystrons for 50-101 kMc range | =

Raytheon announces five new reflex klystrons in the
50 kMc to 101 kMc frequency band. Featuring smooth
vernier tuning. these integral-cavity tubes require un-
usually low voltages and can be operated from a single
power supply. They are designed and constructed
to withstand vibration of 10 G’s (60 cps}—and

are raled by Raytheon for 250 hours of operation.

Write for detailed application information and spe-
cial development service to: Microwave and Power
Tube Division, Raytheon Company, Waltham 34,
Massachusetts. In Canada: Waterloo, Ontario.

TYPICAL OPERATING CHARACTERISTICS FREQUENCY RANGE IN KMC
T T T
QKK863 r . QKK867
thru QKK866 QKK867 ; L s e _J!
Anode voltage 1400V 1700V l OKHECE
Anode current 40ma 50ma &4 |
Power output 40-400mW  15-40mW | QKK86b '
Reflector voltage  ——-100 to -300V — 64-74kme |
Focus voltage -150V QKK864 '
Heater voltage 2.5V 56-66kmc
Heater current 1.5A | aKkkae3
' Tuner turns 10 50-57kme
Power output (min) 25 mW 10 mW
1| | | |
50 60 70 80 90 100

RAYTHEON COMPANY

RAYTHEON

MICROWAVE AND POWER TUBE DIVISION



Central Florida (3)—\\". S. lines, 1320 In-
dian River Dr., Eau Gallie, Fla.; M. ].
Gould, 19 Azalea Dr., Cocoa Beach, Fla.

Central Pennsylvania (4)—\V. G. Hauser,
1200 West Beaver Ave., State College,
Pa.; E. |. Oelbermann, Jr., Haller, Ray-
mond & Brown, Inc., Science Park, State
College, I’a.

Chicago (5)—K. E. H. Backman, 615
Winston Dr., Melrose Park, lll.; B. G.
Griffith, 2379 Oak T'ree Lane, Park Ridge,
.

China Lake (7)—M1. C. Creusere, Box 516,
China Lake, Calif.; W. E. Loper, Code
3543, USNOTS, China Lake, Calif.

Cincinnati (4)—]. R. Ebbeler, 7030 Ellen
Ave., Cincinnati 39, Ohio; E. J. Emmer-
ling, 5211 Ralph Ave., Cincinnati 38,

Ohio.
Cleveland (4)-—]. R. llooper, Jr., 1606
Compton Rd., Cleveland llecights 18,

Ohto; R. Kazarian, 2031 Lakeview Ave.,
Rocky River, Cleveland 16, Ohio.

Colombia—Chairman to be advised; F. S.
Garbrecht, Apartado Nal. 2773, Bogota,
Colombia.

Columbus (4)—|. S. Boyers, 4168 Green-
view Dr., Columbus 21, Ohio; S. V.
Edens, 6422 Havens Corners Rd., Black-
lick, Ohio.

Connecticut (1)—'1". 1l. Kirby, Mason's
Island, Mystic, Conn.; 1. Flores, S.
Huckleberry Dr., Norwalk, Conn.

Dallas (6)- -H. |. Wissemann, 810 Knott L,
Dallas 8, ‘lTexas; L. B. Wadel, 3546
Caruth Blvd., Dallas 25, Texas.

Dayton (4)- S. M. Schram, Jr., Box 3005,
Overlook Br., Dayton 31, Ohio; W. C.
Eppers, Jr., 5160 Cobh Dr., Dayton 3,
Ohio.

Denver (6)—\\. D). George, Natl. Bur. of
Standards, Boulder Labs., Boulder, Colo.;
J. C. Twombly, Engrg. Bldg. 1, Rm. 102,
Univ. of Colorado, Boulder, Colo.

Detroit (4)-—\W. |. Norris, 2024 Earlmont
Rd., Berkley, Mich.; H. W. Farrs,
Cooley Engrg. Bldg., Univ. of Mich., Ann
Arbor, Mich.

Egypt—H. M. Mahmoud, Faculty of Engrg.,
Fouad I University, Giza, Cairo, Egypt;
El Garhi [. 1 Kashlan, Egvptian Broad-
casting, 4. Shari Sherifein, Cairo, Egypt.

Elmira-Corning (1)—J. F. Frazier, 116
ltamilton Circle, Painted Post, N. Y.;
J. K. Davis, 144 High Rd., Corning, N. Y.

El Paso (6)--\\. lI. DeBusk, 3017 Daisy,
Il Paso, Tex.; E. R. Flottman, 2705 Na-
tions, El Paso, Tex.

Emporium (4) —H. V. Kamler, Jr., 150 Elm-
wood Court, Emporium, Pa.; H. W,
Tlerbert, Sylvania  Elee. Prods., Inc.,
Emporium, Pa.

Erie (1)--F. R. Young, 2727 \W. 32 St,
Frie, Pa.; F. |. Blakeley, 3823 Sassafras
St., Erie, Pa.

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

Florida West Coast (3)-—NMl. R. Donaldson,
Box 11842, St. Petersburg 33, Fla.; M. P.
Smith, Honeyvwell Inertial Guid. Ctr.,
13350 U. S. Highway 19, St. Petersburg,
Fla.

Fort Huachuca (7)—H. G. Ternow, 216
PPeterson St., Box 367, Sierra Vista, Ariz.;
J. R. Lewellyn, P. O. Box 1475, Sierra
Vista, Ariz.

Fort Wayne (5)—S. M. Decker, 2307 Spring-
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field Ave., Fort Wayne, Ind.; A, F. Ordas,
Route 1, Huntertown, Ind.

Fort Worth (6)-—D). G. Harman, 5632 Volder
Drive, Fort Worth 14, Tex.; D. R.
Robertson, 8279 Carrick St., Fort Worth
16, Tex.

Gainesville (3)—C. M. Veronda, 2232 N.\V,
8th Ave., Gainesville, Fla.; M. 15, Fors-
man, College of Engrg.. Univ, of Florida,
Gainesville, Fla.

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

Hawaii (7)—D. L. Pang, 1809 Naio St.,,
Honolulu, HHawaii; R. E. Partridge, Jr.,
521 Lawelawe St., Honolulu 16, Hawaii.

Houston (6)-—R. T. Dosher, Jr., 3730 Ports-
mouth St., Houston 27, Tex.; O. R. Smith,
4606 Stillbrooke Dr., Houston 35, Fex.

Huntsville (3)—0. T". Miller, 412 Graycroft
Dr., S. E., Fleming NMeadows, Huntsville,
Ala.; 1. M. Taylor, Jr., 411 Holmes Ave.,
NV, Huntsville, Ala.

India-—Officers to be elected.

Indianapolis (5)--S. M. Stuhlbarg, 4904
Staughton Dr., Indianapolis, Ind.; C.
Vangelakos, 2032 North New Jersey,
Indianapolis, Ind.

Israel—|. Shekel, Box 1, Kiryat, Motzkin,
[srael; I Bar-David, P.0O. Box 1, Kiryat,
Motzkin, Isracl.

Italy-—.\. Marino, Via Guido d’Arezzo 14,
Rome, Ttaly; G. . Tarchini, Laboratorio
Ricerche Elettr,, Via de Parlamento N.
33, Borgolombardo, Mitan, Faly.

Ithaca (1)-—N\. H. Bryvant, School of [lec.
Engrg., Cornell University, Tthaca, N Y
. R. Mclsaac, 107 Forest Home Dr.,
Ithaca, N. Y.

Kansas City (6)--H. L.. Stout, 425 Volker
Bivd., Kansas City 10, Mo.; E. A MeCall,
10004 E. 34th St., Independence, Mo.

Kitchener-Waterloo (8)- 1. \W. R. Last,
Raytheon Canada Ltd., 61 Laurel St. k.,
Waterloo, Ount., Canada; W. J. Gray,
Rayvtheon Canada, Ltd., Box 8, 400
Phillip St.. Waterloo, Canada.

Las Vegas (7)-R. B. Patten, 2204 Kirkland
Ave., Las Vegas, Nev.: (. R Luetkehans,
4901 Cannon Blvd., Las Vegas, Nev.

Little Rock (6)—R. \VW. Raible, 7024 Clover-
dale Dr., Little Rock, Ark.; L. H. Hardy,
37 Durham Dr., Little Rock, Ark.

London (8)- -G. R. Hosker, Bach-Simpson
Ltd., 1255 Brydges St., London, Ont.,
Canada; G. W. Parsons, 390 DPrincess
Ave., Apt. 307, London, Ont., Canada.

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

Los Angeles (7)—\\. Hausz, 4520 Via Vis-
tosa, Santa Barbara, Calif.; 1L L. Richter,
Jr., Electro-Optical System, 125 North
Vinedo, Pasadena, Calif.

Louisville (5)—W. J. Rvan, 4215 North-
western Pkwy,, Lowsville 12, Ky.; LT
Smith, Kentucky Rural lec. Co-op Corp.,
14515 Bishop Lane, Louisville 18, Ky.

Lubbock (6)—J. R. Fagan, 2006 49th St.,
Lubbock, Tex.; L. A. Pease, 2607 49th St.,
Lubbock, Tex.

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

Milwaukee (5)—IH. M. Schlicke, 7469 N.
Lombardy Rd., Milwaukee 17, Wis.; T H.
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Houle, 1000 S. 56 St., West Ailis 14, Wis.

Mobile (3)—T. tarbin, 4279 "larus Dr,,
Mobile, Ala.; E. G. Schone, Box 4102,
Mobile, Ala.

Montreal (8)—R. J. Wallace, RCA Victor
Co., Ltd., Tube Mfg. Div., 1001 Lenoir
St.. Montreal, Que., Canada; D. J. Wat-
son, 465 Crescent, St. Lambert, Que.,
Canada.

Newfoundland (8)-—Ml. D. MacGray, Ca-
nadian Marconi Co., 3 Prescott St., St.
John's, Newf., Canada; F. A. Mulloy, 55
Calver Ave., St. John's, Newf., Canada.

New Orleans (6)—]. M. Adkins, 611 May-
flower Dr., Metairie, La.; Secretary to be
advised.

New York (2)—]. Fox, Microwave Res.
Iust., Polytech. Inst. of Bklyn, 55 John-
son St., Brooklyn 1, N.Y.; J. M. Kinn,
Jr., IBM Journal, 17th Floor, 545 Madison
Ave, N. Y, N. Y.

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

Northern Alberta (8)— L. N. Donovan, 24
Birch Dr., Box 136, St. Albert, Alberta,
Canada; W. 1. Cunningham, 10265
Princess Elizabeth Ave., Edmonton, Al-
berta, Canada.

Northern New Jersey (2) —-G. M. Anderson,
9 Jeffric Trail, Whippany, N. [ J. R.
Fiegal, Bell ‘Telephone Labs., Murray
Thl, N. .

Northwest Florida (3)-—R. B. Coe, 40 LZlliott
Rd., Fort Walton Beach, Fla.; J. C.
Bloomquist, 652 Oleander Dr., Garniers
Beach, Fort Walton, Fla.

Oklahoma City (6)—1l. E. Phillips, 524
NV 19 St Oklahoma City 3, Oklag;
K. W. Kruger, 4328 N.\V. 43 St., Okla-
homa City, Okla.

Omaha-Lincoln (5)- -B. [.. Duubar, KQAL-
FM, Omaha 2, Neb.; R. A, Stratbucker,
University of Nebraska, College of Medi-
cine, 42 & Dewey Ave,, Omaha, Neb.

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

Ottawa (8)— R. S. Thain, 54 Rossland Ave,,
Ottawa 5, Ont., Canada; A. R. Molozzi,
82 Stinson Ave., Lynwood, Bells Corers,
Oant., Canada.

Philadelphia (3)-W. I Sumerlin, Box
215, Radnor, Pa.; R. G. Adamson, 524
South Bowman Ave,, Merion, Pa.

Phoenix (7)—]. M. Ross, Motorola, Inc,
3102 N. 56 St., Phoenix, Ariz.; R. AL
Echols, 313 N. Ninth St., Phoenix, Ariz.

Pittsburgh (4)--R. I1. Delgado, 954 Brent-
view Dr., Pittsburgh 36, Pa.; |. Lempert,
Westinghouse Res. Lab., Beulah Rd.,
Churchill Borough, Pittshurgh 35, Pa.

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

Princeton (2)—\\". . 1loughton, 806 King-
ston Rd., Princeton, N. J.; J. B. Thomas,
Dept. of E.E., Princeton Univ., Princeton,
N. L

Quebec (8)—J. IX. Dumas, 2837 Montar-
ville St., Ste. Foy, Que., Canada; R. S.
Larsen, 58 Pierre Maufay, Ste. Foy, Que.
10, Canada.

Regina (8)—IL. Kaldor, Communications
Eugrg., Saskatchewan Power Corp., Re-
gina. Sask., Canada; S. K. Smith,
Saskatchewan Gov't. Tel., 2350 Atlbert,
Regina, Sask., Canada.
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ARNOLD 6T CORES:
PROTECTED AGAINST SHOCK,
VIBRATION, MOISTURE, HEAT...
AVAILABLE FROM STOCK

The hermetically-sealed aluminum
casing method developed exclu-
sively for Arnold 6T tape cores is
packed full of advantages for you

. . performance-improving and cost-
saving advantages.

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

PROCEEDINGS OF THE IRE
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resistance to shock and vibration

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

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

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

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

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

ADDRESS DEPT. P-1

oooooo

#ARNOLD

SPECIALISTS in MAGNETIC MATERIALS

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




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

Rochester (1)-—H. F. Hicks, Jr., 120 Lynn-
wood Dr., Rochester 18, N. Y.; D. Y.
Keim, 55 Council Rock Ave., Rochester
10, N. Y.

Rome-Utica (1)—M. . Forte, 904 De\Vitt
Lane, Rome, N. Y.; D. L. Dakan, 102
Victory Dr., Rome, N. Y.

Sacramento (7)—F. C. Jacob, Dept. of
Agricultural Engrg.,, Univ. of Calif,
Davis, Calif.; J. R. Kowalczyk, 3730 Las
Pasas Way, Sacramento 25, Calif.

St. Louis (6)—R. D. Hill, Jr., 363 Gray Ave.,
Webster Groves 19, Mo.; G. E. Barnard,
639 N. 69 St., LEast St. Louis, 11l

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

San Antonio-Austin (6)—G. E. White, Box
9006, Allandale Station, Austin 17, Tex.;
F. X. Bostick, 5002 Beverly Hills Dr.,
Austin 3, Tex.

San Diego (7)—R. E. Honer, 5462 Mary
Lane Dr., San Diego 15, Calif.; E. W.
Carlson, 3154 Bremerton I’l., La Jolla,
Calif.

San Francisco (7)—D. A. Dunn, Stanford
Electronics Labs., Stanford Univ., Stan-
ford, Calif.; P. D. Lacy, 324 Lakeview
Way, Redwood City, Calif.

Schenectady (1)—R. P. \Wellinger, 309
Riverside Ave., Scotia, N. Y.; B. J. Shinn,
2000 Baker Ave., Schenectady 9, N. Y.

Subsections

Seattle (7)—D. K. Reynolds, Dept. of Elec.
Engrg., Univ. of Washington, Seattle 5,
Wash.; R. M. Lundberg, 9115 N.E. 21
St., Bellevue, Wash.

Shreveport (6)—D. L. Johnson, Louisiana
Polytech. Inst.,, Elec. Engrg. Dept,,
Ruston, La.; R. M. Steere, 406 \Vest
Florida Ave., Ruston, La.

South Bend-Mishwaka (5)—C. H. Hoffman,
52663 Lynnewood Ave., South Bend, Ind.;
D. L. Cunningham, 16269 Shamrock Dr.
Mishawaka, Ind.

South Carolina (3)—P. A. McMasters, 5809
Moore St., N. Charleston, S. C.; H. L.
Hunter, 49 Fort Dr., Rte. 6, Box 423,
North Charleston, S. C.

Southern Alberta (8)—A. P. Davis, 47
\Wildwood Dr., Calgary, Alberta, Canada;
G. L. Sadler, 2520-32 Ave., S.\V,, Calgary,
Alberta, Canada.

Syracuse (1)-—R. N. Lothes, G.E. Co,
De\Witt Engrg. Office, 3711 Erie Blvd,
E., De Witt, N. Y.; R. E. Gildersleeve,
110 S. Burdick St., Fayetteville, N. Y.

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

Toledo (4)—R. N. Hanna, 1924 Glencairn
Ave., Toledo 14, Ohio; H. K. Seike, 2920
Kendale Dr., Toledo 6, Ohio.

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

Tucson (7)—E. L. Morrison, Jr., 4549 E.
Eastland St., Tucson, Ariz.; W. Bastian,
7132 E. 31 St., Tucson, Ariz.

Tulsa (6)—H. B. Ferguson, 4530 E. 32
Place, Tulsa, Okla.; J. M. Bushnell,
KVOO-TV, Box 1349, Tulsa, Okla.

Twin Cities (5)—]. Kahnke, 1541 Edge-
water Ave., St. Paul 13, Minn.; C. G.
Compton, 1011 Fairmount Ave., St. Paul
5, Minn.

Vancouver (8)—\\. . Thompson, 2958
\West 28 Ave., Vancouver 8, B. C., Can-
ada; D. H. J. Kay, 4539 Imperial St.,
Burnaby, B. C., Canada.

Virginia (3)—R. \W. Morton, Box 96, Den-
bigh, Va.; ]J. B. Spratley, Ellerson, Va.

Washington (3)—D. C. Ports, Jansky &
Bailey, 1339 Wisconsin Ave.,, N.W,,
Washington 7, D. C.; C. R. Busch, 2000
N. Vermont St., Arlington 7, Va.

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

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

Wichita (6)—M. E. Dunlap, 548 S. Lorraine
Ave., Wichita 16, Kans.; N, J. Damaskos,
7803 East Indianapolis, Wichita 7, Kans.

Williamsport (4)—I). M. Jewart, 1400
Faxon Pkwy., Williamsport, Pa.; G. W.
Deming, 1891 East 3rd Williamsport,
Pa.

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

Buenaventura (7)—T. A. Solferino, 533 East
Guava St., Oxnard, Calif.; J. A. Frederick,
455 Corsicana Dr., Oxnard, Calif.

Burlington (5)—I>. D. Keser, Box 123, Bur-
lington, lowa; C. D). Cherryholmes,
2072 Highland, Burlington, lowa.

Catskill (2)-—E. L. Johnson, 10 Kiersted
Ave., Kingston, N. Y.; C. R. Eickhorn,
Jr., 10 Park Circle, Mount Marion, N. Y.

East Bay (7)-—A. ]. Stripeika, 2759 Miranda
Ave., Alamo, Calif.; J. T. Lavrischeff,
7029 Cutting Blvd., E1 Cerrito, Calif.

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

Fairfield County (1)—J]. M. Hollywood,
Box 355, Greenwich, Conn.; R. Town-
send, 60 Du Bois St., Darien, Conn.

Lancaster (3)—\W. N DParker, 1493 Holly-
wood Dr., Lancaster, Pa.; |. Evans, 2109
Lyndell Dr. Lancaster, Pa.

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

Lehigh Valley (3)--14. A. Tooker. 2524
Fairview St., Allentown, ’a.; M. C. Waltz,
Bell Telephone Labs.. 555 Union Blvd,,
Allentown, Pa.

Memphis (3)-—J. J. Freymuth, 3205 Guern-
sey Ave., Memphis 12, Tenn.; Brother
1. John Haas, Christian Brothers College,
Memphis 4, Tenn.
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Merrimac Valley (1)—C. E. White, 16 Dale
St., West Peabody, Mass.; D. Christian-
sen, 12 Hay St., Newbury, Mass.

Mid-Hudson (2)—\W. D. Reiner, IBM
Corp., Dept. 553, Bldg. 703, Poughkeep-
sie, N. Y.: B. Augusta, 53 Colburn Drive,
Poughkeepsie, N. Y.

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

Nashville (3)—P. E. Dicker, 4208 \Wallace
Lane, Nashville 12, Tenn.; R. L. Hucaby,
945 Caldwell Lane, Nashville 4, Tenu.

New Hampshire (1)—R. Baer, 134 May-
flower Dr., Manchester, N. H.; F. ].
Saftord, 71 Concord St., Nashua, N. 1.

Northern Vermont (1)-—F. ]J. M. Sichel, 35
Henderson Terrace, Burlington, \t.;
W. C. Chase, WDEV, 9 Stowe St.,
Waterbury, Vt.

Orange Belt (7)—]. R. Mickelson, Convair,
Zone 6-87, P. O. Box 1011, Pomona,
Calif.; G. E. Kinzer, 2856 Ronald St.,
Riverside, Calif.

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

Pasadena (7)—]J. \W. Thatcher, 936 Win-
ston Ave., San Marino, Calif.; R. L.
Heacock, 2532 Hanning Ave., Altadena,
Calif.
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Pikes Peak (6)—A. O. Behnke, 1445 North
Foote, Colorado Springs, Colo; Sccretary
to be advised.

Reading (3)—\\. I. Huyett, 1020 \Wyomis-
sing Blvd., Wyomissing, Pa.; R. H. Lund-
berg, 3312 Harrison Ave., Reading, Pa.

Richland (7)—P. R. Kelly, 220 Delafieid,
Richland, Wash.; G. L. Erickson, 213
Armistead, Richland, Wash.

San Fernando Valley (7)-—]. D). Wills,
6606 Lindley, Reseda, Calif.; C. Z.
Becker, RCA, 8300 Balboa Ave., Van
Nuys, Calif.

Santa Ana (7)—D. R. Proctor, 1601 Last
Chestnut Ave., Santa Ana, Calif.; J. C.
Hathaway, Collins Radio Co., 3324 W,
Delhi Rd., Santa Ana, Calif.

Santa Barbara (7)-—S. D. Crane, 590 Barker
IPass Rd., Santa Barbara, Calif.; D. L.
lerr, 24 E. [Pedregosa St., Santa
Barbara, Calif.

South Western Ontario (8)—W. A. Ruse,
Bell Telephone Co., 1149 Goyeau St.,
Windsor, Ont., Canada; G. L. Viirtue, 619
Lounsborough  Rd., Sandwich-South,
Windsor, Ont., Canada.

Westchester County (2)—S. Sherr, 35
Byway, Hartsdale, N. Y.; S. K. Benja-
min, 59 Cooper Dr., New Rochelle, N. Y.

Western North Carolina (3)—L. L. Caudle,
Jr., Box 2536, 1901-25 N. Tryon St.,
Charlotte, N. C.; |. 1. Barron, Southern
Bell T&T Co., Box 240, Charlotte, N. C.
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Astropower, Inc. has been formed as a subsidiary of
Dcuglas Aircraft Company with Mr, Y, C. Lee, internation-
ally noted propulsion expert, as president.

In offering its services for research and development of
advanced space propulsion systems to system contractors
and government agencies, Astropower will operate as an
independent company. The proprietary interests of major
systems and sub-systems contractors will be respected and
protected by both Douglas and Astropower.

A balanced engineering and research program is now
being formulated to advance the state of the art in—

¢ Ultra-high energy propulsion systems in the nuclear,
chemical and electrical fields

¢ Solid state devices and energy conversion equipment

Mr. Lee is now staffing key positions in Astropower, Inc.
and will welcome inquiries from qualified engineers and
scientists having advanced degrees in the areas of nuclear
physics, plasma physics, solid state physics, thermody-
namics and high temperature materials.

Astropower’s permanent scientific and engineering
center will be located in one of Southern Cali-
fornia’s ideally situated research communities.

ASTROPOWER, INC.

Temporary headquarters: 3801 Lakewood Boulevard, Long Beach, California

PROCEEDINGS OF THE IRE Janvary, 1961
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NEWS
New Products

e

Super-Temp Expands R&D

American Super-Temperature Wires,
Inc., Winooski, Vt., a subsidiary of Haveg
Industries, Inc., a supplier of Teflon and
silicone rubber insulated wire and cable,
has completed the cxpansion of its re-
search and development department. The
section now occupies almost 4000 square
feet, virtually doubling the previous facili-
ties. The new equipment is now in opera-
tion and not only permits the company to
run all necessary qualification tests, but
provides lacilities to develop a larger
product line.

Of particular interest to purchasers of
high-temperature wire is the installation
of a new corona tester and high voltage di-
electric tester. The ratings of the equip-
ment are as follows: 15,000 volts ac maxi-
mum corona and 30,000 volts ac maximum
diclectric.

Panel-Mounted Fan

McLean Engineering Laboratories,
P.O. Box 228, Princeton, N. J., has an-
nounced the production of a new panel-
mounted fan to be installed on the outside
of electronic racks. The fan is designed to
pressurize the cabinet with air filtered
through a permanent, washable-type filter.

Designated as Model 1PB65W, it is in-
stalled from outside the rack and uses a
minimum of cabinet area. The filter is
also accessible from the outside of rack
and may be serviced without removing
the fan mounting bolts. The fan has a
shallow depth which makes it adaptable
for use in densely packed racks.

Model 1PB65W moves 295 cfm, and is
equipped with a ball bearing motor which
meets Specifications CC-M-636\. The
lubricant is a MIL-G-3278 having a tem-
perature range of —62°C to +93°C. Ship-
ment can be made from stock.

For specifications, prices and other in-
formation contact the firm.

Connector Catalog

Complete technical data on the Foam-
flex series of coaxial connectors manu-
factured by Kings Efectronics Co., Inc., 38
Marbledale Rd., Tuckahoe, N. Y., are
contained in their new 8-page catalog just
issued. These connectors are designed for
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These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

use with Phelps Dodge Copper Products
Corporation’s Foamflex Cable.

Also featured in this 2-color bulletin
are connectors which are specifically de-
signed for applications involving Phelps
Dodge's Spirafil and Styroflex Cables.

A copy of the Foamflex catalog may be
secured by writing the manufacturer.

Cardon Appointed
By Servo Corp.

In line with the Government’s latest
trend toward total project supervision,
with more direct interest being shown in
sub-contracts as
well as primes,
Servo Corporation
of America, Ilicks-
ville L. 1., N. Y.,
named Jnles Car-
don  manager of
Government Sales.

In a simulta-
neous move Servo
acted to integrate
all its government
contract and sub-
contract activities
under the direction of the new unified
marketing group to be headed by Cardon.

The organizational change merges the
two distinct sales groups which formerly
marketed Servo capabilities, facilities, and
products to the government and prime
defense contractors separately. In effect,
the former Government Sales and Weap-
ons and Sub-System Sales Divisions are
now merged into a single Government
Sales group.

The move also completes re-organiza-
tion of Servo's sales department according
to the company’s over-all marketing plan,
a Servo spokesman stated.

Beacon Code Simulator

&3

Micro-Tel Corp., 2127 Maryland Ave.,
Baltimore 19, Md., announces the avail-
ability of Model PSG-10A Beacon Code
Simulator. The instrument is a double-

pulsed microwave signal source covering
2.7 to 2.9 kimc and 5.1 to 5.9 kmec. Pulse
width can be adjusted from 0.3 to 10 usec,
pulse spacing from 0 to 100 usec, and PRF
from 10 to 2000 pps. An additional feature
is that parallel sets of pulse controls can be
used to pre-set all pulse parameters in
cither “C” or “S” band. 100 milliwatts of
pulse or cw power is available in both
bands through 40 db variable attenuators
for sensitivity measurements. The entire
instrument is housed in a 19X103X15"
cabinet and will operate from 60 to 400 cps
power source. Primary purpose of the in-
strument is to check sensitivity and pulse
decoding circuitry of radar beacons. For
further information, contact the firm.

Hines Appointed by
Microwave Associates

Microwave Associates, Inc., Burling-
ton, Mass., announces the appointment of
Marion E. Hines to the newly created
position of Senior
Scientist. Hines
will coordinate the
company'’s exten-
sive research activi-
ties in solid state
circuits and  will
initiate  two new
programs which
will lead to the
company’s entry
into microwave os-
cillators and micro-
wave amplifier-
down converters both using Esaki (tunnel)
diode techniques.

Hines was previously associated with
the Bell Telephone Laboratories, Inc., at
their New York City, Allentown, Pa., and
Murray Hill, N. J. laboratories. e has
been active in the development of micro-
wave electron tubes, development of tele-
phone transmission systems and in re-
search on solid state electron devices. His
most recent work has been involved with
rescarch on Esaki (tunnel) diodes for ap-
plication as microwave oscillators and
amplifers.

At the Bell Laboratories, Hines was an
instructor in electron tubes for the Com-
munications Development Training pro-
gram and has receutly been a visiting
lecturer at the University of Pennsylvania.

Ilines is a graduate of the California
Institute of Technology where he obtained
a Bachelor’s degree in 1940 and a Master’s
degree in Electronic Engineering in 1946.
ile served as a weather officer in the Air
Force during World War I1.

lle holds numerous patents in the
fields of electron tubes, electronic circuits,
and semiconductor devices.

(Continued on page 157.1)
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...with off-the-shelf components

T
Delco Radio can design, develop and deliver digital computers with the speed you need, for airborne
guidance and control as well as a wide variety of other special applications. B With off-the-shelf

Delco transistorized digital circuits, we have, for example, built a computer for a military

application in less than three months. B These miniature modules contain
standard components. They satisfy all MIL-E-5272D (ASG) requirements,
which assures extremely rugged, reliable computers. Continuing life tests on

these computer circuits now exceed four and one-half million transistor hours without a failure. And where space is no problem, you
can have these same, reliable digital circuits packaged on plug-in circuit cards. B Delco Radio has six sections of highly experienced
people with the necessary capabilities to produce complete computer systems: Application Analysis, Systems, Logic, Memory,
Circuit Design and Advanced Development. May we review your requirements? Just contact our Sales Department. B Physicists
and Electronics Engineers: Join Delco Radio’s search for new and beiter products through Solid State Physics.

[DELCO

RADIO

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS

Division of General Motors « Kokomo, Indiana
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calibrate
AC measuring

Instruments,
design servo or gyro
equipment, or
evaluate magnetic

properties...

use a KINTEL 601A AC
Voltage Standard

The KIN TEL Model 601A AC Voltage
Standard is an exceptionally stable
and accurate AC calibration source.
It produces AC at 60, 400, or 1000
cps, from 1 to 501 volts. Voltage
accuracy is within 0.1% or 5 milli-
volts; short-term stability, 0.01%.
The frequency is stable within 1.0%,
and harmonic distortion is less than
0.3%. Output capability is 5 amps
up to 5 volts, 25 watts above 5 volts.
The output is floating and guarded.
Price: $4500.

Representatives in all major cities

A DIVISION OF

ELECTRONICS, |

5725 Kearny Villa Road, San Diego 11, California
Phone: BRowning 7-6700

J6A

T AT

Industrial

Engmeermg Notes

ASSOCIATION ACTIVITIES

Electronic component sales will rise
from their present level of $3 billion a year
to $5 billion within the next 10 years, L.
Berkely Davis, President of the Electronic
Industries Association and Vice President
of the General Electric Co., predicted in
a speech before the Washington Society
of Financial Analysts.

Mr. Davis warned, however, that any
company which intends to compete serious-
ly in the component business must be able
to invest “substantially” in research and
possess the technological capabilities for
volume production at mass-production
prices,

“Despite the aura of glamour and the
still-glowing prospects for a continued
rapid growth, electronic components right
now is a tough business, and it is rapidly
getting tougher,” Mr. Davis said.

Developments in components provide
the key to growth in all electronics markets,
Mr. Davis said. As examples of how new
components have extended the range and
capability of electronics, he called atten-
tion to the introduction of solid-state de-
vices in one of the new model automobiles,
the dependence of dial telephones upon
new components, and the use of electronic
control circuits in the baking and steel in-
dustries.

Since components are basic to all kinds
of electronic equipment, growth in this seg-
ment of the electronics industry will follow
expansion patterns for the industry as a
whole, Mr. Davis observed. In 1970, he
said, the military market will still be the
largest, “but industrial sales will be chal-
lenging for the lead and the consumer mar-
ket will have grown signilicantly, largely
through the introduction of a host of ex-
citing and entirely new kinds of equip-
ment.”

GOVERNMENTAL AND LEGISLATIVE

It may take up to six months for the
Federal Communications Commission to
reach a decision on whether to permit the
Hartford Phonovision Co. to run tests of
subscription television in Hartford, Conn.,
it was reported.

A lengthy study was indicated by the
massive collection of testimony recorded
during the Commission’s five days of hear-
ings on pay-TV,

A delay on a decision past January 3,
when the 87th Congress convenes, would
permit Congressional intervention in the
pay-TV action, Rep Emanual Celler
(D., N. Y.) stated in a letter sent to the
FCC durmg the hearings that “many mem-
bers of Congress” are opposed to subscrip-
tion TV. He urged that the Commission
delay authorization until Congress is back
in session.

Meanwhile, the National Association
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of Broadcasters joined the Connecticut
Committee Against Pay-TV in opposing
the proposed tests. In testimony given
during the closing sessions of the hearings,
Charles H. Tower, N AB Vice P’resident for
Television, said the broadcasting would be
in direct competition with other com-
mercial TV stations.

Mr. Tower was not permitted to read
an NAB statement after protests by the
Phonovision attorney. e appeared as a
public witness and his testimony was elic-
ited through questioning and cross-exami-
nation.

A system which utilized an electronic
reader and printer for one-second trans-
mission of letters from city to city was
demonstrated by the Post Office Depart-
ment in Washington.

The new Speed Mail system sped letters
from Washington to Battle Creek, Mich.,
and Chicago at a rate of 400 times faster
than facilities used by the major press
associations for transmission of photo-
graphs. The system transmits by micro-
wave and uses facsimile reproduction
equipment to convert the impulses into the
printed letters. The letters are read only
by the sender and the recipient.

The “brain” of the system, the Post
Office Department said, is a complex elec-
tronic scanner which operates by sweeping
a tiny spot of light across the face of a
cathode ray tube 360 times a second. The
spot is focused on the letter being trans-
mitted as it moves along a conveyor belt.
The light is picked up by a photomuitiplier
tube, which puts out a voltage proportional
to the reflections from light and dark arcas
of the paper. The varied impulses are
shaped into levels denoting either black or
white and these are transmitted to the
printer.

A cathode-ray tube in the printer at
the receiving end of the system is syn-
chronized with the scanner. Since the spot
of light emitted by this tube is modulated
by the voltage output from the photo-
multiplier, the varying light source is used
to produce the transmitted image on a
light-sensitive, electrostatically charged
surface of a rotating xerographic drum.
A powder process transfers the printed
material to the paper.

Postal engineers have recommended a
nation-wide network of Speed Mail sta-
tions in 71 large post offices located to
provide links between major population
centers.

Prime contractor for the system was the
International Telephone and Telegraph
Corp. Other contractors were the Strom-
berg-Carlson Division of General Dynam-

(Continuned on page 384)

* The data on which these NOTEs are based
were selected by permission from 1Weekly Report
issues of October 31 and November 7, 1960, pub-
lished by the Electronic Industries Assocnanon,
whose helpfulness is gratefully acknowledged.
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NEW! |
RECT READING
FREQUENCY METER

a full octave and beyond
3.95 to 11.0 KMc

T

Model No. N414A

Price: $495.00

DELIVERY FROM STOCK

Meet the newest member of the FXR *‘family’’ of direct read-
ing frequency meters. This coaxial type, Model No. N414A, has
a range from 3.95 KMc to 11.0 KMc and by use of FXR Series
601 coax to waveguide adapters converts to waveguide set-
ups. The unit covers "*a full octave and beyond’ with an abso-
lute accuracy of 0.1% throughout its range. It is a perfect
companion for the FXR Models No. C772 and X772 signal
sources.

FXR “FAMILY” OF DIRECT READING

Direct reading from 3.95 to 11.0 KMc¢
Covers a full octove and beyond
Reaction type with 0.19% absclute accuracy
Non-contacting choke for long life and high Q
Standard Type N Connectors for universal utilization

This newest direct reading frequency meter augments FXR's
existing line, recognized as the largest in the industry. Direct
reading, reaction type units are available for use up to 39.5
KMc while micrometer types extend FXR’s coverage up to
220 KMc.

Write or call now for data sheets on Model No. N414A and other
units in the integrated FXR family of precision frequency meters.

REACTION TYPE FREQUENCY METERS

Price
(F.0.8.
Woodside))

::ﬂht!
oo |

Waveguide
Type
RS- )/U

Flange

n;uucy s
an, -
ue-{ /U

Model
No.

Apprax.
ox..

COAXIAL TYPES

N410A | 1.00- 4.00] 0.10 | 3000 | (%" Coax TypeN) | $495.00

N414A | 3.95.11.0 | 0.10 | 500 to 1500]| (%" Coox TypeN] | 495.00

WAVEGUIDE TYPES

*H4108 3.95- 5.85 0.08 8000 49 250.00

*C4108 5.85- 8.20 €.08 80C0 5 180.00

*W4108 7.05-10.00 c.o8 8000 51 165.00

+X4108 8.20-12.40 | 0.08 8000 52 150.00

Y410A 12.40-18.00 0.10 4500 k) 210.00

K410A 18.00-26.50 C. 0 4000 53 230.00

U410A 26.50-39.50 0.10 3000 9& 250.00

C402A 5.85- 8.20 0.03 8000 50 1275.00

X402A 8.20-12.40 | 0.03 8000 52 1275.00

W With transmission coupling probe.

FXR M.M. TYPES (Micrometer Reading)

Frequency
Model Range (F.0.8.
No. KMc Woodside)
Q410X 33-50 $325.00
M410X 50-75 300.00
E410X 60-90 500.00
F412A 90-140 750.00
1 G412A 140-220 750.00
“ DELIVERY FROM STOCK
Cace s

PRECISION MICROWAVE EQUIPMENT o HIGH-POWER PULSE MOOULATORS
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DELIVERY FROM STOCK

FXR, Inc.

Design ¢ Development « Manufacture

25-26 50th STREET RA. 1-9000
WOODSIDE 77, N, Y. TWX: NY 43745

©  HIGH-VOLTAGE POWER SUPPLIES ® ELECTRONIC TEST EQUIPMENY
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MARCONI INSTRUMENTS

N{\eurlxe
[ ]
Microwave

Examples:

Installations...

...and cover Baseband, IF and Carrier Frequencies of the most
sophisticated multi-channel systems engineers are now designing.
These entirely new instruments are now in production; they
meet C.C.LR. specs. and are fléxible to customers’ specific needs,

WHITE NOISE TEST SET Model 1249

Measures intermodulation distortioh in systems handling up to 960 chan-
nels. Comprises Noise Generator,. Receiver and modular Filter Assembly
which facilitates changing filters to suit different systems. Diagram indi-

cates test on 960 channel installation.

60 2438
BASEBAND FREQUENCY k¢

DERIVATIVE TEST SET
Model 1259

A Sweep Generator and self-
calibrating CRT display are pro-
vided to measure modulatof/
demodulator linearity. The first
derivative, or slope, of the modu-
lator response is auvtomatically
plotted against instantaneous
I.F.: discrimination is 0.1 db.

As supplied to:

Bell Telephone Labs.
General Electric
International Tel. & Tel.
Philco Corporation
Radio Corp. of America

Radio Engineering Labs.

Western Union
Westinghouse Electric
... and others

We invite your inquiries on this unique

P e LLO

MARCONI instruments

111 Cedar Lane ® Englewood, New Jersey
Main Plant: St. Albans, England
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Engineering Notes
(Continued from page 36A4)

ics Corp., Bell and Howell Co., Haloid-
Xerox, Inc., Pitney-Bowes Co., and Baum
Folder Co.

A new U, S. Department of Commerce
publication, Directory of National Asso-
ciations of Businessmen: 1960, containing
data on over 2,000 national associations,
was placed on sale by the Government
Printing Office, Washington 25, D. C.
Price 50 cents a copy.

By the year 1965, the number of tele-
vision sets in Russia will have increased
from the now more than 3 million to over
15 million, there will be 160 TV stations
as compared to about 70 now, and the re-
lay system will be greatly expanded, ac-
cording to a Russian writer in the Soviet
magazine Literature and Life.

The article, written by a Professor P.
Shmakov in December 1959, has been
translated by a U. S. Government agency
and printed for public sale by the Office of
Technical Services, U. S. Department of
Commerce. It also forecasts an expansion
of the network of relay posts and other
facilities for broader coverage of the Rus-
sian land arca with T\ broadcasts.

INDUSTRY MARKETING DaTa

The Japanese Ministry of International
Trade and Industry (MITI) has revised up-
ward its recent estimates of Japanese elec-
tronics output during the five-year period
1960-1964, the Electronics Division, Busi-
ness and Defense Services Administra-
tion, U. S. Department of Commerce re-
ported.

MITVs revised Five-Year Plan shows
a projected estimate of overall production
for the year 1964 at a level 82 per cent
above actual production in 1959; a tenta-
tive estimate announced by MITI in May
of this year called for an increase of 32 per
cent. Significant upward revisions were
made in estimated production of industrial
clectronte equipment, tape recorders and
other acoustic apparatus, receiving tubes
and transistors.

PProjected estimates show a decrease in
output of monochrome television receivers
and a very sharp increase in color tele-
vision receivers. It is expected that em-
phasis will be placed on television receivers
using transistors.

The plan assumes an annual rise in
transistor radio exports amounting to 27
per cent from 1960 to 1961, 10 per cent in
1961 and 1962, and 35 per cent in 1963 and
1964.

Japanese electronic industries con-
tinued to expand their output during the
first half of 1960, with total production
amounting to $565 million—40 per cent
higher than during the first half of 1959—
the Electronics Division of the Commerce
Department’s Business and Defense Ser-
vices Administration reported.

Production of consumer items, which
still accounts for the major portion of total
Japanese clectronics output, increased

(Continued on page 424)
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A SUMMIT

storage tube development

Latest additions to the ever-increasing line of ITT
Iatron storage tubes are several new models in which
both the writing and the flooding guns are symmetrically
disposed about the axis of the cathode-ray display tube.
This imaginative solution to a difficult packaging prob-
lem in radar indicator design eliminates at the same
time all possibility of trapezoidal distortion.

Added to the full line of ITT Iatrons with the more
conventional off-axis writing gun arrangement, the new
coaxial gun models make it possible to specify an ITT
Write for information on the complete line

of ITT Iatrons. Application assistance
s available for your specific requirements.

" Cooxiaigun | €5 |

[ Conxisigun | €5 |

£s
ES

Iatron for virtually any storage tube application—in any
diameter from 2% to 7 inches, to satisfy any require-
ment with regard to weight, size and desired brilliance
under high ambient light conditions.

New and further improved ITT Iatrons, in an even wider
range of types, are scheduled for release in the near
future. ITT’s unlimited aecess to world-wide research,
development and production facilities turns a new design
concept into a production model at record pace—in
Iatrons as well as other electron tube types.

ITT IATRON STORAGE TUBES

OFFLECTION: DIAMETER (in.| SPECIAL FEATURES | POCUS:| DEFLECTION:
(€S |[Fw20a| 5 T Coaxialgun | &M |
| € (o301 [ s —"s |
| __EM ||fwai2| — 5 — | Coaxalgun | EM |
| EM  [[Ffw2i7{ 5 | Coaxialgun ES
[ 7 | = EN

7EM = Electromagnetic ES = Electrostatic

SALKON 15 A TRAGLMARL OF snEARATIORAL TELEPHONY. AND PELLQRAPN CORSOAATION

ELECTRON TUBE DEPARTMENT m COMPONENTS DIVISION

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY

ITT COMPONENTS DIVISION PRODUCTS: POWER TUBES

IATRON STORAGE TUBES . HYDROGEN THYRATRONS

TRAVELING WAVE TUBES « SELENIUM RECTIFIERS . SILICON DIODES AND RECTIFIERS + TANTALUM CAPACITORS




OPTIMIZE
ANY

IVIODEL

100 CYCLES
PER-SECOND

WITH DYSTAG COMPUTERS

Whether your problems are dynamic or static, covering costs,
design, or production control in: Operations Research, Chemical
Kinetics, Aerodynamics, Structures, Astrophysics, or Hydrody-
namics, DYSTAC computers can solve them faster, more accu-
rately, and more economically than any other computer.
The reason is simple: DYSTAC is a new kind of computer.
It combines the best features of both analog and digital machines.
Only DYSTAC by CSI incorporates high-speed repetitive oper-
ations with dynamic storage of analog data to an accuracy of

0.01% and with a time-base accuracy of *=0.5 microseconds.

DYSTAC provides unique time-sharing of computer compo-
nents and high speed reiterations. These features make possible
economic and rapid solution of complex problems that have
required too many computer components, or too long a solution
time, to be considered practical for either digital or analog
machines. And you can expand the number of operational
amplifiers by a flick of a switch which converts the precision
Dynamic Memory units into Fixed and Summing Integrators.

This curve describes the design parameters for the entire process,
with the maximum design factor occurring at point (1).

This curve describes the profitability of the process. Note peak
(2), where maximum profitability occurs.

This curve shows the product quality variation. Maximum
quality plateaus at point (3).

Optimization for the entire process is achieved by operating
along points (1), (2), (3).




6G0-SECOND SOLUTIONS OF EVEN THE MOST
COMPLEX PROCESS PROBLEMS WITH DYSTAC

The problem of optimizing feed stocks and operating con-
ditions in chemical kinetics problems has always defied
continuous automacic solution. With any computer, other
than DYSTAC, solutions require invalid oversimplifications.
DYSTAC computers solve these problems by least mean square
procedures at high speed and with a minimum of compo-
nents. Accuracies are held to +0.05%. Send for complete
26-page report entitled “Correlation and Optimization of
Chemical Kinetics Models”,

Model correlated by DYSTAC computer

20-SECOND SOLUTIONS FOR THESE PROBLEMS
* multi-dimensional partial differentials (steady state or
transient )

* sequential, successive solutions for algebraic matrices at
60 to 100 cps

* definite incegral calculations
* multiple :ntegrals and partial differential equations
...or any combination of these problems.

Write for complete details on how DYSTAC computers
can work for you.

% COMPUTER SYSTEMS, INC., Culver Road, Monmouth Junction, N. J. ® DAvis 9-2351

A Schlumberger Subsidiary » formerly Mid-Century Instrumatic Corp.



80305 M

§0801.8

MAGNETIC SHIELDS
llustrated are a few of the stock mumetal or ’
nicaloy magnetic shields for multiplier photo J A M E S M I L L E N M F G . C o-, I N CO
tubes and cathode ray tubes. Stock shields are
available forall populartubes. Custom designed M AH-DEN

shields are made for special applications. MASSACHUSETTS

& U:n Iinduslrlal A
Engineering Noles

{Continued from page 384)

Yrom $221 million in the first half of 1959
to 8320 wmillion in the first hall of 1960—an
increase of 43 ner cent. Production of tele-

vision receivers during the nrst half of this
vear was valued at 8190 million. 36 per
cent higher thaie the first half of 1959;
production of radio receivers with three or
more transistors. valued at $80 million,

was up 80 per cent; radio-phonographs,
virllued at $10 million, up 139 per cent.
IProduction of receiving tubes during

January-June of this yea~ increased by
63 per cent over the same period last year
and sransistors showed a gainof 48 per cenr.

T'otal vitue of Japanese electronics pro-

Y diuction during the second quarter 1960
increased only slizhtly 81 million—over

. thar of the hrst guarter.
The U. S. Embassy in Tokyo reports

that exparsion ir Japan's production of
| electronic products during the frst half
of 1960 can be attributed in part to the
ircrcase in exports but mere basically to
the high level of nrvestments in Japanese
industries and the continued rise in con-

AM P H EN 0 L C 0 NNE CT 0 R D |V l S l O N iumplioﬁ levels of the Japanese people.

1830 SOUTH 54TH AVENUE ¢ CHICAGO 50, ILLINOIS Within the electronic industries, also, there
. . was a significant increase in the number
AmphenO/‘Borg Electronics COprfatlon ot technological agreements to improve

production processes. The Japanese Minis-
try of Teternational Trade and industry
(Continned page 114)
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\ w UNIQUE %" DIAMETER
[ 1

TIMER MOTOR

OR TACH GENERATOR
WITHSTANDS DROPPING
FROM MILES HIGH

Virtually No Speed Variation From =67°F to +167°F
Due To Special Dry Lubrication Method

Type 9001-03 Size 9 28VDC permanent magnet timer motor or moter tach

e Withstands 8000 G axial shock; 500 G e +.0001 shaft diameter tolerance,
transverse shock. ® --.000 —.0005 shaft flat tolerance.
e Up to 500 oz. in. peak load can be ® 1.406”L without gear train; 2.820" to
handled, _ 3.140"L including gear train.
® Designed to perform 2,000 duty cycles ® 6:1 to 46,656:1 gear ratios available.
af 100 oz. in, load,
GEAR OUTPUT LOAD AMPS AT UNIT OSTER e
RATIO RPM 25°C LENGTH TYPE NO. 2,820 10
. 3.1407L
including
46,656 to 1 0.25 100 oz. in, 0.075 max. 3.140 E149 SN
453610 1 2.68 100 0z.in. | 0.100 max. 2.980 E169 1.406"L 1
. without
756 to 1 12 160 0z.in. | 0.175 max. 2.820 E170 geartrain_ 1
7776 to 1 1.5 100 oz. in. 0.090 max. 2.980 E171
9168 to 1 1.25 100 oz. in. 0.085 max. 3.140 E179
i . .
4056t | 275 W00z in. [ 0loomax | 2980 £215 NOW! Engineering and model
; shop time available to help take
2923101 4.00 100 oz.in. | 0.120 max. 2.980 9001-05 care of your immediate require-
393.7to 1 33 32 oz in. 0.200 max. 2.725 9001-02* ments. Call your nearest John
SO SN T i Oster office today.
Max. shaft dia. .203"; .250' on Type 8001-02, *Not a hi-shock unit. Output 27.5VDC.
/’M MANUFACTURING COMPANY/Specialists in Instrumentation and Display/Avionic Division: Racine, Wisconsin
EASTERN OFFICE WESTERN OFFICE
5333 South Sepulveda Bivd. Engineers For Advanced Projects:
Servos Computers 310 Northern Blvd. Culver City, California Interesting varied work on designing
Synchros Indicators Great Neck, Long Istand, N.Y, Phone: EXmont 1-5742 transistor circuits and servo mechanisms,
Resolvers Servo Mechanisms Phone: HUnter 7-9030 UPton 0-1194 Contact Mr. Dallas Nielsen, Personnel
Motor Tachs DC Motors TWX Great Neck, N.Y. 2980 TWX S, Mon. 7671 Manager, in confidence.
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DEVICES

sponsored by the

Société Francaise

Radio-Electriciens

!

PUBLI-SERVICE . PARIS

IN PARIS

PORTE DE VERSAILLES

from 17th

February,

INTERNATIONAL
EXHIBITION OF
ELECTRONIC
COMPONENTS

the greatest world meeting
in the field of electronics.

FEDERATION NATIONALE DES INDUSTRIES ELECTRONIQUES
23, rue de Liibeck, Paris 16° -

e P B R R e R

INTERNATIONAL
SYMPOSIUM

SEMI CONDUCTOR

FEDERATION NATIONALE DES
INDUSTRIES  ELECTRONIQUES

and organized by the

= = = —— — 2 = o B o {4

des Electroniciens et des

UNESCO BUILDING
125, AVENUE DE SUFFREN
FROM 20TH TO 25 TH FEBRUARY, 1961

L

.’}JJ:n ln“dustrial&

Engmeermg Notes

a2

(Continued from page 42A4)

(MITI) estimates that expenditures for
research in the electronic industries more
than doubled between 1957 and 1959.

The relatively favorable production
and export conditions in the electronic
industries prompted MITI to revise sharp-
ly upward its estimates of Japan's elec-
tronic equipment production during the
next five years.

A Professional g

Group Meetlngs

AERONAUTICAL AND
NAVIGATIONAL [ELECTRONICS

Boston—September 27

“The Ground Stations and Satellite
Systems of Project Transit,” Dr. G. C.
Weitlenbach, APL Johns Ilopkins Uni-
versity, Silver Spring, Md.

Metropolitan New York—April 14

“Project Transit, A Navigation Satel-
lite,” Cmdr. R. F. Freitag, U. S. Navy.

Metropolitan New York—June 9

“Field Trip—Newark Airport Control
Tower and [FR Room,” Various FAA
Personnel.

ANTENNAS AND PROPAGATION

Boston—October 26

“A Different Approach to the Analysis
of Antenna Arrays,” J. R. Allen, MIT
Lincoln Lab.

“Transoceanic Radio Ducts,” R. .
Corkum, Air FForce Cambridge Research
Center.

Chicago—October 14

“A Survey of Frequency Independent
Antennas,” R. L. Carrel, P. IX. Mayes, and
J. D. Dyson, University of lllinois.

San Francisco—October 12

“Meteorological IFactors in the Refrac-
tion of Microwave Energy,” R. Nagle,
Stanford Research Institute.

ANTENNAS AND PROPAGATION
MicCROWAVE THEORY AND
TECHNIQUES

Orange Belt—October 12

“Recent Developments in the Para-
metric Amplifier,” A. Uhlir, Microwave
Associates.

“Theory and Construction of a Micro-
wave Coupled Cavity Traveling Wave
Parametric Amplifier,” K. Grabowski.

(Continued on puge 50A4)
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ENGINEERS ... PRODUCT DESIGNERS:

oY

—This 16-page
bulletin contains complete information and detailed specifications
on the industry’s broadest standard line of hermetic bushings.

Gives important performance data on ALITE High Alumina Ceramic
—complete details on Alite’s electrical properties, mechanical
strength, temperature resistance, etc. Facts on over 100 standard
sizes of high voltage terminals, feed-throughs, cable end scals,

plus helpful information on special applications,

You'll want to have this catalog handy when ordering standard
terminals, or when requesting quotations or engineering assistance
on special ceramic-metal assemblies. Let us put a free copy on

your desk. Write today for Bulletin A-40.

New York Office

ALITE

DIVISION u s s T 60 East 42nd St.
. S. STONEWARE

409-F

80X 119 ORRVILLE, OHIO
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SPECIALISTS IN THE 3 C’'s OF ELECTRONICS

CABLES

complete versatility of design plus
extra reliability characterize
Bendix® Cable Assemblies. Types
include encapsulated or braided
missile control ecable, thermo-
couple harness, fuel cell, ground
cabling, high temperature, and
flat conductor cable.

For fast service on Cables, Capacitors, and Connectors, contact:

Scintilla Division i

46A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

CAPACITORS

Count on Bendix High Tempera-
ture Capacitors for premium
performance on missile and
high-speed aircraft applications.
Proved operation from —55°C. to
+400°C. with no voltage derating
and low capacitance variation,

SIDNEY, NEW YORK

by, 2

ORPORARA

CONNECTORS

Gan you use the finest electrical
connectors in the business? Then
try ours. Wide range of sizes and
types available, including Pygmy®
Miniature, Rack and Panel, QWL,
and MS-R, and connectors for
special applications.

.

Janvary, 1961



*

Advanced design

COMMUNICATION ANTENNAS
*»

HELIPOLE

The ANprew Type 902 HELIPOLE™ is the first basi-
cally new 30-50 mc fixed station antenna to appear
on the 2-way radio scene in the past 12 years. Type
902 employs a new design concept that combines
improved performance with mechanical conven-
ience. It is the result of an extensive ANDREW
development program.

HELIPOLE CONSTRUCTION

The foreshortened radiator employs a bifilar heli-
cal element which is encased in Fiberglass for
strength, durability and corrosion resistance. One
helix is grounded. providing a static drain path
The other is fed. Ground rods employ single helix
conductors which also are embedded in Fiberglass.
Size reduction is shown by comparing the 57 inch
radiator of Type 902 with 101 inches of a conven-
tional antenna at 30 mec. Ground rods are also
shortened by a proportionate amount.

Lightweight and strong — with a maximum total
weight of 13 pounds, Type 902 is designed to with-
stand 30 psf load with '% inch of radial ice. The
focal point of this mechanical strength is found in
an aluminum casting to which ground rods and
radiator are bolted with stainless steel hardware.
Direct mounting is provided for members from
134 to 21% inches in diameter. VSWR of this unity
gain antenna is less than 1.5.

Economically priced Anprew Type 902 is the
best performing, corrosion resistant high wind
load antenna on the market.

Write or call your ANprEw sales engineer for
complete information or request Bulletin 8467,

UNIPOLES  HIGH GAIN CORNER REFLECTOR YAGI HELIAX

ABOVE ALL AN ANDREW ANTENNA... 4""0 RATION

P O BOX 807 o CHICAGO 42 ILLINOIS

*TRAUEMARK

Boston * New York * Washington * Los Angeles * Toronto



28 Fields of Special Interest-

The 28 Professional Groups are listed below, together with a brief definition of each, the name of

Aeronavtical and Navigational
Electronics

Annual fee; $2.

The application of electronics to opera-
tion and traffic control of aircraft and
to navigation of all craft.

Mr. William P. McNally, Chairman,
35 Laurel! St., Floral! Park, L.I,, N.Y.

36 Transactions, *6, & *9, and Vol, 2,
No. 1-3; Vol. 3, No, 2; Vol. 4 No. 1, 2, 3;
Vol 5, No. 2,3 4; Vol. 6, No. 1, 3, 4; Vol. 7,

A o.I,-.

Antennas and Propagation
Annual fee; $4.

Technical advances in antennas and
wave propagation theory and the utili-
sution of techniques or products of this
ficld.
Prof. Edward C. Jordan, Chairman,
Electrical Engineering Dept., Uni-
versity of Illinois, Urbana, Il
32 Transactions, *Vel. AP’-2, No. 2, AP-4,
No. 4; AP-3, No. 1-4; AP, No. 1, 2 3. 4;
AP-7, No. 1, 2, 3, 4; AP-8. No. |, 2, 5

|

Audio

Annual fee: $2.
Technology of comnumication at audio
frequencics and of the audio ﬁorhun of
radio  frequency systems, inc luding
acoustic terminations, recording and
reproduction,

Mr. H-S. Knowles, Chairman,
Knowles Electronics, 9400 Belmont
Ave., Franklin Park, Il

54 Tran\acnons, *Vol. AL 1, l\o o; *Vol.
AU-2, No. 4; Vol. AU-3, No. 1, 5 Vol
AU-4, No. 1, 5-6; Vol. AU-S, N01234
3, 6; ;\l'-(), No. 1,2, 3, 4,5, 6; AU-?, No. 1,
2,345 6; AU-8, No. 1, 2, 3, 4.

Automatic Control
Annual fee: $3.

The theory and application of auto-
matic  control techniques including
feedback control systems.

Mr. John M. Salzer, Chairman, 909
Berkeley St., Santa Monica, Calif.

10 Transactions, PGAC-3-4-5.6, AC-4, No. 1,
2, 3; AC-5, No. 1, 2,3

Bio-Medical Electronics

Annual fee: $3.

The use of electronic theory and tech-
niques in problems of wmedicine and
bivlogy.

Dr. Herman P. Schwan, Chairman,

University of Pennsylvania, School
of Elec. Engrg., Philadelphia 4, Pa.

17 Transactions, 8, 9, 11, 12; ME-6, No. 1, 2,
3, 4; ME-7, No. 2, 3.

Broadcast & Television
Receivers

Annual fee: $4.

The design and manufacture of broad-
cast and television recetvers and com-
ponents and activitics related thereto.

Mr. Robert R. Thalner, Chairman,
Sylvania Home Electronics, Batavia,
N.Y.

26 Transactions, *7, 8; BTR-1, No. 1.3,
BTR-2, No. 1-2-3; BTR3, No, 1-2; BTR-4,
No. -.34BTR5 \10123 BTR6 No. 1,
2

Broadcasting
Annual fee: $2.

Broadcaxt transmission systems cnqz-
nvermg, including the design and utili-
sation of broadcast equipment.

Mr. George E. Hagerty, Chairman,

Westinghouse, 122 E. 42nd St.,, New
York 17, N.Y.

17 Transactions, No. 2, 6, 7, 10, 11,

12, 13,
14; BC-6, No. 1, 2, 3

Circuit Theory

Annual fee; $3.

Design and theorv of operation of cir-
cuits for use in radio and electronic
equipment,
Mr. Sidney Darlington, Chairman,
Bell Tel. Labs.,, Murray Hill, N.J.
27 Transactions, CT-3, No. 2; CT-4, No. 3-4;

CT-5 No. 1, 2, 3, 4, CT-6, No. 1, 2, 3, 4;
CT-7, No. 1, 2,

Communications Systems

Annual fee: $2.

Radio and wire telephone, telegraph
and facsimile in marine, acronautical,
radio-relay, coavial cable and fived sta-
tion services.

Capt. C. L. Engleman, Chairman,

Engleman & Co., Inc., 2480 16th
St., N.W., Washington 9, D.C.

18 Transactions, CS-5, No. 2, 3; CS-6, No. 1,
2; CS-7, No. 1, 3, 4; CS-8, No. 1, 2.

Component Parts
Annual fee; $3.
The characteristics, limitation, applica-
hnn\r,.delopnwnt, performance and re-
liabtlity of component parts.

Mr. Floyd E. Wenger, Chairman,
Headquarters ARDC, Andrews AFB,
Washington 25, D.C.

20 Transactions, CP-4, No. 1, 2, 3-4; CP-5,
glo. 1,2,3,4;CP-6, No. 1, 2, 3,4; CP-7, No. 1,

Education
Annual fee: $3.

To foster improved relations between
the electronic and affiliated mdurtru's
and schools, colleges, and universities.

Dr. John G. Truxal, Chairman, Dept.
of EE, PIB, Brooklyn, N.Y.

11 Transactions, Vol, E-1, No. 3, 4; E-2, No.
1, 2,3, 4; E-3 No. 1 5

Electron Devices
Annual fee: $3.

Electron devices, inclm{ing parﬁculgrly
clectron tubes and solid state devices.

Mr. A. Kyle Wing, Jr.,, Chairman,
Fed. Telecommunication Labs., 500
Washington Ave., Nutley 10, N.J.

29 Transactions, *Vol, ED-1, No. 3.4; ED-3,
No. 2-4; ED-4, No. 2.3, 4; ED-5, No. 2, 3, 4;
ED-6, No. 1, 3; ED-7, No. 1, 2, 3.

Electronic Computers
Annual fee: $4.
Design and operation of electronic com-
puters,

Dr. A. A. Cohen, Chairman, Rem-
ington-Rand Univac, St. Paul 16,
Minn.

35 Transactions, EC-6, No. 2. 3; EC-7, No. 1,
3, 4; EC-8, No. 1, 2, 3, 4; EC-9, No. 1, 2, 3.

Engineering Management
Annual fee: $3.

Enginecring management and adminis-
tration as applied to tvclgm{al, l.ﬂdll&-
trial and educational activities in the
field of electronics.

Dr. Henry M. O’Bryan, General Tel.

& Elec. Lab,, 730 3rd Ave., New York
17, N.Y.

18 Tran:acﬁons, EM-3, No. 2, 3; EM-4, No.
1, 3, 4; EM. 5 NO. 1-4; EM.6, No. 1, 2, 3;

17\101

Engineering Writing and Speech
Annual fee: §2.
The promotion, study, development,
and improvement of the techniques, of
preparation, orqam:ahow ﬁrocem‘mq,
editing, and d( livery of any form of
mformahon in the clprtromr-('nqmeer-
ing and related fields by and to in-
diziduals and groups by means of direct
or dertved methods of communication.
John M. Kinn, Jr.,, Chairman, IBM

Journal, 545 Madison Ave., New
York, N.Y.

7 Transactions, Vol. EWS.1, No. 2, EWS.2,
No. 1, 2, 3; EWS-3, No. 1, 2.

THE INSTITUTE OF RADIO
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-IRE’s 28 Professional Groups

the group chairman, and publications to date. * Indicates publications still available

Industrial Electronics
Annual fee: $3.

Human Factors in Electronics
Annual fee: $2.
Development and application of human
jurtors and Lno"vlcdqc germane to the industrial processcs,

design of electronic equipment.
Mr. Robert R. Riesz, Chairman, Bell {,‘{c‘m’; E;vfiée;ﬂggn?'}?_i{m"’ RCA

Tel. Labs, Murray Hill, N.J. i
- T
1 Transaction, HFE-1. No. 1. }?;]-lréf;fai'g?']ls'z PGIE 1, 3,5, 6,7, 8 5 10,

y L.

Electronics pertaining to control, treat-
ment and wmeasurement, spectfically, in

Information Theory
Annual fee: $4.

The theoretical and experimental as-
pects  of information transmission,
processing and wtilization.

Mr. Paul E. Green, Jr., Chairman,
14 Bradford Rd., Weston 93, Mass.

22 Transactions, I'GIT-4, IT-1, No. 3; IT-2,
No. 3; IT:3, No. 1, 2, 3, 4; 1T-4, No. 1, 2, 3
4; IT-5, No. 1, 2, 3, 4; IT-6, No. 1, 2, 3.

Microwave Theory and
Techniques

Annual fee: $3.
Microwave theory, microwave circuitry

Instrumentation
Annual fee: $2.

Measurements and instrumentation uti- and techniques, microwave measure-
lizsing clectronic techniques. ments and the generation and amplifica-
Mr. C. W. Little, Jr, Chairman, tion of microwaves.
C-Stellerator Assoc., Princeton, N.J. Dr. Kiyo Tomiyasu, Chairman, Gen-
17 Transactions, PGI-4, Vol, 1-6, No. 2, 3 4 eral Electric Gen. Eng. Lab., Schen-
\\:ol 1.7, No. 1, 2; Vol. 1-8, No. 1, 2; Vol. ectady, N.Y.

31 Transactions, MTT-4, No. 3; MTT.S,
No. 3, 4; MTT-6, No. 1, 2, 3, 4; MTT-7,
No. 2, 3, 4; MTT-8, No. 1, 2, 3, 4.

Military Electronics
Annual fee: $2.

The electronics sciences, systems, ac-
tivities and services germane to the re-
quirements of the military. Aids other
Professional Groups in liaison with the
military.

Dr. Edward G. Witting, Chairman,

3700 N. Albemarle St., Arlington 7,
Va.

9 Transactlons MIL-1, No. 1; MIL-2, No.
1; MIL-3, No. 2, 3, 4; M1L-4, No. 2-3.

Product Engineering

Nuclear Science & Production
Annual fee: §3. Annual fee: §2.

Application of electronic techmiques and New advances and materials applica-
devices to the nuclear field, tions for the improvement of produc-

Mr. Louis Costrell, Chairman, 10614 A tion techniques, including automation

Cavalier Dr., Silver Spring, Md. techniques.
17 Tr'msnctlons, NS-1, No. 1; N§4 No. 2; Mr. W. D. Novak, Chairman, 325
;: Sf Az.% 1,2, 3; NS, No. 1, 2, 3, 4; N§.7, Douglas Road, Chappaqua, N.Y.

6 Transactions, No, 2-3, 4, 5, 6.

Radio Frequency Interference
Annual fee: $2.
Origin, eflect, control and weasurement
of radio frequency interference.

Professor Ralph M. Showers, Chair-
man, Moore School of Elec. Eng.,
200 S. 33rd St., Philadelphia 4, Pa.

2 Transactions, RFI-1, No, 1, RFI-2, No. 1.

Reliability and Quality
Control
Annual fee: §3.

Space Electronics and Telemetry
Annual fee: $2.
The control of devices and the meas-

Techniques of deterniining and con- urement and recording of data from
tr(:élmq’ the qx;ai}!v of z;grc!romc /’;r!: a remote point by radio.
and equipment during their manufac-
ture. ! p g . Mr. Robert V. Werner, Chairman,
5575 Kearney Road, San Diego 10,
Mr. P. K. McElroy, Chairman, Gen- Calif.
eral Radio Co., West Concord, Mass. 5 Transactions. TRC-1, No. 2-3; TRC-2,
18 T t , *3, 5. 10, 11, 12, 13, 14, 15; o. 1; TRC-3, No. 2, 3; TRC-4, No. 1;
ROCSH, No. ‘°,"52. LR & SET-5. No. 1, 2, 3, 4; SET-6, No. 1, 2. ’

Ultrasonics Engineering
Annual fee: §2.

Ultrasonic measurements and commu-
nications, including underwater sound,
ultrasonic delay lines, and wvarious
chemical and industrial wltrasonic de-
vices.

Mr. David L. Arenberg, Chairman,

Arenberg Ultrasonic Lab., Inc., 94
Green St., Jamaica Plains, Mass.

g Transactions, PGUE, §, 6, 7; UE-7, No. 1,

Vehicular Communications

Annual fee: §2, Miss Emily Sirjane

Communications problems in the field TRE—1 East 79th St., New York 21, N.Y.

USE THIS COUPON

PG-1-61

of land and mobile radio services, such Please enroll me for these IRE Professional Groups
as public safety, public utilities, rail- $
’oads C()”U}ll’rclal a,1d franfﬁ()rfa[lon’ -------------------------------------------------------------------------
elc. T e e S
Mr. Richard P. Gifford, Chairman, N e oo e e e
%’19 Hurdle Hill Rd., Lynchburg, Address ..o e e e s
RARL Rt TR DR AL LELL) | [ X G (56665066 005600 05005060 550 AA 066660030 6080666808 6066 000 890 B3A A 48 8B4
15 Tmnsamons 5.8, 9, 10, 11, 12, 13; Vol. Place . e e
VC-9, No. 1, 2. Please enclose remittance with this order.

ENGINEER S& 1 East 79th Street, New York 21, N.Y.
®
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IERC
TRANSISTOR
HEAT
DISSIPATOR

" l " actual size

accepts .305 to .335 variations in T0-5 cases!

IERC Transistor Heat-dissipating Retainers
readily accommodate diameter variations up
to .030” found in T0-5, T0-9, T0-11, T0-39
transistor cases. This single IERC part saves
you time and costs in specifying, stocking
and application.

‘ IERC’s exclusive design features maximum
\ thermal contact with transistor case for effi-
cient transfer of heat to the dissipator and
heat sink. Attaching methods suitable for
printed circuit boards, chassis and heat sinks
provide thermal benefits and retention in
extreme shock and vibration environments.

Installation is a smooth, tension fit—elimi-
nating the possibility of "‘snap-fit” impact
injuries to the transistor!

1]

L= e

1. RIVET

~

S

2. MULTIPLE
MOUNTING

3. BACK-TO-BACK
MOUNTING

Simplified installation for effective heat dissipation with IERC Tran-
sistor Heat Dissipators are illustrated: 1. Parts available in rivet or
screw attaching types. 2. Single or multiple mounting on heat sink
angle. 3. Back-to-back mounting.

Detailed information, performance graphs, elc. are available in
latest IERC Technical Bulletin. Write for a copy today!

IERCEM - vi=iow

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION
135 West Magnolia Boulevard, Burbank, California

Foreign Manufacturers: Europelec, Paris, France. Garrard Mfg. & Eng. Co., Ltd., Swindon, England

50A
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A Professional 3
Group Meetings 32

(Continned from page 414)

Atubio
San Francisco—October 4

“What's New at Ampex,” G. Behklau,
C. Wilkins, J. Bennett, Ampex Professional
Products Co.

Washington, D. C.—September 12

“Electrical Methods of Tone Genera-
tion and Control,” R. White, Kitt Music
Company.

Washington, D. C.—October 18

“Sound in the Theater,” 11.
Meyer.

Burris-

AvtomATIC CONTROL,

f.os Angeles—-October 11

“Introduction to Space Guidance,”
J. M. Slater, Autonetics.

Bro-MepicaL [SLECTRONICS
-October 18

“Instrumentation for the Study of the
PPhysiology of Whales and Porpoises,” Dr.
J. W. Kanwisher, Woods llole Oceanogra-
phic Institute, Mass.

Boston

LLos Angeles—October 20

“Monitoring Antonommic Nervous Sys-
tem Activity in 12motion and Psychological
Disorders,” M. A. Weuager, UCLA.

New York—April 14
“The Use of Computers as Aids in the
Diagnosis of leart Disease,” W. J. Car-

bery, Airborne Instruments Lab.; C. A.
Steinberg, Airborne Instruments f.ab.

New York—NMay 19
“New lnstrumentation Concepts for

Manned Flight,” L. J. Fogel, Convair, San
Diego, Calif.

New York—]June 16
“The Effect of Percutaneous Medica-
tion on Muscle Tissue Using Electro-
myographic Control,” B. Post, St. John’s
Episcopal Hospital.

San Francisco- -October 24

“Exobiology—Experimeutal Approaches
to Life Beyond the Earth,” J. Lederberg,
Stanford Medical School.

CircUIT THEORY

Los Angeles—October 19

“Is Circuit Theory Useful at Micro-
wave Frequencies?” S. B. Cohn, Rantec
Corp., Calabasas, Calif.

“Some Unsolved Problems in Micro-
wave Tube Research,” D. G. Dow, Calif.
Inst. of Technology.

(Continned on page 54A4)
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Amperex

America’s Largest Manufacturer of Frame Grid Tubes. . . Announces

2 NEW RUGGEDIZED
AMPLIFRAME™ TUBES... 7737 and 7308

Several years ago, when AMPEREX announced
the new 6922 and 6688 frame grid tubes for
military and industrial applications, they were
received with immediate and overwhelming
acceptance. However, our applications work
in these areas subsequently revealed that
there was still room for improvement —as, for
example, in the case of video amplifiers
which must carry signals from DC to UHF...
without microphonics, under extreme shock
and vibration conditions. Today, with the new
7737 and 7308 AMPEREX Ampliframes (now
in mass production in our Hicksville, Long
Island plant), we believe that we have arrived
at the ultimate in tube reliability.

1 | *AMPLIFRAME a new concept in elecs

tron tubeé construction, designed and mass

produced exclusively by Amperex, incor-

! porates the unique Frame Grid...the clos-

! est approach to the *‘ideal Physicists’ grid”’

o —electrical characteristics but no physical

j 4 dimensions. Qutstanding features of

Amperex Frame Grid Tubes include:

# higher transconductance per milliampere atighter

Gm and plate current tolerance m low transit time
® low capacitances m lower microphonics

SPECIFICATIONS

7737 7308
Swept Frequency
Vibration (50-2000 ¢ps). 106 106
Noise & Microphonics
Qutput ............. 190 millivolts 10 millivolts
Plgte Supply Voltage .. 190 volts 100 volts
Grid Supply Voltage ... 9 volts 9 volts

Cathode Bias Resistor.. 630 ohms 680 ohms
late Current ......... 13 mA 15 mA
ransconductance .. ... lS.Sgg & mhos 12,ggo u mhos

Amplification Factor ..

New
Amperex AMPLIFRAME 7737

Premium Quality
BROADBAND AMPLIFIER PENTODE

Extra-mifed. low-microrhonic version of the 6688 . ..
for critical airborne applications, coaxial cable ampli-
fiers, video and broadband IF amplifiers in communi-
cation links and TV equipment.

Heavy, square mica supports —
eliminate mica chipping and flak-
ing as well as loesening of mount
when subjected to shock and vibration

9 Special mica holes anchor the
anode firmly

Tongue mica dampens cathode

movement allows normal expan-
sion and contraction...prevents cath-
ode howing

Calibrated, tapered bulb rigidly
holds mount...will not allow
any movement

‘Ampliframe’ grid — rigid frame

with fine grid wire under tension
accurately maintains close grid-to-
cathode spacing

4-\

for ultra-critical

military and industrial applications in
high shock and vibration environments

New
Amperex AMPLIFRAME 7308

Premium Quality
HIGH-GAIN TWIN TRIOOE

Extra-rugged. low-mierophonic version of the 6922 . ..
for use in radar, oscilloscopes. computers, broadband
amplifiers and critical airborne applications.

< 1700 5
ask Amperex
about Ampliframe tubes for ultra-critical
military and industrial applications

AMPEREX ELECTRONIC CORPORATION
230 Duffy Ave., Hicksville, Long Island, N.Y.

In Canada: Rogers Electronic Tubes & Com-
ponents, 116 Vanderhoof Ave.,Toronto 17,0nt.



new JIMESAa" transistors...

450-mw free-air dissipation
in one-tenth the volume

of a TO-18 package,




T 450/451
silicon transistors give you more

power per package volume

than any other silicon transistor

Use these TI second generation transistors to complement your second generation

high-speed computers.
Check the outstanding advantages of the T1450 and T1451 . . .

[Z(l/ 10 the volume of a TO-18 package

[2{ 450-mw free air dissipation @ 25°C

E{ hermetically-sealed-in reliability

[Z(backed by a full year’s warranty

[!{ electrically the same as 2N706A and 2N753
[!(ribbon leads for “two-dimensional” mounting
[!(1/ 5 the weight of a TO-18 package — only 0.07 gms

E{heat sinking simplified by electrically isolated case

I

—
:UW('.E%)
—

0250
MIN

| E—

Or=

T

j=—— EMITTER

[
W(£57)

~COLLECTOR

Hi
1 | 0022 NOMINAL

[=—BASE

—i | 0025 +0.003)

SUGGESTED MOUNTING METHODS
Copper-etched Heat Sink
) —

(Fr1 T [ Tl

Conventional mounting for dip soldering.
— T IET
-

Heat Sink

)

f L

| Alternate mounting technique for welded connections

pome l or silk-screened wiring connections.
Electrical characteristics @ 25°C ambient
Symbol Parameter Test Conditions Type Min Max Units
ton Turn-On Time lg1 =3ma, lgy = 1 ma 40 nsec
Vec=3v,R =2100
torr Turn-0ff Time P. W. = 400 nsec, less 75 nsec
than 29 duty cycle
VeE (sat) Collector-Emitter lc=10ma, lg =1ma
Saturation Voltage (Pulse Test) 06 v
hee DC Forward Current Vee=1v,l¢c=10ma Ti 450 20 60
Transfer Ratio T1 451 40 120

Specify TI for all your silicon transistor requirements—
small signal « switching  medium power « power

SEMICONDUCTOR-COMPONENTS DIVISION

TEXAS INSTRUMENTS

LIMITED INCORPORATED

DALLAS ROAD . BEDFORD. ENGLAND ® 13300 NORTH CENTRAL EXPRESSWAY » CALLAS, TEXAS



NARROW-CAF

SUBminiature
CERAMIC CAPA

ITOR
to fit Iu l

AR Tolerancelyror
NCS | 5 | -15% | S0
NC7S | 75 15% | e
NC10 | 10 | 15% | S
NCIS | 15 | 15% | 50
NC-22 22 | 15% | 50
NC:33 33| -15% | 50
NC-47 4 | -15% | 50
NCs8 | 68 | -15% | 50
NC82 | 82 | -15% | 50
NC-100 | 100 | ~20% | 50
NC-250 | 250 | -20% | 50
NC.500 | 500 “20% | 50
NC.750 750 | -20% | 50
NC-1000 1008 | -20% | S0
NC-1500 1500 | -25% | 25
m:-zoon; 2000 l ~25% ‘ 25
NC-3000, 3000 | -30% | 25
NC-4000 4000 | -30% | 25
NC.o1 | 10000 | 30% | 1o

Mucon’s broadened family of “NAR-
ROW-CAPS” subminiature ceramic ca-
pacitors are .095” wide max. by .095”
thick max.—specifically designed to
enable mounting .100” between cen-
ters. Length is 1/4” max. for parts NC-5
through NC-750: 5/16” max. for parts
NC-1000 through NC-01.

MITCHELL 2-1476-7 -8

MUCON

CORPORATION
9 ST. FRANCIS 5T., NEWARK 5,N.J.
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(Continued from page 30.:1)

Syracuse-——September 20

“Analysis of Nonlinear Systems,” Dr.
A, A. Wolfe, Stromberg-Carlson, Roches-
ter, N. Y.

COMMUNICATION SYSTEMS

Oklahoma City—September 27
“Limpander Amplitiers,” J. B. Dauiel,
Electronic Systems Engrg. Co., Oklahoma
City, Okla.
Syracuse—October 27
“Advanced Satellite and Space I’robe
Telemetry Systems,” H. N. Putschi,
General Electric, Syracuse.
Toronto—November 3

“Use of Microwave to Support a High
Altitude Platform,” R. L. Meclarlan,
President, [RE.

COMMUNICATION SYSTEMS
VEHICULAR COMMUNICATIONS
Omaha-Lincoln—October 28

“The Strategic Air Command ‘Short
Order’ Single Sideband System,” G. King,
USAL, Offutt AFB.

“The SAC ‘Short Order’ SSB System
Controls,” IX. Glorfield, Alpha Corp.,
Offutt AFB.

CoMPONENT PaArTS

I.os Angeles—October 17

“Gyro Applications in Ballistic Mis-
siles and Space \'ehicles,” P. Ott, Gyro
Applications Eng., Nortronics.

CoMPONENT ParTS
PrRODUCT ENGINEERING AND
Probucertion

Metropolitan New York—April 20

“Capacitors in Europe,” L. Kahn,
Aerovox Corp., New Bedford, Mass.
COMPONENT PARTS
RELIABILITY AND QUALITY
CONTROL

Metropolitan New York—June 8

“Specifying and Assuring the Reliabil-
ity of Component Parts,” GG Neuschaefer,
Brooklyn Navy Yard.

ELEcTRON DEVICES
[.os Angeles—October 10

“Thermoelectrics,” Buckman, Joha-
son, Tang, Airesearch Corp., l.os Angeles.

(Continued on page 58A4)

- TELREX LABORATORIES

Designers and Manufacturers of

COMMERCIAL SERVICE
“BEAMED-POWER" ARRAYS
AND TWO-WAY SYSTEMS

Model illustrates a wide-
spaced, 12 element circular
polarized optimum-tuned
skewed dipole “SPIRALRAY"
antenna. Provides unusually
high gain, even response, in
all polarization planes, verti-
cal, horizontal or oblique
with unusually high signal-
to-noise ratio.

NO OTHER CIRCULAR PO-
LARIZED ARRAY known to
the art today can provide the
finear high gain and signal-
to-noise ratio in all radiation
planes.

The ideal antenna for missile
tracking, telemetering and
no-fade response to mobile
{or moving) stations.
Models available to extend
the practical range of 2-Way
Communication Systems,

Model SY-12-104-11
$265.00

/" ANTENNAS

\ sINcE
1921

Model MSY-104-110
$390.00
(f.0.b. Asbury
Park, N. 1.)

Model illustrated:
No. SY 12-104-110

Electrical Specifications —Model No.
$Y-12-104-110: Polarization, circular,
linear within 32 db. Gain 13 db. F/B-
Ratio 30 db. V/5/W/R (50 ohm
cable) 1.1/1. Beamwidth at half
power points 33 degrees. Max, power
input 300 w, with “Balun’* supplied.
Mechanical Specifications: Boom
diameter 2”7 0.D. x 25 ft. Al alumi-
num boom and elements. Weight ap-
prox 25 ibs. Rated wind-load 90 mph.
No ice load Available for 120 mph
wind load. (Model No. MSY-104-110).

I

re X LABORATORIES

e Telrex is
equipped to design
and supply to

our specifications
or yours, Broad-
band or single
frequency, fixed or
rotary arrays for
communications,
FM, TV, scatter-
propagation, etc.

e Consultants
and suppliers

to communication
firms, universities,
propagation
laboratories and
the Armed Forces.

Communication and TV Antennas

ASBURY PARK L6, NEW JERSEY, U.S.A.
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is experienced in
Research and Development

Intimate combinations of materials
form new materials with new and
different properties. A large part of
technology is involved in creating new
materials with new and useful properties.

At LFE new devices arc developed by
an appropriate blending of different
technologies. Thin film memory
devices are being developed by a team
of physicists, chemists, metallurgists
and mathematicians. Advanced
airborne navigation computers are
being developed through the joint
efforts of mechanical engineers, digital
engineers, mathematicians and physicists.

These are but two of many programs
in Research and Development now
underway at LFE.

If any of your programs call for the
combining of numerous technologies,
we nvite your critical examination

of LFE’s capabilitics and facilities.

ATORY FOR“ELECTRONICS, INC., Boston 15, Massachusetts

[ :*MS, EQUIPMENT & COMPONENTS FOR AIRBORNE NAVIGATION - RADAR ard SURVEILLANCE - GROUND SUPPORT
CTRONIC DATA PROCESSING « MICROWAVE !NSTRUMENTATION . AUTOMATIC CONTROLS . AIR TRAFFIC CONTROL
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wilk one fALFRED 496/4/./

This compact ALFRED ELECTRONICS microwave power supply provides electrode volt-
ages for nearly all medium and low noise figure TW tubes. Companion solénoid
supplies for electromagnet focused TW tubes are available. Here are the major

advantages of this precision ALFRED supply:

% FLEXIBILITY

One electrode supply operates most presently known
tubes. It will operate new tubes as they become avail-
able. Cover present and future needs with same supply.

7c INTERCHANGEABILITY

Build all your low noise amplifiers around standard unit.
Simplify servicing. Stock parts for only one type of
supply.

¢ LOCAL OR REMOTE OPERATION

Model 252 design permits remote operation of TW tube
as may be required with broad-band preamplifiers. Heater
supply has extra wide voltage range to compensate for
cable IR drop.

% SIMPLE OPERATION

Only two controls on front panel for day-to-day oper-
ation. Set-up controls are on recessed subpanel. All volt-
ages and currents are internally measured using front
panel meter and recessed selector switch.

% STABILITY

Electrode supplies are well-regulated and designed for
minimum drift. Use of dc heater power reduces spurious
amplitude modulation.

WHEN WRITING TO ADVERTISERS PLEASE

7c 50 TO 450 CPS INPUT

Wide band power input permits use with almost any
available power source.

7 ECONOMY

Separate solenoid supplies are available. Purchase only
the supply you need when you need it.

XEY SPECIFICATIONS FOR MODEL 252

Helix: Voltage, 75 to 1400 v; Ripple, less than 20 mv pk-ta-pk; Regulation,
=+.03% line. Collecter: 0 to 300 v relative to helix. Four Anodes, ranging

from —100 v to +-900 v relative to cathode. Heater, 0 to 11 v DC at 0 to
1 amp with 2% regulatios. All electrode supplies internally metered.

Two low ripple Solenoid Supplies are available. Both are adjustable over a
wide range providing adequate power for most TW tube focusing magnets.
Model 253 is unregutated; Model 254 Is currem regulated.

KEY SPECIFICATIONS FOR MODEL 253
0 to 105 v DC at 0 to 7.5 amp or 0 to 110 v at 6 amp. Ripple, .5% pk-to-pk.

KEY SPECIFICATIONS FOR MODEL 254
0 to 100 v DC at O to 7.5 amp or 0 to 105 v at 6 amps. Ripple, 5% Regula-
tion, +1% for -+10% line change or 30% load change.

PRICES: Model 252, $890; Model 253, $200; Model 254, $350.

WRITE FOR MORE DATA—Contact your ALFRED engineering rep-
resentative for more details, or write us directly at Dept. 86.

ALFRED ELECTRONICS

897 Commercial Street « Palo Alto, California
DAvenport 6-6496

MENTION-—PROCEEDINGS OF THE IRE
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Highly accurate,

direct reading
wide band

FREQUENCY
METERS

3.95 to 40 KMC!

COMPLETE
FREQUENCY
COVERAGE

SPECIFICATIONS

Now @ offers you hlgh quality, mOdeI’ate|y priced Overal! Dial Calib§ Calibration| Max. Temp

M E i M Model | Accuracy Frequency | Accuracy| increment| Coefficient
precision Frequency Meters covering eight impor- No. (%) | Range KMC (%) MC) | %percC| Price
tant microwave bands. GS32A |  0.068 3.95- 5.85 0.033 1 0.0012 | $325.00
9 . A J532A 0.06% 5.30 - 8.20 0.033 2 0.0012 300.00
Frequency is read directly in KMC on the large,  nHsa2a| o015 | 7.00-100 0.040 2 0.0015 | 195.00
precisely calibrated spiral scale. No charts or inter- ~ X$328| 0080 | A20-124 | 0050 s 0.0010 1y 150.00
] | . B Ms32A| 0.085 | 10.0 -15.0 0.053 5 0.0012 275.00
polation are required. Accuracy is high—upt00.06%  ps32a| 0100 | 12.4 -180 0.068 s 00012 | 21000
including 0 to 100% relative humidity change, 20° C ~ Ks32a] 0110 J 180 -265 | o007 10 9.0013 R} 230.00
w.A 3 . RS32A 0.120 26.5 -40.0 0.083 10 0.0017 250.00

temperature variation and dial accuracy (See Speci-

] g K and R band models available with circular flange adapters; specify
fications). K532AC and R532AC respectively.

m . . d ) . -2 KMC, si

Model 532 Frequency Meters comprise a special  reconance is achioved. © > (MCr or 57 10 8.2 KMC, single mode
waveguide section mounting a high Q resonant cav- Data subject to change without notice. Prices f.0.b. factory.
lty tuned by a choke plunger. Aldbor greater dlp For complete details, call your & representative or write direct

in output indicates resonance. There are no spuri-

ous modes or resonances. Tuning is.by a precision HEWLETT-PACKARD COMPANY

lead screw, spring loaded to eliminate backlash. 1052D Page Mill Road Palo Alto, California, U.S.A.
Minimum calibration spacing is 1/32” to provide Cable "HEWPACK™ DAvenport 6-7000
. . Sales representatives in all principal oreas
good resolution. HEWLETT-PACKARD S.A.
Rue du Vieux Billard No. 1 Geneva, Switzerland
Cable ““HEWPACKSA” Tel. No. (022) 26. 43. 36

complete instrumentation for microwave measurements

PROCEEDINGS OF THE IRE January, 1961 57A
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ﬁ-ge send for the

ALLIED

For the semiconductor field
a wire such as Nickel may be
Gold plated and subsequently
electroplated with either a
Group Ill or Group V metal,
thereby providing a

"doped’’ electroplate.

Another application is the
electroplating of a high melting
point wire such as Nickel with
Indium as a low melting point
solder. Many other
combinations are achievable.

Write for list of products

1961 ELECTRONIC
SUPPLY CATALOG

572 PAGES - MOST COMPLETE

0000000000000 0000000000

BUY AT FACTORY PRICES

FROM THE WORLD'S LARGEST STOCKS

we specialize in the supply of:
® Co tors
o Capacitors
® Transformers ® Switches

* Controls ® Resistors

® Special-Purpose Tubes

o Test Equipment and Meters

o Knight-Kit® Instruments

© Knight® Paging & P.A. Systems

o Electranic Parts far Every Need

® Semiconductors
® Relays

your dependable
3 source for everything
in electronic supply

£

SINCE 1901

SIGMUND COHN MFG. CO,, INC.

121 SOUTH COLUMBUS AVE.

N

ALLIFD

electronics
FOR INDUSTRY

1961

e v SOVOND N\ TENRIRNGY

o

ALLIED RADIO

wo = mrate

=

“-‘

ONE ORDER TO ALLIED
FILLS THE WHOLE BILL

Have the world’s largest stocks of
electronic equipment at your com-
mand. No need to deal with hun-
dreds of separate factories—one or-
der to us fills the whole bill. You get
same day shipment. You buy at fac-
tory prices. Write today for the FREE
1961 ALLiED Catalog—your one-
source electronic supply guide.

ALLIED RADIO .':

100 N. Western Ave., Dept. 153-A1
Chicagoa 80, lif.

send for

our 40th year FREE

catalog
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MT. VERNON, N.Y.

A&

(%, Professional 3
Group Meetings 3

New York—DMay 12
“Military Applications of Infra-Red
Devices,” Dr. D. K. Coles, I'TT Labs., I't.
Wayne, Ind.
Metropolitan New York—September 29

“KFerroelectric  Energy  Converters,”
S. R. Hoh, I't'T Labs., Nutley, N. .

ELecTroN DEvICES
MicrowavE THEORY AND
TECHNIQUES

San Francisco—September 21

“Paramagnetic  Resonance,” G. L.

Pake, Stanford Univ., Stanford, Calif.
San Francisco—October 13

“Tube Trends for the Space Age,” H. 1.
Ewen, Ewen-Knight Corp.

ErectroNic COMPUTERS
Detroit—Octaber 31

“The Application of Tunnel Diodes to
Digital Computers,” I. K. Buelow, IBM,
Poughkeepsie.

Fort Worth—November 1

“Digital and Pulse Circuits,” . Cra-

gon, Texas Instruments knc.
Houston—October 20

“The 1620 IBM,” D.Williamson, IBM,

Houston.
New York—September 29

“Unique Features of Republic Avia-
tion Airborne Digital Computer,” N.
Nessenoff and M. Modschein, Republic
Aviation Corp., Mineola, L. [.

San FFrancisco—September 27

“New Systems' Concepts in Control,”

G. M. Amdahl, IBM, San Jose.
Washington, D). C.—October §

“The Perceptron,” A, E. Murray, Cor-
nell Aeronantical Lab.

Washington D. C.—November 2

“A Review of Cryoelectric Computer
[lements,” W. B. Tttuer, [11, IBM, York-
towin,

[ENGINEERING MANAGEMENT
Boston—October 20

“Profit Improvement through Organ-
ization Planning,” J. G. Hendricks, Ray-
theon Co., Watertown, Mass.

Metropolitan New York—IFFebruary 18

“The Computer as an Aid to Engineer-
ing Management,” Dr. T. C. Fry and
C. F. Crichton, Remington Rand.

(Continued on page 604)
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HUNDRED MILLION
MEGOHMMETER

OHMMETER

Type IMS

FOR LAB WORK

Measurement on capacitors, re-
sistors, and insulating materials.
High accuracy and stability.
lLarge meter: 6" scale.
Provisions for measurement on
three-terminal resistors: built-in
leakage current guard.

Measuring Range:

| Megohm to 100 Million Meg-
ohms.

Scale calibrated from 1 Megohm
to 100 Megohms, range multi-
pliers: x!, x10,---x109°,
Test Volitage:

50, 100, 200, 500, and 1000
volts d.c.

The complete measuring range
can be used on all test voltages.

Accuracy:
2 t0 5% depending on the range.

FOR PRODUCTION

1000 to 2000 components
tested per hour by means of new
electrically operated Gomponent
Jig type KPHIMI.

The clamping mechanism is
actuated by the function selector
of the Megohmmeter. Adjustable
spacing between terminal posts.
Rutomatic charging of capacitors
permits fast operation, even on
large units.

Provisions for fast go-no-go
meastraments.

Capacitors automatically dis-
charged before release.

Radiometer offers a line of 50 different instruments:

AF-OSCILLATORS. R-L.C BRIDGES, SIGNAL GENFRATORS, VACUUM-TUBE VOLTMETERS
VIAVE ANALYSERS, AND ELECTROCHEMICAL INSTRUMENTS.

Write for complete information.

Representatives:

United States: Welwyn Int. Inc. Canada: Bach-Simpson Ltd.
3355 Edgecliff Terrace London,
Cleveland 11, Ohio Ontario

RADIOMETER

72 Emdrupvej, Copenhagen NV, Denmark

WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE
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Group Meetings
{Continued from page 38:1)

Metropolitan New York—April 21

“Brieing for Executive A\ction,” Dr.
0. G. Haywood, . Huyck & Son, New
York, N. Y.

San Francisco—October 12

“Can Managers Remain Creative,”
J. E. Arnold, Stanford University, Stan-
ford, Calif.

Syracuse—October 6

“PERT (Program Evaluation & Re-
view Technique) in the Polaris Program,”
W. Fazar, USN Special Projects Office,
Washington, D. C.

“PERT in Industry,” J. Pearlman.
General Electric Co., Utica, N. Y.

A film following the Polaris (Fleet
Ballistic Missile) through Development.

[ENGINEERING WRITING AND
SPEECH
San Francisco—QOctober 18

“Motion Pictures as another Tool for
the Engincering Writer,” T. Brickley,
Palmer Films, Inc., San Francisco.

“How the ‘Writer Producer’ Can Use
Motion Picture Services,” \WW. A. Palmer,
Palmer Films, Inc., San Francisco

INDUSTRIAL ELECTRONICS

Chicago—October 14

“Radiation Gaging in Industry,” R. L.
Carver, Nuclear-Chicago Corp.

[NSTRUMENTATION
San Francisco—October 4

“Progress in Development of Elec-
tronic Standards,” C. Shechan, Ampex
Corp., Redwood City; T. Whittimore,
Philco Corp., Palo Alto; I.. Burlingaime,
Lenkurt Electric Co., San Carlos; I’. Hand,
Hewlett-Packard, Palo Alto.

MicrowavE THEORY AND
TECHNIQUES
Boston—October 13
“fow Nois¢ Microwave Amplifica-
tion,” Dr. G. Wade, Raytheon Spencer
Lab., Burlington, Mass.
Denver—June 6
“Flow Graphs for Analysis of Elec-
tronic Systems,” C. S. Lorens, Jet Pro-
pulsion Lab., Calif. Inst. of Technology.
Denver—June 28

“Properties of the H'guide at Micro-
wave and Millimeter Waves,” F. J. Tischer,
Ohio State University.

(Continucd on page 644)
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THIS UHF DIPLEXER NETWORK
was built by DIELECTRIC Products
Engineering Company, Inc., under

contract from Space Technology
Laboratories, tnc. It is now installed
in the tower of the single giant
antenna of *SpaN Net's™ Jodrell

Bank radio telescope at Manchester,

England Its functionis . . .

Isolating simultaneous signals to and from deep-space payloads

dial DIELECTRIC
for solutions to
communications

PROCEEDINGS OF THE IRE

Commandinrg and monitoring space vehicles is the responsibility of “SpaN Net” . . .
a global network of radio telescopes set up and operated by Space Technology
Laboratories for U.S.A.F.

To fulfill its mission, “SpaN Net” had to meet challenges far beyond the state of
the communications art. Never before had powerful command signals and faint
telemetered deep-space data been simultaneously handled by a single antenna.
How could transmit and receive channels with a differential of more than 200
decibels be isolated? Conventional diplexer technology was not the answer.
Teamwork solved the isolation problem! *“SpaN Net” assigned the task to Space
Technology Laboratories, Inc., who added DIELECTRIC of Maine to its research,
development and production team. Result? An ultra-high-frequency diplexer
network that allows the Jodrell Bank radio telescope’s single antenna to transmit
20 kw commands and receive 0.002 microvolt signals . . . simultaneously.

This contribution to SpaN Net’s break-through is typical of product advances by
DIELECTRIC If you have similar problems in communications. . . from design to
delivery . . . it pays to contact DIELECTRIC. Capabilities, facilities and
accomplishments are described in our brochure. Write for it today.

Other areas of DIELECTRIC capability in coaxial, waveguide and open wire techniques . ..

TRANSMISSION LINE & COMPONENTS « NETWORKS « SWITCHES « ANTENNAS & FEEDS
TEST EQUIPMENT - R&D ENGINEERING

DIELECTRIC PRODUCTS ENGINEERING CO., INC.

% RAYMOND, MAINE

Janvary, 1961 61A
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Eliminate Trimming Resistor Problems
with Borg Absolute-Linearity Micropots

The above schematic illus- advantages and cost savings brought about by the
trates how many original absolute linearity of the Borg 900 Series can now ke
equipment manufacturers fully appreciated. With 900 Micropots, your equipment
are eliminating trimming will afford greater accuracy, reliability and practicality

networks from circuits by because trimming and adjustments with auxiliary re-

replacing conventional po- . . .
P 9 P sistors are no longer required. Trained assembly per-

tentiometers with Borg 900
N sonnel can now be concentrated on more profitable

Series Absolute Linearity Micropots. The Borg 900 Series . .
- . N areas of production. Many other 200 Series advantages
eliminates electrical overhang . . . trimming becomes A | . bl \

. . e tentiomete ems as they ar
unnecessary. A further advantage is accomplished by can hewp solve your polentiomerer problem y are

sefting the 900 Series mechanical stop o a phasing now doing in all types of industry. The 900 Series is

point. Field replacement of the primary potentiometer available in ten and three turn models with several

now becomes a simple mechanical process of attaching optional features. Contact your Borg

leads and phasing from the preset stop. This means you technical representative or let us put ‘
do not have to replace trimmers or resistors each time him in touch with you. Ask for data BORG
®

you replace the primary potentiometer. The design sheets BED-A128 and BED-A129, '
N—

BORG EQUIPMENT DIVIS/ION

Amphenol-Borg Electronics Corporation
Janesville, Wisconsin « Phone Pleasant 4-6616

Micropot Potentiometers *  Turns-Counting Microdials ~ *  Sub-Fractional Horsepower Motors  *  Frequency and Time Stcndards
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General Instrument Semiconductor... Design Breakthrough

NEW %i 2N1678 “DYNAMIC
R DRIFT”

- o e T High Voltage
il High Speed
e Saturated Circuitry
G 2Me678 = G 2N1678 At Low COSf

-
> i ~,

>
>
>
>
>
>

<
<
<
<

2N1678 PNP Germanium “Dynamic Drift"

Parameter| Conditions Min, Typ. Max,

T, -65°C +85°C
Py 1, = 25°C 120 mw
Vees 1, = 100 »a 60 v
Veso leso = 25 #a 60 v
Viso lggo = 100 xa dv
Ny I, =20ma; Ve, =0.25v 25 40
leso Vo= 10v 5 xa
Vot I, = 20ma; Vg = 0.25 v 06v

General Instrument proudly presents the 2N1678
“Dynamic Drift”. .. ideally suited for high speed,
kigh voltage saturated circuit applications. The
1 Mc bistable multivibrator, above, is only one ex-

emple of the multitude of applications for this le=1ma; Ve = 5v 25Mc | 35Mc
attractively-priced transistor family. le = 1ma; Ve, = 10 50 Mc
. B le = 1 ma;Veg = 5v: f = 1 ke 30 @
Life test data proves reliability of the new General {n. Voo =5V 1, =1ma; f=1ke 0.5« mho | 2 « mho
Instrument 2N1678 “Dynamic Drift”. Close quality 1c.. Vep = 5v; 1, = 1ma;f=5Mc 35pf  |5pf
control guarantees extremely high electrical uni- L+t | =20ma 0, =y 0.4 4 sec
e+t =1ma; R, = 1K 0.4 « sec

formity, shipment to shipment.

FULL LINE OF QUALITY Cﬁ COMPUTER SEMICONDUCTORS

General Instrument is your major source for high quality Write General Instrument for complete engineering and
computer semiconductors . . . transistors, as well as com- life test data, design curves, and typical circuitry which
panion diodes, rectifiers and logic encapsulations for every takes advantage of the unique combination of characteristics
type of circuit application. The transistor families shown offered by the new G; 2N1678. Data is available, of course,
below indicate the broad range of superior quality units on our full line of computer semiconductors. Our engineers
offered by General Instrument. will gladly discuss your specific circuit requirements.

GENERAL INSTRUMENT GERMANIUM TRANSISTORS. .. SATURATED SWITCHING SPEED CAPABILITY
Lt (usec) 102 1 10~} 10-2

All speeds shown have been
attained with conventional satu-
rated circuitry. Total bar length
represents rate (period) using
speed-up capacitors; broken bar losy
indicates maximum speed with- oot v
out capacitor. NewiShownl__ GOV

Representative transistors R BT
shown are alloyed-junction de- {le =500ma)
vices. Types 2N501A, 2N604, T ——
and 2N1678 are MADT, Drift, oS
and High-Voltage Drift, respec-
tively.

[ I ] 2n3s8a

| | ] 2naara

LOW CURRENT () —S0ma)
SWITCHING RATE (M}  10-2

i

TRANSISTORS, DIODES, RECTIFIERS

10}

SEMIGONDUGTOR

DIVISION OF GENERAL INSTRUMENT CORPORATION

65 Gouverneur Street, Newark 4, New Jersey

3 For immediate delivery
§ of G Semiconductors,
5 call your local
authorized stocking

. : distributor.
IN CANADA: General Instrument—F. W. Sickles of Canada Ltd., P.0. Box 408, 151 S. Weber Street, Waterloo, Ontario, Canada. Sherwood 4-8101,
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h1fCoy

a synonym for quality,
stability, and dependability in

CRYSTALS and CRYSTAL FILTERS

.T e - e
MCEOY e
M-1 M-4 ]
B .‘ e

| |

STANDARD SIZE
CRYSTAL UNITS

The crystals that made the name of
McCoy a synonym for quality, Matal
encased, the M-1, M4, and M-5 are
available in frequencies from 500.0
ke to 200.000 me.

Shown Actual Size

ALL-GLASS
CRYSTAL UNITS

g4 L)

G20 T‘T’ 621

Shown Actual Size

|
HC-18/U type. Meet new CR-73/U
and CR-74/U specs. Available 5000
ke to 200.0 mc. iR
i

2]

- Y

SUB-MINIATURE
CRYSTAL UNITS

Fill the need for miniature crystals from
1.0 me to 200.0 me. Meet specs MIL-C.
30988 and ARINC No. 401

l?“w{ {M‘wf
~-20 i M-21 i
5 -~ ll meCov

Shown Actual Size

CRYSTAL FILTERS

Band pass types from 1.0 mc to 30.0 me
center frequency with 6 db band widths
of 0.01% to 4.0% of center frequency.
Single side band types from 1.0 mc to
20.0 me frequency with 3 db band.
widths from 1.0 ke to 10.0 ke.

Regardless of size, weight, or shape, McCoy crystals
and filters will deliver the utmost in stability under

illustrated
cataleg
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extreme conditions of shock cnd vibration. Our re-
search section will be pleased to assist you.

ELECTRONICS CO.
Dept. P |
MT. HOLLY SPRINGS, PA.
Phone: HUnter 6-3411

@A Professional =
_ou ,.I.JJé
Group Meetings

(Continued from page 601

New York—January 14
“Fundamentals of Antennas,” Dr. L
Jasik, Jasik Labs., Inc.,, Westbury, L. L
New York—January 21
“Principles of Traveling Wave An-
tennas,” . \. Oliner, Microwave Re-
search Institute, Brooklyn.
New York—January 28
“Reflectors as .\ntennas,” R. L. Mat-
tingly, Bell Telephone Labs.
New York—Iebruary 4

“Lens Structures and Artificial Dielec-
trics,” K. S. Kelleher, AG\ Corp., \lexan-
dria, Va.

New York—February 11

“Microwave  Measurement  Tech-
niques,” Dr. T. E. Tice, Ohio State Uni-
versity.

New York—April 7

“The Role of Plasmas in Microwave
Engineering-—Panel  Meeting,” Dr. N\
Marcuvitz, Microwave Research Insti-
tute; Dr. Gould, Microwave Associates;
Prof. L. Smullen, MIT; O. T. Fandings-
land, Ravtheon Mfg. Co.

New York—DMay 19

“Practical Utilization of Power Trans-
mission hy Electromagnetic Beams,” W, C.
Brown, Raytheon Mfg.

MiLiTaRY ELECTRONICS

Long Island—October 23

“Reconnaissance Photography,” J. Zil
ko, Fairchild Camera & Instrument Corp

NUCLEAR SciiNce

Los Angeles—October 18
“The Use of Semiconductor Junction
Devices as Nuclear Particle Detectors,”
J. W. Mayer, Hughes .\ircraft Co.
QOalk Ridge (Atlanta)—September 15

“Clinical Gamma Ray Detectors and
Their Problems.”™ D, \. Ross, Oak Ridge
[nst. of Nuclear Science Medical Division.

PRODUCT IENGINEERING AND
PronucTiON
New York—October 3
“Economical Design of Military Elec-
tronic Equipment,” P. D. Belz, Westing-
house Llectric, Baltimore, Md.
San Francisco—September 27

“Movie on Manufacture of High Den-
sity Electronic  Packages,” Lockheed
Sunnyvale Plant.

(Continued ¢n page 68.:1)
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American-
Marietta’s

PROCEEDINGS OF THE IRE Janvary, 1961

BOOSTS PRODUCTION

OVER 420%
—————

Greater product uniformity. .. better
part performance...70% less labor-with
American-Marietta’s new EMC epoxy
compounds, says leading magnetic
component manufacturer.

Previous methods involved costly hand application of layers of resin
material. New EMC transfer molding process guarantees a moisture-
proof, uniform high density epoxy package. New product appearance is
graphically compared by EMC molded part shown at center right with
tormer version.

Again EMC clearly proves its superiority under rigid MIL Spec
test requirements. Improved resistance to moisture and tem-
perature cycling as well as standardized part size and shape
are some of the important reasons why Pulse Engineering of
Santa Clara, California, switched to EMC. transter molding.
As a result, output of miniature pulse transformers jumped
from 130 to 550 parts per worker per shift, a gain of over
420%, relates Hugh B. Fleming, Pulse President, who intends
further expansion utilizing the versatile, reliable properties of
EMC.

Unique, Versatile Plastic Materials for advanced
Design and Product Development

EMC Epoxy Molding Compounds are available with built-in
mold release and optional non-burning properties in a wide
choice of fillers, colors and reinforcements readily adaptable
to vour production requirements.

Single component dry granular systems, they offer an excep-
tional balance of electrical, chemical and physical properties.
Long range research and extensive military and industrial
evaluation continue to demonstrate the reliability and design
compatability of American-Marietta’s new EMC systems.

® Low pressure transfer and ® (One component dry granular
compression molding system

® Sclf-releasing ® Qutstanding balunce of
No outgassing properties

® Low moisture absorption

Like to see how EMC can play an important part in your next
project? Write the nearest American-Marietta Technical-Sales
office listed below citing your applications.

AMERICAN-MARIETTA COMPANY
Adhesive, Resin and Chemical Division

3400 13th Avenue S. W,
Seattie 4, Washington

42 South Third Street
Newark, Ohlo
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SHF
Broadhand
Radio
Equipment
earries

960 speech
eircuits or

1 television
gircuit on
Trans

-Gontinental
routes

lecommunications

I I | i

Everything for Te

The latest GEC triumph in

the field of telecommunications

is their new

SHF Broadband Radio Equipment
which operates in

the 6000 Mc¢/s band and carrics
960 speech circuits

or a television circuit.

Choice of a band

in the SHF range was due
to GEC engineers,

who foresaw that the design
objectives could not
economically be achieved in
the 2000 Mec/s band,

and because of their

firm belief that within the
next few vears the

4000 Me/s band would become

increasingly congested.

It is significant that this

new equipment has already been
chosen for the new

British television link between

Carlisle and Kirk o’ Shotts.

Please wrile for further information to;

THE GENERAL ELECTRIC COMPANY LIMITED

OF ENGLAND

Telephone Works, Coventry. Iingland.

Works at Coventry, London, Middlesbrongh, Purtsmouth,

Smee’s GEC 66



End-of-line clipper —

Clipper tube is connected -
across the far end of the —

impedance thereby reducing
the inverse voltage to zero.

pulse-forming network in
i i isti SWITCH
series with a resrshvt.a load TURE _CLIPPER
whose value approximates TUBE
the network impedance. When
the clipper tube is triggered,
the pulse-forming network VVVWV N —
t: inates in its ch teristi
erminates in its characterishc LOAD

Positive protection
against destructive
voltages with
Tung-Sol Clipper
Thyratrons

line-type radar modulators require clipper protection
against excess inverse voltages, which can destroy costly
components and increase equipment downtime. Clippers
also perform valuable circuit service by regulating puise
amplitudes and reducing switch tube loading.

But until Tung-Sol developed these high-reliability hy-
drogen-filled clipper triodes previously used clipping de-
vices brought some serious disadvantages to the job.

~ow, however, you can be sure of perfect clipping ac-
tion when you design Tung-Sol clippers into your equip-
ment., More rugged and less costly than solid state devices,
mcre efficient with a much lower dynamic impedance than
vacuum clippers, and faster acting and more resistant to
arc-back than gas diodes, the new Tung-Sol thyratron
clippers are designed and built to deliver uncompromised
performance.

The low “firing" voltage and the ability to carry large
peak currents make these hydrogen clipper thyratrons
ideal for this application. These tubes also feature hydro-
gen reservoirs which promote long life by providing an
avtomatic mechanism for replenishing hydrogen lost by
"cleanup”.

Circuit requirements are simple whether the Tung-Sol
thvratrons are used as "end of the line" clippers, “across
switch” clippers or “tail biters".

Write for complete technical details on the new 7454
and 7455 Clipper Thyratrons. Tung-Sol Electric Inc.,,
Newark 4, N. J. TWX:NK193.

® TUNG-SOL

Technical information availoble through ATLANTA, GA.; COWUMBUS, OHIO; CULVER CITY, CAUF,; DALLAS, TEXAS; DENVER, COLO.; DEIROIT, MICH.;
IRVINGTON, N. J.; MEIROSE PARK, ILL; NEWARK, N. J.; PHILADEIPHIA, PA,; SEATTIE, WASH. IN CANADA: ABBEY ELECTRONICS, TORONTO, ONT.

PROCEEDINGS OF THE IRE Janvary, 1961
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50 HOURS OR

for a

CONTROL
SYSTEM
DESIGN?

esiac.

Leading aircraft and electronics

firms report these startling

‘ time comparisons for design-
-

ing and optimizing
sophisticated 10 4

pole-zero guidance

systems. Comparisons were
made using Root-Locus* —
ESIAC versus other computers.
Figures from customer files.

Details on request.

*One of mony ESIAC design opplicotions.

-
»

Grophical . n o
PR More than one week required to obtoin solution. 50 hours
Digital Computer Extensive revision of existing root-locus progrom 30
Techniques wOs necessory, hours
ESIAC Approximotely one hour of instruction by design engineer. 5
Root-locus Assistont operoted ESIAC thereofter. hours

An entirely new concept in onolog-lype computer. Solves intricote system design problems in minutes
insteod of hours, hours insteod of doys. Write for descriptive engineering bulletins, ESIAC solutions
to system design problems or on ESIAC demonstrotion in your plant,

® see it in action

1961 IRE SHOW

booths 3028, 3029, 3030

Electro Sclentific Industries
7524 S.W.MACADAM + PORTLAND I9, OREGON
CHerry 6-3331

formerly [ ELECTRO-MEASUREMENTS, INC,

A Professional §

J

Group Meetings =

(Continned from page 644)

San Francisco—October 25

“Theory and Practice of lmpurity Con-
centration and Control in Silicon Mono
Crystals,” 1. Kramer, Knapic Electro-
physics Inc., Palo Alto.

RADIO FREQUENCY INTERFERENCE

I“ort Worth—October 11

“System Cabling: The Weakest Link
in the Chain of Interference Control,”
M. B. Tonume, Convair Division General
Dynamics.

SPACE ELECTRONICS AND
TELEMETRY

Los Angeles—October 18

“Synchronization Methods for PCM
Telemetry,” M. C. Pawley; U. S. Naval
Ordnance l.ab.

VEHICULAR COMMUNICATIONS

Detroit—Qctober 26

“Mobile Installation Headaches, Bat-
teries, Antenna lLocation, Ignition Noise,”
E. Denstaedt, City of Detroit (Modera-
tor); S. listes, Hallett Mfg. Co.; E. Bivek,
Ford Motor Co.; P. Skeels, General Mo-
tors; R. Batts, Motorola Inc.; R. Stinson,
Chrysler Corp.

Metropolitan New York—November 17,
1959

“Universal Mobile Communications,”
A, F. Cilbertson, Lenkurt Electric Co.,
San Carlos, Calif.

Metropolitan New York—Iebruary 16

“Design Considerations of 1'T"T Mobile
Telephone Equipment for Common Carrier
Service,” K. Haase, I'TT Indl. Products
Div., San Fernando, Calif.

Metropolitan New York—March 23

Dinner and entertainment for all
PGVC members and guests attending IRE
International Convention.

Metropolitan New York-——May 3

“Report on Joint SAE, IRE and EIA
Cooperative Test of Ignition Noise in
Mobile Radio Systems,” S. Mayer, Allen
B. DuMont Labs., Clifton, N. J.

Metropolitan New York-—October 4

“A New Amplitude Modulation Sys-
tem Employing Hybrid Tubes,” W. L.
Smith, DuMont Labs., Clifton, N. J.

Use your
IRE DIRECTORY!
It's valuable!
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YOUR ONE-3TOP SOURCE . . .

FOR COMPUTER GOMPONENTS!

From economy devices to industry’s fastest
switchers . .. all of the high-performance com-
puter components you need are immediately
available from Texas Instruments! Only TI

offers you such a wide line of specifically de-
signed computer components plus the ability to
supply high-performance devices in mass pro-
duction quantities...when you need them.

TEXAS INSTRUMENTS DEVICES SPECIFICALLY DESIGNED FOR COMPUTER APPLICATIONS

PERIPHERAL EQUIPMENT

LOGIC

MEMORY

POWER SUPPLY

2N 1046 Series
2N1302 Series

2N1038 Series } )
Driver

Logic and Medium
GERMANIUM Power Driver
TRANSISTORS 2N250 Series Electromechanical
2N511 Series Driver

2N797 Very High Speed
2N705

2N710 .

IN711 High Speed
2N1385

mg? }Medium Speed

2N1302 Series

2N1026 Series

Driver 2N1038 Series .
2N1042 Series } e

2N250 Series
2N456 Series }High
2N1038 Series

2N 1046 Series  Power

2N332 Series
2N497 Series
2N734 Series
2N738 Series
2N1564 Series
2N1572 Series
SILICON 2N1586 Series
TRANSISTORS 2N389 Series
2N1714 Series | Electromechanical
2N1717 Series  Driver
2N1722 Series

Logic and Medium
Power Driver

T1 450 | High-Speed

T) 451 ( Transistors

2N706A Series

2N753 Series }High Speed
2N 1252 Series

2N726 PNP High Speed

2N696 Series .

2N702 Series } Medium Speed
1-460 Series

2N337 Series }L“’ Speed

2N696  Series
2N1252 Series
2N 1508 Series

2N337 Series —A A—Amplifier
2N342B Series—D P—Power
2N389 Series —P  D—Driver or
2N497 Series —D Medium Power
2N726 —A

2N734 Series —A

2N738 Series —A

2N1047 Series —P

2N1564 Series —A

2N1572 Series —A

2N1714 Series —P

2N1718 Series —P

2N1722 —P

}Driver

SOLID CIRCUIT*

Type 502 bistable multivibrator

Type 502 Set-reset Flip-Flop

Semiconductor and custom designs for logic
Networks circuits
IN2175 (Photo) col Low Cost col Low Cost IN746 Series Reference
LS-222 (Photovoltaic) | Readout IN650 IN650 IN1816 Series  Power Regulators
SILICCN DIOOES {5.223 (Photovoltaic) { Devices IN651 Galfium Arsenide IN651 Gallium Arsenide
IN652 Tunnel Diodes IN652 Tunnel Diodes
IN653 IN653
IN914 Series  High Speed IN914 Series  High Speed
TI-010 IN253 Series
T1-025 ) Controlled Rectifiers IN538 Series General Purpose
SILICON TI1-050 IN1124 Series [ Rectifiers
RECTIFIERS IN1614 Series ¢ led
ontrolle
2N1595 to 2N 1604 Rectifiers
CAPACITORS ran-Tlcap' Solid tantalum electrolytic capacitors—type SCM—203 standard ratings — 6v to 35v — 1 uf to 330 uf
CG Y4 Hard Glass Hermetic—Precision Film—Standard Resistance Values from 24.9 ohms to 18.2 K
CG % Hard Glass Hermetic—Precision Film—Standard Rasistance Values from 24.9 ohms to 82.5 K
RESISTORS 4 watt to 2 watt—MIL-Line~Precision Film—Standard Resistance Values from 10 ohms to 50 meg

L watt to 2 watt—Molded —Precision Film—Standard Resistance Values from 10 ohms to 45 meg Q

TEXAS

LIMITED

SEMICONDUCTOR-COMPONENTS DIVISION

INSTRUMENTS

INCORPORATED

DALLAS ROAD . BEOFORO. ENGLAND ® 13500 NORTH CENTRAL EXPRESSWAY - DALLAS, TEXAS




KODAK EKTRON
DETECTORS
-for the 1u to 6u infrared

SPECIFIC RESPONSIVITY
1,000

a"° "7 "N' 500101000 sec
77T N0 20040500 4 sec
AT QT 125 10300 uisec
“R"a? =78C 20 to 60 u sec

¥ TE‘at -196C
i 2510100 sec

100

Iess than §
M sec

|
In 2 Iu 4 Su bu
WAVELENGTH

N

a wide-open choice in spectral
responsivity and time constant

a wide-open choice of physical forms
—large, small, complex shapes,
muitiple arrays, “immersed,”* Dewar-
housed—ingenuity is the only limit,
almost

For more precise explanations and a price
list of off-the-shelf Kodak Ektron Detectors
(or to see if we can build a complete
infrared system for you), write—

EASTMAN KODAK
COMPANY

Apparatus and Optical Division

Rochester 4,
N.Y.

odialks
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Tore N. Anderson (S'47-\'19-S\I’55),
exccutive vice president of FXR, Ine,
Woodside, N. Y., has heen named president
of the firm. lle suc-
ceeds Henry Feld-
man, the founder,
who moves into the
newly created post
of board chairman.

Formerly \Vice
President and Di-
rector of engineer-
ing at \irtron, Inc.,
a division of Litton
Industries, he came
to FXR last Janu-
uary as assistant to
the president. He became executive vice
president and general manager in April,
and was elected to the board of directors
in July.

le is Chairman of the Waveguide
Standardization Committee of the Elec-
tronic Industries Association, and is a
consultant to the Defense Department’s
Advisory Group on Electron Parts. He
recentlv participated in the Ulm, Ger-
many, meeting which was preparing inter-
national standards for waveguides and
waveguide connectors. \s a result of this
meeting, he became head of the seeretariat
of the waveguide committee for the Inter-
national Electrotechnical Commission.

Mr. Anderson was Chairman of the
Northern New Jersey Section and organ-
ized the Chapter's Professional Group on
Microwave Theory and Techniques. 1le is
now a member of the Administrative Com-
mittee and Vice Chairman of the Group.
He isalso a member of the American ’hysi-
cal Society and the American Institute of
Electrical Engineering, and a member of
the Tau Beta Pj and Mu Alpha Omicron
honor societies. He received the B.S. degree
from Cooper U'nion, New York, N. Y.

T. N. ANDERSON

2o

.0

The appointment of Edward J. Bacon
(M’53), as Head of the Electronics De-
partment at \Washington Technological
Associates, Rock-
ville, Md., was re-
cently announced.

He comes to
WTA directly from
Emerson Research
Laboratories, and
was earlier em-
ployed at Diamond
Ordnance Fuze
Laboratories and
Radio Corporation
of  America. lle
carned both the
B.S. (1946) and M.S. (1947) degrees in
Electrical Engineering at Massachusetts
Institute of Technology, Cambridge.

Ile has specialized in FM-CW and

E. J. Baco~N
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short range pulse radar systems. For the
U. S. Signal Engineering Laboratories, he
created and developed the AN/APN-100
Radar Altimeter, a significant innovation
in the field of accurate airborne altimetry.
He was also responsible for the develop-
ment of a radar altimeter required by the
Federal Aviation Administration for an
instrumented landing system, and con-
tributed to the design of altitude sensing
devices for the “Hound Dog” missile and
a proximity fuze for the “Corvus” missile
needed by the U. S. Navy Bureau of
Ordnance.

While Chief of the Air-Target Fuzing
Section at Diamond Ordnance Fuze Labo-
ratories, he guided the development and
fabrication of proximity fuzing systems for
the “Terrier,” “Sparrow” and “Tartar”
missiles, and was successful in improving
fuze performance for increased reliability,
immunity to countermeasures and absolute
range cut-off.

John Brinda, Jr. (\\'48-M'55), has
joined the Remington Rand Univac Mili-
tary Division, St. Paul, Minn., as super-
visor of a new reli-
ability training pro-
gram.

1le was formerly
a rescarch engincer
at the American In-
stitutefor Research,
Pittsburgh, 1’a. e
received the mas-
ter’s degree in elec-
trical  engineering
from the Univer-
sity of Pittsburgh
in 1952, and was an
assistant professor of electrical engincering
there from 1952-1959. In his new job, Mr.
Brinda is setting up a training program
to show U'nivac engineers how to improve
the reliability of their designs.

J. Brixpa, Jr.

John Basarab, Jr., (S'50-A'52-M'57),
who joined Lockheed Electronics Company
four years ago as a design engineer, has
been named supervisory engineer in that
company’s Shipboard Electronics De-
partment, Military Systems Division.

He assumes engineering responsibility
for some of the division’s major Navy con-
tracts, including those concerned with the
Regulus Guidance System, Gunfire Con-
trol Systems, and various radar equip-
ments.

As senior engineer and project engineer
in the Shipboard Electronics Department
(the positions he held previous to his pres-
ent promotion) his work has been con-
cerned primarily with design and develop-

(Continued on page 72A4)
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Broadness of Sprague’s Line
of Precision Toroidal Inductors
Offers Standard Units
for Practically Every Application

ESIGNED FOR USE in com-

mercial, industrial, and military
apparatus, Sprague Precision Toroid-
al Inductors are customarily sup-
plied to the close inductance toler-
ance of *19. The broad line of
Sprague Precision Toroidal Induc-
tors includes such styles as open
coil, plastic-dipped, rigid encapsu-
lated inductors with tapped or
through-hole mounting, and hermet-
ically-sealed inductors.

All styles, with the exception of
the open coil type construction, meet
the appropriate requirements of
Military Specification MIL-T-27A.

Sprague Precision Inductors are
manufactured in modern plants
which are equipped with the most
up-to-date facilities for winding,
processing, and testing the cores.
Production instruments used in the
manufacture of Sprague inductors
are calibrated periodically to assure
desired levels of accuracy. Quality
control and inspection departments,
which function independently of
each other, maintain close surveil-
lance over all production operations.

Several core permeabilities may
be obtained in each of the five basic
sizes of Sprague inductors to give
the circuit designer the optimum
selection of desired Q and current
carrying abilities. Further, each of
the core sizes is available with sev-

PROCEEDINGS OF THE IRE
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eral degrees of stabilization. In-
ductors made with cores which have
not been subjected to the stabiliza-
tion process exhibit low inductance
drift with time and have a low tem-
perature coefficient of inductance.
Where a greater degree of perma-
nence of characteristics is required,
cores with two different stabilization
treatments can be used for most
types of inductors.

All standard inductors by Sprague
may be operated over the tempera-
ture range of —55 C to +125 C.
Temperature cycling of finished in-
ductors is a standard production
procedure in order to equalize in-
ternal stresses and insure perma-
nence of electrical characteristics.

In those cases where the extensive
line of Sprague standard inductors
is unsuitable for a particular applica-
tion, the Special Products Division
of the Sprague Electric Company
will be glad to work with you to
custom-tailor designs to meet specific
customer requirements.

For detailed information on stand-
ard ratings, package sizes, Q, current
carrying abilities, properties, etc.,
write on company letterhead for
portfolio of engineering data sheets
on precision toroidal inductors to
Technical Literature Section,Sprague
Electric Company, 235 Marshall
Street, North Adams, Massachusetts.

Something

NEW

in counting
techniques!

Sprague type 73Z1
core-transistor

DECADE
COUNTERS

Here is a simple yet versatile, low-cost
yet reliable component for counter ap-
plications. Counting to speeds of 10 kc,
the 73Z1 decade counter provides an
output signal for every 10 input pulses,
then resets in preparation for the next
cycle. For higher counting, two or more
counters may be cascaded. Typical char-
acteristics are shown below.

CHARACTERISTIC INPUT OUTPUT
Amplitude 1.5 to 8 volts | 6.5 volts min.
Pulse Width 1 sec min. 50 usec nom.
Impedonce 100 ohms 20 ohms

Utilizing two rectangular hysteresis
loop magnetic cores and two junction
transistors to perform the counting op-
eration, the 73Z1 counter is encapsulated
in epoxy resin for protection against
adverse environmental conditions. Ithas
five terminals —B+ (12v +10%), in-
put, output, ground, and manual reset.

The 73Z1 counter is available as a
standard item. However, ‘‘customer
engineered” designs can be supplied
when other counting cycles, speeds, and
package configurations are required for
special applications.

For complete technical data or applica-
tion assistance on the 73Z1 counter or other
Sprague components, write to Special
Products Division, Sprague Electric Co.,
235 Marshall St., North Adams, Mass.

5 % 3o o EhT TS

| SPRAGUE

THE MARK OF RELIABILITY
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new miniature

electric brakes

72A

and clutches

Give you direct automation actuation of
business machines and computers

Take advantage of direct automatic actuation for pre-
cision electronic computer, low-torque instrument and
business machine drives!

Warner’s miniature RF-80 electric brakes and SF-80
clutches use simple control circuitry for instant actua-
tion, automatic indexing, smooth inching and jogging,
rapid cycling, accurate synchronization, and positive
engagement of torque loads up to 1.5 1b-in.

Electromagnetic principle permits stepless terque
modulation, automatic operation, and remote actuation
from various standard controls. D-c voltage is adjusted
easily for cushioned or abrupt couples or stops.

Compact design (approximately 1” dia. x %" length)
provides high torque per inch while controlling complex
mechanical movements in limited space. Two-piece float-
ingarmatureavoids complex alignmentsdurin gassembly.

Operate instantly in any position of rotation . . . no
notches, teeth, or lugs to match up. Used for accurate
indexing or linear positioning without positive stops.

See the speed, adjustability, and control-ability of
Warner miniature electric brakes and clutches on your
own desk top! Write to Department C today for full
details on these miniature electric brakes and clutches
—or ask us to arrange to have your nearest Warner
representative give you a desk-top demonstration of
these unique miniature controls.

originators of electric motion control
Warner Electric Brake & Clutch Co.

WARﬁéR Beloit, Wisconsin

ELECTRIC

N

— —

Complete line—from 1.5 ib.-in. to 700 Ib.-ft.

m - {‘

& me reopie

(Continued from page 70A4)

ment of components and subsystems for
missile guidance.

Before joining Lockheed IZlectronics,
he served as an electrical engineer at
Chatham Electronics in Livingston, where
he was involved in testing components
and systems.

He is a native of Rahway, N. J., holds
the B.S. and M.S. degrees in electrical
engineering from Newark College of Engi-
neering, Newark, N. J. e served as an
aertal engineer in the Air Force during
World War II and was assigned to troop
carrier duty in the China-Burma-India
theater.

Mr. Basarab is a member of the Alumni
Association of Newark College of Engi-
neering.

o,
<

Gerald M. Clarke (M’59), has been
appointed Assistant to the Product Man-
ager of the Amplifier Division of Mag-
netico, Inc., L. 1.,
N. Y.

A graduate of
Manbhattan College,
New York, N. Y,
| he was a former

Product Engineer
| at the Sperry Gyro-
scope  Company,
Great Neck, N. Y.

He will concen-
trate on Magneti-
co's advanced de- G. M. CLARKE
sign of solid state
devices for precise system control, par-
ticularly in the transistorized servo am-
plifier area.

s

Paul C. Constant, Jr. (M’48-SM 51),
| has been promoted to Ilead of the Sys-
tems Engineering Section, Midwest Re-
search Institute,
| Kansas City, Mo.
according to a re-
' cent announcement.
I1le has been on
| the MRI staff since
1948 and has been
| a Senior Engineer
since 1958. He re-
ceived the B.E.E.
degree in 1943 from
the University of
Minnesota, Minne- P.C.CONSTANT, JR.
apolis, and in addi-
tion to graduate studies there, he received
the M.A. degree in 1956 from the Uni-
versity of Kansas City. He also is an in-
structor in mathematics at the latter
school.

From 1943 to 1946, he was a communi-
cations officer in the Army. He was an
assistant instructor at the University of
Minnesota from 1946-1947, and a filter
design engineer, Railway Radio Telephone
Telegraph Co., Kansas City, from 1947-
1948.

Mr. Constant is the author of nine
recent technical articles. IHe has served as

(Continned on page 76A4)
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WAVEGUIDE
COMPONENTS
AND TEST
EQUIPMENT

oS

AVAILABLLE NOW!

Detailed specifications, application notes, photographs, and outline draw-
ings on more than 75C Waveguide Components and Devices. Request
your copy of this new 116 page catalog on your company letterhead today.

MICROWAVE ASSOCIATES, INC.
COMPONENT DIVISION

Burlington, Mass. + BRowning 2-3000 « Western Union FAX
TWX Burlington Mass. 942
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Pioneering in Space Research...

The Jet Propulsion Laboratory has been assigned
responsibility for the Nation’s program of
unmanned lunar, planetary, and interplanetary
exploration. The objectives of this program are

to contribute to mankind’s fundamental knowledge
of space and the space environment and to
contribute to the development of the technology

of space exploration. For the next ten years, as
larger booster vehicles become available, spacecraft
with ever-increasing scientific instrument

payloads will be developed.

The Jet Propulsion Laboratory will conduct the

WANGER : missions, utilizing these spacecraft to orbit and land
SPACECRAFT on the moon, to probe interplanetary space, and to
ANTENNA orbit and land on the near and far planets.

PATTERN
TEST AT JPL

v

m CALIFORNIA INSTITUTE OF TECHNOLOGY
JET PROPULSION LABORATORY
A Research Facility operated for the National Aeronautics and Space Administration
PASADENA, CALIFORNIA
Employment opporfcnities for Engineers and Scientists interested in basic and applied research in these fields
COMMUNICATIONS » INSTRUMENTATION « INFRARED « ASTROPHYSICS « GEOPHYSICS
GEOCHEMISTRY « ASTRONOMY « PROPULSION « MASER « STRUCTURES « PHYSICS

Send professional resume, with full qualifications and experience, for our immediate consideration
P q p y
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look into Panoramic’s new SPA-4a

exclusive features for more reliable
spectrum anal
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il 8 1. ONE TUNING HEAD — 10 mc to 44,000 mc,
SPECIFICATIONS utilizing 3 stabilized, fow hum local oscillators
for accurate

(1 HF triode and 2 kiystrons). Fundamentals to 11
lata

kmc. Direct reading with £ 1% accuracy.

2, TWO INDEPENDENT FREQUENCY DISPERSION RANGES:
Continuously adjustable; 0:70 mc with exceptional

Important as these advantages are, there are many more. <

flatness, stable 0-5 mc for narrow band analysis.
Both swept local oscillators operate on fundamentals
only for spurious-free analysis.

3. PUSH-BUTTON FREQUENCY RANGE SELECTOR.

4. ADJUSTABLE IF BANDWIDTH 1 KC to 80 KC.

5. 3 CALIBRATED AMPLITUDE SCALES - 40 db log,

20 db tin, 10 db power.

6, SYNCHROSCOPE OUTPUT WITH 40 DB GAIN.

7. ACCURATE MEASUREMENT OF SMALL FREQUENCY
DIFFERENCES: Self-contained marker oscillator,
modulated by a calibrated external generator, provides
accurate differential marker pips as close as 10 ke.

Easy to use, too...human
engineered for simple operation,
component accessibility.
The advanced new SPA.4a is
unmatched for visually analyzing
FM, AM and pulsed cignal systems ™
—instabilities of oscillators
—noise spectra—for detection of r ml
parasitics—studies of harmonic
outputs, radar systems and other
signal sources. RADIO PRODUCTS, iINC,
Write, wire, phone today for detailed
SPA-4a specification bulletin
and new Catalog Digest.

PANORAMIC RADIO PRODUCTS, INC.

o 7 522 South Fulton Avenue, Mount Vernon, N. Y. * Phone: OWens 9-4600
(= he pi is th TWX: MT-V-NY-5229 ¢ Cables: Panoramic, Mount Vernon, N. Y. State
Sec. 2900 w the pioneer is the leader



Most Adaptable and Effective

For COMPUTERS, DATA PROCESSING,

AUTOMATION, INSTRUMENTATION
and MINIATURIZATION

DATALITES

FOR USE AS SINGLE INDICATOR LIGHTS, OR GROUPED AS A
DATA STRIP®or DATA MATRIX®

DATALITES by DIALCO are ultra-miniature Indicator Lights, made
in 2 basic styles: Lampholders with DIALCO'S own replaceable
Lamp Cartridges; or integrated DATALITES with Built-in Neon
Lamps* ...Mount in 34" clearance hole...LAMPS USED:
T-1% Incandescent; also Neon NE-2E or NE-2H.

Q,_ ) ' Lamp Cartridges 1—4 Lamp-
IL{T) holder
?J

Approx. 1/2
actual size

DATA STRIP No. Dsv-7538-10
Vertical . . . complete with ten

No. 39-28-1475 Lamp Cartridges.
Other configurations to order.

Shown actual size, left to right:

Lamp Cartridges—Nos. 39-6-1471,
38-1531, 38-931 . .. Lampholder No.
7538. .. Datalite No. 249-7841-931
with built-in Neon Lamp and resistor. *

<
Write for Brochure L-1608. H™H
Foremost Manufacturer of Pilot Lights

DIALIGHT

“The Eyes of 87 CORPORATION
Your Equipment 60 STEWART AVENUE, BROOKLYN 37, N.Y. o HYacinth 7-7600

>

NEW IDEA

visit the

IRE SHOW

March 20-23, 1961 New York
Coliseum and Waldorf-Astoria Hotel

Members $1.00, Non-members $3.00 Age limit—over 18
FVVVVVVVVVVVVVVVVVEYN

@ IRE People &

(Continued from page 724)

chairman of the Kansas City Section,
1957-1958; as chairman of the Mid-
America Electronics Conference, 1959; and
as a member of the National Committee on
Electronic Computers since 1959. He is a
registered professional engineer in Missouri
and Kansas, and he also belongs to the
Missouri Society of Professional Engineers,
the National Society of Professional Engi-
neers, Society of Industrial and Applied
Mathematics, Kansas City Applied Mathe-
matical Society, and the Central Simula-
tion Council.

o

Murray G. Crosby (A'25-M'38-SM'43-
F’43), president of Crosby-Teletronics
Corporation, and a leading authority in
the communications
field, has been ap-
pointed to the gov-
ernment’s  Patent
Advisory Commit-
tee, it was an-
nounced in \Wash-
ington by Secretary
of Commerce F. H.
Mueller.

Members of the
committee, who ad-
vise the Secretary M. G. Crossy
on measures affect-
ing the operation of the United States
patent system, include represcutatives of
the legal profession, and leading figures
from industry and science.

Mr. Crosby holds more than 180 pat-
ents in the field of communications and his
system  for transmitting stereophonic
broadcasts by FNM stations is presently
under consideration by the Federal Com-
munications Commission for permanent
broadcast licensing.

o
D

Roger M. Daugherty (A\'42-M"45~
SNM'48), has been appointed general man-
ager of the new Farmingdale, N. J., plant
of Reeves Instru-
ment Corporation.

Before joining
Reeves, he had been
vice president of
engineering of The
Hammarlund Man-
ufacturing  Com-
pany, Inc, vice
president and gen-
eral manager of the
Boonton Molding
Company,andexec- R. M. DAuGHERTY
utive vice president
and general manager of J. H. Bunnell and
Company.

Mr. Daugherty is a member of the
Professional Groups on Engineering Man-
agement and on Vehicular Communica-
tion.

0,
o

Leon D. Findley (M’57), has joined the
Remington Rand Univac Military De-
partment, St. Paul, Minn., as staff con-

(Continued on page 79A)
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For the Ultimate in Versatility ...
the Tektronix Type 555 DUAL-BEAM

The Type 555 writes with two independent
electron beams. Each beam is controlled by
its own separate horizontal and vertical
leflection systems. Each vertical channel accepts all
Tektronix Type A to 7Z Plug-In Units.

HORIZONTAL DEFLECTION — Either of the two time-base
generators in the Type 555 can deflect either beam for
single displays and for dual displays on different time
bases, and either can deflect both beams for a dual dis
play on the same time base. Time-base units arc the
plug-in type to facilitate instrument maintenance.

SWEEP DELAY — With one time-base generator function-
ing as a delay generator, the start of any sweep gen-
erated by the other can be held off for a selected time
interval with a high degree of accuracy. Both the orig-
inal display and the delayed display can be observed at
the same time. The “triggered” feature can be used tc
obtain a jitter-free delayed display of signals with
inherent jitter.

VERTICAL DEFLECTION — The availability of fifteen dif-
ferent plug-in units in the Tektronix Type A to Z Series
provides for special and unique applications such as
dual-beam pulse-sampling, transistor risetime test
ing, semiconductor diode-recovery-time measurements,
strain gage and other transducer measurements, and
differential comparator measurements as well as all
general laboratory applications. In addition, three-
channel or four-channel displays are available through
use of the time-sharing characteristics of Tektronix
Type C-A Dual-Trace Units in one or botk channels.

Your Tektronix Field Engineer will be happy to arrange
a demonstration in your application. Call him for comn-
plete details.

TEKTRONIX FIELD OFFICES: Albu e, N. Mex, o + Balt more (Taws «B
Den 0. » Nich) s 5 .
Wf., o t 2 « Minne . K
S ‘ I

TEKTRONIX ENGINEERING REPRESENTATIVES: |

In Europe please write Tektronix Inc

. Peterstiurg, Fla. + Syra
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CHARACTERISTICS

Independent Electron Beams

deflection of both beom
Fast-Rise Main Vertical Amplifiers
ds—d 30 m
K Units
Risetimes—12 nonoseconds with
All Tektronix P P eomplil et

2rsotihit

Wide-Range Time-Base Generators
Either time-bose generotor con be
becms

v

colibroted sweep rotes ta 0.02
usec/cm

Sweep Delay — Two Modes of
Operation
Triggered—Deloyed sweep storted
ofter the deloy period by the
signai under observotion,

storted ot the end of the deloy
pericd by the delsyed trigge
Deloy Ronge—0.5 usec to 50 sec

between steps.
High Writing Rate
0-KV occeleroti potential pro
vides bright traces ot low repet
'] IE cne
cotion
Separate Power Supply
All dc voltoges electror
vloted

PRICE, Type 555 without plug-ir
precmplhitiers ... .. $2600
. T nit. Power

Supply Unit, 2 Time-Bosz Units

Type SO0A Scope-Mobile {os shown

with Type 555) -$100

Type 500/53 Scope-Mobile (with

supporting crodles for plug-in

preomplitiers) ... ..., $110
Prices f.0.b. foctory

Tektronix, Inc.

P. O. Box 500 °+ Beaverton, Oregon
Phone Mitchell 4.0161 « TWX—BEAY 311 ¢+ Cable: TEKTRONIX

Clevetland, Ohio « Dallas, Texas « Dayt
« Los Angeles Area (Ea Anje

ale, Va)

. Victoria Ave., St, Sampsons, Guernsey C.l., for the address of the Tektronix Representative «n your country
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One of a series,

Why we eliminated
the earth’s magnetic field...almost

In an isolated laboratory in southwestern Ohio, GM Research
scientists have reduced the earth’s magnetic field to one
ten-thousandth of its usual strength. This is about as weak as
the interplanetary ficld detected by the Pioncer V solar satellite,

W hy neutralize the carth’s field? To perform with precision

one of the more fundameutal experiments in magnetism

— measuring the Einstein-DeHaas effect. The measurement

is simple in concept, experimentally difficult because of the

tiny forces involved. It is made by suspending a ferromagnetic
rod in a nearly field-free environment . . . magnetizing

the rod . . . then measuring the effeet (how much the rod

rotates) when this known magnetization is reversed.

The beauty of the experiment is that the resulting values
can be related direetly to the motions of eleetrons in the

rod. The values indicate the large portion of magnetization due
to the spin of clectrons . . . and the slight, but theoretically

important, remaining portion due to orbital motion of cleetrons,

These measured values are hielping seientists form a hetter
understanding of the perplexing phenomenon — ferro-
magnetism. Currently heing pursued in eooperation with the
Charles F. Kettering Foundation, this long-standing project

is one of the ventures in basic rescarch of the

General Motors Rescarch Laboratories.

General Motors Research Laboratories

Warren, Michigan

Gyromagnoetic Ratios Comparison of (a) gyromagnetic ratios
Iron a 1.02 b 1.90 measured in tl'xe new Kettering Mugne[lc&
Laboratory with (b) corresponding

gﬁlnf” 1.85 1.83 ferromagnetic resonance measurements.
) i 1.83 These ratios would equal 2 if magnetiza-
Supermalloy 1.91 1.91 tion were due only to electron spin, or 1

if due only to orbital electron motion.

k System of 1lelmholtz coils used to neutralize earth’s magnetic field,
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sultant to the man-
ager of the NTDS
(Naval Tactical
Data System) de-
partment.

He was former-
ly head of the sys-
tems engineering
section at the Mid-
west Research [n-
stitute, Kansas City,
Mo. From 1948-50, L. D. FINDLEY

Servo 100%

he was employed by _— e — —
Engineering . Re. SERVO ACCURACY - SINE INPUT DYNAMIC SCRVO RESPONSE
search Associates, St. Paul, Minn., as a R R 10V P-P INPUT
development engineer, and later as a ‘
project engineer.

Mr. Findley holds the B.S. and M.S.
degrees in electrical engineering from
Kansas State University, Manhattan,
Kans.

°,
g

Estill I. Green (A'27-M’'36-SM'43-
F’55), executive vice president of Bell Tele-
phone Laboratories, retired on November
30, 1960, after a
distingnished career
of 39 years with the
Bell System.

He has won na-
tionwide profes-
sional  recognition
not ouly for his
engineering achieve-
ments, but also for
his contributions in
the field of engi-
neering  manage- E. I. GreEN
ment and adminis-
tration. He has been granted more than 70 PROBLEM
patents for his inventions and is the author
of many authoritative articles on scientific
subjects and on the management and eval-
uation of technical personnel.

He began his telephone career in 1921
with the American Telephone and Tele-
graph Company’s development and re-
search department. There he engaged in SOLUTION
transmission studies and the planning of
new transmission developments, especially
the carrier telephone and telegraph systems
which were just then getting started. He
took a leading part in the planning of the
coaxial system, which now provides a
major part of the Bell System long distance
telephone and television network. He also
made important contributions to the stand-
ardization of carrier system frequency
allocations which through the years af-
forded much economy in development and
manufacturing effort.

After the merger of the A.”T. and T.’s
development and research department with
Bell Telephone Laboratories in 1934, he
continued his transmission planning ac-
tivities at the Laboratories.

As the U. S. moved into World War I,
he took over broad responsibilities for the
development of apparatus, mostly in the
microwave rang:, for the testing of radar

SIX~-GANG POT  MODEL 205

(Contmucd on page 80A4)
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New from

ADDISON-WESLEY

LINEAR GRAPHS AND
ELECTRICAL NETWORKS
By S. SESHU,

Syracuse University,

and M. B. REED,
Michigan State University

Provides, for clectrical engineers,
an introduction to the theory of
linear graphs. and demonstrates the
power of these methods in solving
network problems. The first five
chapters treat the basic theory of
graphs, insofar as this is related to
engineering applications. The rele-
vant coneepts are discussed in great
detail, and considerable space is
devoted to the matrices of a graph.

The concluding five chapters, con-
stituting almost two-thirds of the
book, are concerned with applica-
tions to electric network theory,
switching theory, and other applica-
tions such as signal flow graphs.

Just published—810.60

BOOLEAN ALGEBRA AND
ITS APPLICATIONS

By J. E. WHITESITT,
Montana State College

An introductory treatment of Boo-
lean algebra, designed for the
reader with a limited formal mathe-
matical background. Boolean alge-
bra itself is the central topie, with
important applications given to
algebra of sets, svmbolic logic, and
circuits (including switching, relay,
and computer circuits).

A singie notation is used through-
out the book, that commonly em-
ployed in treatises on logical de-
sign of circuits; this emphasizes the
similarities betwecen sets, logic, and
circuit problems. A text for univer-
sity conrses, or a reference for en-
gincers eoncerned with computer
design, control systems, or elec-
tronie circuitry,

Just published—86.76

SEND FOR COPIES ON 10-DAY
EXAMINATION

ADDISON-WESLEY
PUBLISHING COMPANY, INC.

Reading, Massachusetts
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systems. Under his general direction, some
250 designs of radar test gear were de-
veloped, representing about half of the
designs required for the entire U, S, war
effort.

Following the war, he returned to
transmisston work for the Bell System and
served successively as assistant director
of transmission development and as direc-
tor of transmission apparatus develop-
ment. In the latter post, he was responsi-
ble for the development of a wide variety
of svstem components and parts, including
tiniaturized electronic components com-
patible in size and performance with the
newly-invented transistor.

In 1953, he was appointed director of
military communications systems, with
broad responsibilities for both planning
and development work in that area. He be-
came vice president—systems engineering
in 1955 and for the next three and a half
years headed that part of the Laboratories
organization engaged in the systematic
analysis aud planning for future develop-
ments.

Mr. Green assumed the post of execu-
tive vice president in January, 1959,

A native of St. Louis, Mo., Mr. Green
attended grammar and high schools in that
citv. He received the A.B. degree from

Engineers who know

—SPECIFY .

A-27
SUPERFINE

LOW-LOSS RF LACQUER

* Q-Max, an extremely low loss dielectric im
pregnating and coating composition, is for
mulated specifically for application to VHF and
UHF components. It penetrates deeply, seals
out moisture, provides a surface finish, im
parts rigidity and promotes stability of the
electrical constants of high frequency circuits
Its effect upon the "'Q" of RF windings 1s prac
tically negligible

* Q-Max applies easily by dipping or brush
INg, dnies quickly, adhere
temperature requirements

try's standard RF lac

know specify Q-Max! Write for nev

ineers
catalog

; 7
&) N MARLBORO
NEW JERSEY
c Telephone
\ ; HOpkins 2-1880
v

Westminster College, Fulton, Mo., in
1915. After a vear of graduate study in
mathematics, English and languages at the
University of Chicago, Chicago, 111, he re-
turned to Westminster College as professor
of Greek. Simultaneously he taught a
course in Greek at William Woods College,
also in Fulton.

In May, 1917, he enrolled in an.officer’s
training course at Fort Riley, Kans., and
was commissioned as Second Lieutenant.
He served overseas with the 89th Divi-
sion and took part in the St. Mihiel Drive
and the Meuse-Argonne Offensive. I'le was
commissioned a Captain in October, 1918
and saw six months of occupation duty in
Germany following the armistice.

After his discharge in 1919, he entered
Harvard Engineering School, Cambridge,
Mass. and was graduated with the B.S. in
E.E. degree (summa cum laude) in 1921.
He joined the AT. & T. Company im-
mediately after graduation.

Mr. Green is a Fellow and Director of
the American lustitute of Electrical Engi-
neers and a Fellow of the Acoustical So-
ciety of America, and the \merican Asso-
ciation for the Advancement of Science. He
has served as a member or chairman of
many AIEE and IRE committees, He is
also a member of the American Physical
Society, the Operations Research Society
of America, the Harvard Engineering So-
ciety, the Newcomen Society in North
America, and the Research and Develop-
ment Planning Council of the American
Management Association, For a number of
years he was a member of the Engineering
Foundation Board.

He has been active on Department of
Defense committees, including Technical
Advisory Panel on Electronics, Ad Hoc
Committee on Mlilitary Electronics Re-
search, and Advisory Group on Electronic
Parts.

From 1946 to 1958, he was chairman
of a subcommittee of the .\merican Stand-
ards Association which produced a new
glossary comprising definitions of about
1780 technical terms used in communica-
tions.

In 1956, he was awarded the honorary
Doctor of Science degree by Westminster
College, and delivered the commencement
address on “Science and Liberal Educa-
tion.”

He is a director of the United-Carr
Fastener Corporation of Cambridge, Mass.

Mr. Green is presently engaged in con-
sultation on engineering management, as
well as other professional activities.

°

s

Charles P. Ginsburg (\'48-M’'55-
SM’59), of Ampex Corporation, who led
the development of the Videotape tele-
vision recorder, has received the coveted
“Valdemar Poulsen Gold Medal” from the
Danish Academy of Technical Sciences, it
was recently announced.

He is the first native-born American
to receive the award, which has been given
only six times since its inception in 1939,
The Gold Medal was presented to Mr.
Ginsburg by Carl Schroder of Copenhagen,
vice president of the Danish Academy of
Technical Sciences, in special ceremonies

(Continned on page 854)
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this is the
actual size of the

NEW, COMPACT,
PROGRAMMABLE,
HALF-RACK,
“REGATRAN
POWER
SUPPLIES...

with continvously variable
current limiter...

These new Regatrans are sparing only of

space . .. delivering super-regulated, virtually
ripple-free d-c power with the instant start-up
and very high reliability of solid-state circuitry
... and offering a group of features

hitherto unprecedented in d-c power supplies

of this size.

"]

REGULATION, LINE OR LOAD, 0.1% OR 0.01 V

e

MopeL ouTPUT o
MBER

volrs AMPS RIEPE

TR212A 0-100 0-100 MA 250 v

TRO18-1 0-18 0-1 AMP 150 uv

TRO36-0.2 036 0200 MA 150 uv

For a closer look, ask your local Electronic
Measurements representative for a copy
of Specification Sheet 5000, . . or write direct.

=3 ELECTRONIC
&

MEASUREMENTS

®Reg. U.S. Pat. Off. Patents issued and Pending.
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For hyper-critical applications, CDE has patented an exclusive cleaning process that eliminates corrosion in
electrolytic capacitors to a greater degree than ever before possible. By utilizing only the highest purity
aluminum foil, by carefully etching and forming in our own plants, by rigid screening of all contaminants, CDE
can deliver computer type electrolytics of a higher degree of reliability, lower current leakage, and longer

CAPACITORS. TANTALUM, MICA, CERAMIC, ELECTROLYTIC, PAPER, OIL, MYLAR, METALLIZED, ENERGY STORAGE AND POWER FACTOR CORRECTION




L

for a new look at 'cowjzj);:ifer ty élé;‘t;F-olj)tics

service performance than hitherto possible. And that's just part of the big story: today, as an integral part of
fast growing Federal Pacific Electric Company, CDE offers mcre than ever before in plant and personnel
resources, in depth of “know how" throughout every phase of electric and electronic design, in a vigorous spirit
of progress that welcomes your inquiry. Cornell-Dubilier Electronics Division, 50 Paris Street, Newark, N. J.

CORNELL-DUBILIER ELECTRONICS DIV C D}é FEDERAL PACIF!C ELECTRIC COMPANY

growth through crective energy

e FILTERS e DELAY LINES e PULSE NETWORKS o SEMICONDUCTORS e VIBRATORS

» POWER SUPPLIES e RELAYS e ANTENNA ROTORS
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DOODLEBUGS AND BOMBS

As far as the earth is concerned, one explosion is much like
another. Geophysical oil-exploration “shots” and bomb blasts
both involve common seismic shock detection and assessment
techniques. Since 1951 more Dresser Electronics’ “doodle-
bugging” instruments have been in use around the world than
all competitive equipment combined.

For the Department of Interior Dresser Electronics is now
proud to supply seismic refraction amplifier systems for
the Major Crustal Studies Program.

Dresser Electronics systems engineering is also at

work in airborne telemetry . . . civil defense . . .

process control . . . anti-submarine warfare . . .
mobile hospitals—projects throughout
military, industrial and defense areas.

The unique approach of this systems-oriented

ALL RESUMES WILL BE CONSIDERED CONFIDENTIAL Company ’nay SOlve your problem.

DRESSER ELECTRONICS
©1VISION [ ONE OF THE DRESSER INDUSTRIES

10201 Westheimer, Houston 42, Texas
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on November 23, 1960, in San Francisco,
Calif.

le was cited by the academy for his
“guiding spirit and principal participation
in the development of the ‘video tape’ re-
corder by Nmpex Corporation an out-
standing achievement . . which is well
known to magnetic recording and tele-
vision engineers all over the world.” The
academy, which administers the “Valde-
mar Poulsen Gold Medal Foundation,”
noted that its decision is supported by the
IRE and the Society of Motion Picture
and Television Engineers,

Mr. Ginsburg received the Gold Medal,
officially, November 23, the birthday of
Valdemar Poulsen, discoverer of magnetic
recording.

The Valdemar DPoulsen Gold Medal
Award was esablished in Denmark in
19039 10 be awarded ecach vear on the
birthday of Valdemar Poulsen to a radio
engineer or scientist in recognition of im-
portant contributions to the development
ot the science or art of radio communica-
tions or magnetic registration. Winners of
the renowned science meddal are selected
on the basis of recommendations from
competent institutions in Denmark and
abroad.

The first Gold Medal was presented to
Valdemar Poulsen, himsell, on the oceasion
of his 70th birthdav, November 23, 1039,
Since that time, the academy points out,
it has not been possible to award the
medal each vear as planned, due to the
war and related circumstances.

Mr. Ginsburg joined Amipex in 1052,
after serving in various engineering capaci-
ties with professional sound services and
radio stations in the San Francisco Bay
\rea. He was graduated in 1948 from San
Jose State College, San Jose, Calif.. with
the B.\. degree in mathematics. He was
named a vice president of Ampex Cor-
poration in 1960, and serves as Manager of
\dvanced Video Development.

In 1957, he was awarded the David
Sarnolt Gold Medal by the Society of
Motion Picture and ‘Television ngineers.
That same vear, he also reccived an
Academy of Felevision \rts and Sciences
“FEmmy” awarded \mpex for outstanding
techaical achievement. In 1938, he received
the Viadimir K. Zworvkin Television
Prize, awarded by the IRE.

Curtis R. Hammond (.\\'47-)1"55) has
been appointed Commerical \ice Presi-
dent-Market Development for Ravtheon
Company, it was recentlv announced.

lHe has been director of commercial
sales development and will continue to
work with the firm’s manufacturing divi-
sions in maintaining liaison with execu-
tives in customer and prospect companies
and coordinating joint divisional sales ac-
tivities.

He was named director of regional com-
mercial administration in 1958 and super

(Continued on page 86A4)
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A TRAVELING
with 10 KMC}

. . . another “first”,

BANDWIDTH

1= - H

[T < smaLt- sionaL can-oB
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1
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[ FREQ = KMC

HUGGINS introduces
the NEW HA-82

Available for delivery now is this Traveling
Wave Tube which includes such features
as an extremely wide frequency range . . .
10 to 20 KMC, with a minimum of 25 db
small-signal gain and 1 MW saturation
power output.

The HA-82 finds use in reconnaissance
systems, Doppler simulator systems, as a
driver for higher power tubes, etc.—many
areas which previously required two or
more tubes. This space, weight, and cost
reduction, coupled with improved system
reliability lend the HA-82 to airborne as
well as fixed base applications.

Other commercially available “firsts” from
Huggins include:

® First forward wave amplifier in 1952
® First backward wave oscillator in 1954

® First PPM focused traveling wave tube in
1956

@ First electrostatically focused TWT in 1958

N
& menufacture
development
enqineering

design
research

ABORY

UGGINS

LABORATORIES, INC.

(%]
&

"SavT SNIDDNN

#53 Pivaswe

N

999 East Arques Avenue - Sunnyvale, California
REgent 6-9330

nue, Sunnyvale, California, REgent 6-9330

Openings exist in our expanding R&D program for
Traveling Wave Tube and Microwave Vacuum Tube
<0 Engineers. Contact R.A. Huggins, 999 East Arques Ave-



Give your Products
MORE RELIABILITY and
BETTER PERFORMANCE with

in stock for immediate delivery

TOROIDAL INDUCTORS

® MIL Grade 4 — Metal Case

MIL Grade 5 — Molded

Uncased Units

Highest Q

Highest self resonant freq.

Low temperature coefficient

No hum pickup-astatic construction
Can be supplied with center taps

FREQUENCY RANGE: 500CP TO I5KC

Max Q Inductonce Rang

290 1MH to

255 1MH to

250 1MH to

210 SMH to

195 5MH to

130 5MH to

| 72 1MH to
FREQUENCY RANGE: 10KC TO 50KC
»_ 303 ~ 1MH 1o
| 285 1MH to

279 T 1MH to

200 .500MH to

110 .JOOMH to

FREQUENCY RANGE: 30KC TO 200KC

115 ;
140 I MH
185 1MH to
T1-9 175 1MH to
Ti-19 100 IMH 10
- 260 1MH to
30 10MH to

HIGH FREQUENCY
TOROIDAL INDUCTORS

FREQUENCY RANGE: 20KC TO 10MC

205 .010MH to
250 .010MH to
T1-23 210 .010MH to .

305 LO50MH to

Ruggedized,

MIL STANDARD
AUDIO TRANSFORMERS

[Cat. No [ tmped- levei—ohmy Appl. | MiL Std[ MIL Type
MGA 1| Pri, 10,000 C.T. |interstage| 90000 |TFARXISAJ001|
Sec. 90,000 ’
split & C.T. |
MGA 2| Pri. 600 Split Motching 90001 |TFARX16AJ002
Sec. 4, 8, 16
MGA 3| Pri. 600 Split | Input 90002 |TF4RX10AJ001 |
Sec. 135,000 C.1. l
Pri. 600 St |Matching | 90003 |TFARX16AJ001 |
Sec. 00 Split [
mGA 5P 7.600 Tap  [Gutput 90004 |TF4RX13AJ001
4,
Sec. 600 Split
Pri. 7,600 Top  |Gutput 90005 [TFARX13AJ002
@ 4,900
Sec. 4. 8, 16
K mGA 7| Pr. 15,000 C.T. [Output 90006 [TFARX13A 003
Sec. 600 Sphit ‘
MGA 8| Pri. 24,000 C.T. |Gutput | 90007 mnnunﬂ
i Sec. 00 Split
MGA 9| Pri. 60,000 C.T. |Gutpu! 90000 "‘.Xl]‘m51
Sec. 600 Split

WRITE Foll}

Send for NEW 48 page transformer catalog. "Atso ask tor
complete laboratory test instrument catalog.

FURTHER INFORMATION ON THESE
NITS OR SPECIAL DESIGNS

FREED TRANSFORMER CO., INC.

1720 Weirfield St., Brocklyn (Ridgewood) 27, N. Y.
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vised the company’s marketing centers
across the nation until May, 1960, when
he was named director of commercial sales
development.

A well-known figure in the industry, he
was cducated as an electrical engineer at
the University of Kentucky, Lexington.
He worked with Ken-Rad Tube and Lamp
Co., and the General Electric Company
from 1933 to 1945 tn production and sales
engincering capacities. He joined Ray-
theon's Reeceiving Tube Division in 10435,
From 1930 to 1938 he served as general
sales manager for receiving tubes, indus-
trial tubes, cathode ray tubes, and semi-
conductor products.

An amateur radio operator since 1931,
Mr. Hammond is an active broadcaster
under the call sign K1}TC.

.
X3

General Instrument Corporation has
announced the appointment of John L.
Herrz (M’37) as Government Sales Man-
aver of its Semiconductor Division. He will
direct the sale of General Instrument’s
semiconductor  products—transistors,  di-
odes and rectiliers—to government agen-
cies, and will be responsible for sales of re-
search, development and industrial pre-
paredness programs for the Semiconductor
Division.

Prior to joining General Instrument

SWITCHCRAFT’S

Precision

Corporation, be was Sales Manager,
Government and Special Acconnts, for the
Semiconductor Division of the Raytheon
Company for two years. Previously, he had
been a techuical representative to the
United States Armed Forces and Manager
of Government Sales and eastern indus-
trial sales activities for IPhilco Corporation.

During World War 11, he served in
various  technical capacities  with  the
United States Air Force. e is a member of
the Professional Group on Electron De-
vices, and the Armed Forces Communica-
tions and Electronics Association.

Mr. Heere was educated at the Uni-
versity of Penusylvania, and University of
Chicago, Chicago, 111

.
o

The appointment of Edmunde Gon-
zatez-Correa (M'33) to the newly-created
position of manager, microwave depart-
ment, Special Prod-
ucts  Operations,
Lansdale Division,
I’hilco Corporittion,
was recently  an-
nounced.

In his new posi-
tion, he assumes
over-all responsibil-
ity for activities in
microwave device
and circuit develop-
ment, engineering,
production, testing,
and materials development.

He joins the Lansdale Division follow-

12.GoxzALEZ-CORREA

(Continued on page 88A)

Construction

IS YOUR GUARANTEE OF

Dependabil

SWITCHCRAFT series 16000 “TELEVER-SWITCH”

(Telephane Type Lever or Key Switch)

T-BEAM FRAME—provides rugged assembly.

SINGLE HOLE MOUNTING—in panels up to %’ thick.
STANDARDIZED NON-TURN DEVICE.

POSITIVE STOPS—stop is not a part of mounting plate.
FURNISHED—2 or 3 position actuators either locking, non-

locking or a combination of the two.

See Catalog No, $-58 or write for special Catalog 5-302.

(SR TLVLWAY V)

5545 N. Eiston Ave., Chicago 30, ilf.
Canadian Rep.: Atlas Radio Corp., Ltd.
S0 Wingold Ave., Toronto, Canada

AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS ®
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the strong case for Centricores’

When you’re considering magnetic cores
it pays to get down to cases. The sturdy
aluminum case for Centricores assumes
special importance where impact, vibration,
heat or mechanical pressure could cause
trouble in a control loop you’re designing, or
where you want to miniaturize an inductive
component.

The case is ruggedly rigid, so that you car
apply your circuit windings without danger of dis-
torting the core’s magnetic properties. And the case
is absolutely leakproof. You can vacuum-impregnate
Centricores without danger of their damping oil
leaking out or foreign matter leaking in. The tightly
sealed case also guards against leakagein applications
where high ambient temperatures are present, or
where Centricores are used in rotating equipment.

1\/[AGNE TIC
8

ETALS

Janvary, 1961

Here’s a tip on miniaturization. The rugged
design of the Centricore case permits use of a thinner
gage aluminum that shaves fractions of an inch off
their size—fractions that can add up to precious
inches where you want to scale down component
dimensions. Centricores are the slimmest magnetic
cores on the market.

Centricores are the most uniform. They
give the exact performance you want, from core to
core and lot to lot. Their remarkable consistency in
insulation, dimensions, squareness, thermal stability
and gain is the product of unique quality controls
that begin with the very selection of raw materials
and extend through final testing.

Write for complete data. Centricores are avail-
able from stock from our East and West Coast
plants in all standard sizes and magnetic qualities,
and in both aluminum and phenolic cases. We will
match them within 5 per cent over the entire
voltage-current loop, in sets, units or in multiples
up to twelve. Write for detailed specifications today.

Magnetic Metals Company
Hayes Avenue at 21st Street, Camden 1, N.J.
853 Production Place, Newport Beach, California

transformer laminations - motor laminations - tape-wound cores
powdered molybdenum permalloy cores » electromagnetic shields

87A



Hundreds of standard

JONES

TERMINAL PANELS

Complete equipment for
SPECIALS

Send your
specifications
for prompt
— quotation

illustrate standard ond special

we are constantly producing.

special equipment enables us prompt-
ly to produce practically any panel
required. Send print or description for
prices, without obligation. Hundreds of

standard terminal strips also
Send for Catalog,

drawings and data.

JONES means

Proven QUALITY

Several pages of Jones Catalog No. 22

with engineering

panels
Latest

listed.

HowaRD B. JONES DIVISION

CINCH MANUFACTURING COMPANY
CHICAGO 24, ILLINOIS

DIVISION OF UNITED-CARR FASTENER CORP.

SEND FOR
BULLETIN
221

THE TECHNICAL MATERIEL CORP.

The TMC Model PAL-1K is a
conservatively rated Linear
Power Amplifier delivering
1000 Watts PEP S5B or 1000
Watts CW and FS through-
out the frequency range of
2 to 32 mecs.

The PAL-1K is completely
bandswitched and continu-
ously tunable with all con-
trols on the front panel.
There are no plug-in com-
ponents. The final is Pi-tuned
and incorporates a ceramic
tube for increased efficiency.
ALDC (Automatic Load and

Drive Control) and inverse
feedback are used to im-
prove linearity and sup-

press unwanted transmission
products,

MAMARONECK, NEW YORK
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ing four years of service in the Philco
Research Division, first as manager of
solid state research planning and more
recently as executive coordinator of tech-
nical programs of the Research Division
Staft.

e has been active in the field ol solid
state devices since 19520 As chief of the
Circuit Research Units, Frequeney Con-
trol Branch, U. S, Armyv Signal Corps, he
directed a group which mitiated a study
program at the Fo. Monmonth, No |,
Engincering Laboratories, aimed at the
application of semiconductor devices in
frequency control and switching circuitry.
Subsequently, he was placed in charge of
the section of the Signal Corps Engineer-
ing Laboratories responsible for the de-
vice and application engineering aspects
of that facility’s transistor and diode pro-
gram.

Prior to 1932, he was engaged in a
variety of assignments in education, indus-
try, and overseas government service. \s
acting director of research and develop-
ment for the U. S. Civil Communications
Section in Japan after World War H, he
received a citation for his contributions to
the reorganization of the Laboratories of
the Mintstry of Communications into the
largest modern research and development
center in the Orient.

Mr. Gonzalez received his undergrad-
uate training at the University of Puerto
Rico, Rio Piedras, and holds the M.S.
degree in physics from the University of
Chicago, Chicago, 1lL., and the M.S. de-
gree in clectrical engineering from Rutgers
University, New Brunswick, N. J. tle is
a member of Sigma Ni, and the [RE Solid
State Circuits Committee.

o,
oo

Philip W. Jackson (\'52-M’57) has
been promoted to manager of Fast Coast
laboratories in IBNM’s Advanced Svstems
Development Divi-
sion, it was recently

announced.
Ile has been
with  IBM  sinc

1949, previously
was executive as-
sistant to 1B\ Vice
Presiclent and Group
Executive T. \.
Learson at Corpo-
rate Headquarters
in New York, N. Y.
[ his new posi-
tion, he will manage engineering and
scientific development work at ASDD’s
iZast Coast locations including Yorktown,
Peekskill and Ossining. The division has
responsibility for identifying technical and
commercial feasibility of advanced in-
formation handling computer systems.
Throughout his [BN carcer, he has
held important technical assigniments. e
was previoushy manager of product de-
velopment for ASDD at Poughkeepsie and
prior to that was manager of engineering

P. A\, JACKsON

Continned on puge 91.:4)
i
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Dedicated to better serve the
electronics industry. ..

VIS IOE S

Pars. |
FONAMLORT BSOS

-

W IR

New
RADIO MATERIALS COMPANY
Factory and Research Center

This new factory, office and research center in

Chicago will enable RMC to expand its service to the
growing electronic industry. The modern facility
incorporates extensive manufacturing space to provide the
fastest shipments of RMC DISCAPS with up to the
minute research laboratories where technicians are
engaged in capacitor development and improvement.

The combination of this new facility with RMC’s

modern plant in Attica, Indiana, enables Radio Materials
Company, now, more than ever, to better serve your
ceramic capacitor requirements efficiently and economically.

= =3 B s E : ¥
RADIO MATERIALS COMPANY
A DIVISION OF P, R. MALLORY A CO., INC.

GENERAL OFFICE: 4242 W. Bryn Mawr Ave., Chicage 48, NI,
Twe RMC Plants Daveted Enclusively te Coramic Copacitors

— FACTORIES AY CHICAGO, ILL. AND

DISCAP
CERAMIC
CAPACITORS | |
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PROCESSING INJECTION
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MACHINE : OSCILLATORS i REGULATORS
CONTROL L SUPPLIES
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g
SERVO SOLID STATE ’
ULTRASONICS
SYSTEMS SWITCHING

DELCO RADIO-THE LEADER
IN POWER TRANSISTORS

For top performance in a wide, wide range of applications, specify Delco Radio’s
9N174. @ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power
supplies, and for use with 12-volt power supplies where high reliability is desired despite the presence of
voltage transients. W It has a high maximum emitter current of 15 amperes, a maximum collector diode
rating of 80 volts and a thermal resistance beiow .8°C per watt. The maximum power dissipation at 71°C
mounting base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations.
m The 2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance or the

2N174 or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. D E LCO

Newark, New Jersey Santa Monica, Californla Chlicago, Illinols Detroit, Michigan
1180 Raymond Bivd. 726 Santa Monica Blvd. 5750 West 51st Street 57 Harper Avenue A D I O
Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6580

EVAEILTY
Dlvision of General Motors - Kokomo, Indlana a4 -
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(Continued from page 88A4)

for the Special Engineering Products Divi-
sion, a predecessor of ASDD.

He was also assistant manager of
computer development at the IBM Pough-
keepsie Laboratory. He designed input/
output systems for tape processing ma-
chines and the IBM 702 computer.

Mr. Jackson holds the B.S. degree in
electrical engineering from Duke Univer-
sity, Durham, N. C., and is a member of
the American Institute of Electrical
Engineers.

2,
DA

Leslie C. Jesty (M’S4-SM'55-F'56),
B.Sc, M.LE.E., has been appointed
Manager of Sylvania-Thorn Colour Tele-
vision Laboratories Ltd., London, in suc-
cession to Brian C. Fleming-Williams
(SM’ss), B.Sc., AM.LE.E., who has re-
signed his position with the company.

Mr. Jesty joined the Laboratories in
1957 and has been mainly responsible for
the research and development program on
color television and cathode-ray tubes.

Following recent reorganization, the
work of the Laboratories is now directed
toward serving various long-term interests
of the parent companies, including work
on color television,

2%
<

The appointment of Richard M. John-
son (M’51) to the post of Sales Manager
has been announced by Markite Corpora-
tion, New York,
N. Y., manufac-
turers of conductive
plastic precision po-
tentiometers for use !
in electro-mechani- Q‘ -= ’
cal controls and ”97
instrunientation for %
the industrial, com- V
mercial, aircraft and
military fields. ‘.

IHe has a back-
ground of more than R. M. Jouxsox
22 years of sales
management and developing engineering
experience in the electro-mechanical and
electronic components industry. Prior to
joining Markite, he had been associated
with International Resistance Co., Phila-
delphia, Pa., serving as District Sales
Manager for 8 years and Chief Product
Development Engineer for 4 years previ-
ously. Other firms where he has held design
engineering posts include Brown Instru-
ment Co. and United Specialties Co., both
of Philadelphia.

Mr. Johnson holds the B.S.E.E. de-
gree, Tri-State College, Angola, Ind., and
his memberships include the American
Management Association.

°,
D

Louis H. Kellogg (SM’58) has been
named Director of the Bell Telephone
Laboratories’ White Sands, N. M., in-

(Continued on page 924)
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ENTIRE METER SCALE!

1mv=250v, 20 cps - 20 ke

DBt
©

IALAN INE LASORATORIFS iy

22 years of experience in
designing and producing lab-
oratory-type Electronic Volt-
meters has made possible this
Ballantine Model 300-G.

This is the most precise in-
strument in our entire line of
sensitive wide-band Electronie
Voltmeters,

BALLANTINE Model 300-6
SENSITIVE ELECTRONIC VOLTMETER

@ Top accuracy of 1% over entire meter @ Does not require stabilized ir}pu_t v'olt-
scale from 1 my to 250 v and over the age. less than ¥2% change in indica-
band of 20 cps to 20 kc. Better than tion with power supply change from
2% to 1,000 volts and for the wider 105 v to 125 v.
band of 10 cps to 250 kc. ; backed . ]

YR i . @ Five inch, mirror-backed, easy-to-rea

d sﬂﬁﬂteﬂ}' %;tlémp%e(i:g:pe{ 225 lr’nfeog: ?(:c,s meter. Only two scales with mirror be-

est voltage range.' tween. One is 1 to 10 for volts, and the

econd is 0 to 20 for decibels,
@ Long life: Several thousands of hours s

of operation without servicing or recali- Also available in 19 inch relay rack
bration, Medel 300 G-S2 at $325.

Write for brochure giving many more detajls

{23 BALLANTINE LABORATORIES w.

Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR

AMPLITUDE, FREQUENCY, DR WAVEFORM. WE HAVE A LARGE LINE. WITH ADDITIONS EACH YEAR. ALSO AC-DC AND OC/AC

(NVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES.
ASK ABOUT DUR LABORATORY VOLTAGE STANDARDS TO (.000 MC.
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— the time-tested standard of the resistor industry

Evanohm:

RESISTANCE ALLOY

— for resistors and precision instruments

Wherever exceptional stability over a wide tem-

. L fi T perature range is essential, EVANOHM is the
| i i B2 B accepted standard of performance. This high-
et = reliability resistance alloy provides high specific

resistance, low temperature coefficient, low ther-
‘ s mal EMF to copper. EVANOHM is especially
|

J

W CHANGE IN RESISTANCE

< = recommended for use in resistors, aircraft in-
e ’D ‘10 D struments, for guided missiles, rockets and
301 eNPtATORE B 3 other precision equipment. Available in bare

wire, enamel, formvar, polyurethane, silk,

duction maledat {002 cotton, nylon and glass insulation, Write for
)25 referia 1025 C) complete “electrical and mechanical data and
recommendations on your specific application.

Paccont changs
ol Evanohim, N
and finat) |3

£5 1024°C e 2

wtance of an eyl sample
fuction madesial (002

*Patents 2,293,878-2,638,425 — Tradename Registered

WILBUR B. DRIVER CO. (3
Main Office: NEWARK, N, J. —Tel. HUmboldt 2-5550 /
Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1876 McCarter H'way,

Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. Canadian Wilbur B. Driver Co., Ltd.,
Rexdale (Toronto). Subsidiary: Western Gold and Platinum Co., 525 Harbor Blvd., Belmont, Calif,

(Continued from page 91A4)

stallation. He was
previously  Missile
Systems  Develop-
ment kngineer at
the Whippany,
N. J., location of
Rell Laboratories.
His new appoint-
ment became effec-
tive October 1,
1960. He will be re-
sponsible for con- L. 1. KELLOGG
tinued NIKI-

HERCULLES tests

at White Sands and for the expanding
NIKE-ZEUS test program at White Sands
and at I’t. Mugu, Calil.

He is a native of Madison, Ohio, and
received the Bachelor of Electrical Fngi
necring degree from The Ohio State Uni-
versity, Columbus, in 1939 and completed
a vear of graduate study before eutering
the Armed Services in 1941,

As an officer in the Signal Corps, he was
involved in the development of microwave
radar. During the latter part of World War
[, he was a project otficer for the Armiy
Air Forces Board, Orlando, Fla., concerned
with tactical operation tests of new ground
and airborne radar equipment.

tHe joined Bell Laboratories in 1945 ane
was first engaged in the development ot
missile electronics for the NTIKIT anti-air-
craft guided missile project. lle was ap-
pointed a supervisor in charge of develop-
ment of the missile electronics for NTKl--
AJAX in 1951, Later, his respon ibilities
were increased to include the missile elec-
tronics as well as system engineering for
NIKE-HERCULES. e next added re-

| sponsibility for radar engineering and com-

puter development on NIKE-HERCE-
LLES, including the recently announced
improved NITKE-HERCULLS system.

Mr. Kellogg is a member of the Ameri-
can Rocket Society, Nmerican Ordnance
Association, and “Tau Beta Pi, Lta Kappa
Nu and Sigma Pi Sigma honorary fra-
ternities.

.

George N. Krassner (M’59) has been
appointed product manager for astro-
nautics equipment in the Electronics
Division of Strom-
berg-Carlson, it was
recently announced.
Stromberg -Carlson
is a division of Gen-
eral Dynamics Cor-
poration.

tle comes to
Stromberg - Carlson
from the U.S. Ary
Signal Researchand
Development Lab-
oratory at Fort G, N. KRrRASSNER
Monmouth, N. |.,
where he was chiefl of the satellite
equipment section, Radio Relay Branch,
and later chiefl of the technical staff, Astro-
Electronies Division. He performed much

(Continued on page 102:1)
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AN ACHIEVEMENT IN DEFENSE ELECTRONICS

HIPAR Proves Effective
In Hercules Anti-Missile Test

This new General Electric High Power Acquisition Radar (HIPAR) more
than triples the detection capability of the U. S. Army’s Nike-Hercules
System. Produced for Western Electric, Nike-Hercules System Prime Con-
tractor, this General Electric radar provides high resolution target data
at long range and high altitudes on bomber and fighter aircraft, air-
launched missiles and tactical ballistic missiles. The effectiveness of this
Improved System was demonstrated at the White Sands Missile Range on
June 3, 1960, with the successful intercept and destruction of a Corporal
Missile, and in August and September, 1960, when target Nike-Hercules
Missiles were destroyed by their defending counterparts at altitudes to
almost 100,000 feet and closing speeds near Mach 7. 17606

Progress fs Ovr Most Important Prodlvct
ENERAL (éé‘/ ELECTRIC

HEAVY MILITARY ELECTRONICS DEPARTMENT
DEFENSE ELECTRONICS DIVISION e SYRACUSE, NEW YORK G




NEED HALF & MILLIOHN
ALPHA-NUMERIC * ST
CHARACTERS /SEG?

i B
11 R WA

START

HERE'S PERFORMANCE... |y
FOR HIGH DENSITY DIGITAL | -

MAGNETIC TAPE SYSTEMS

The Potter 906 II gives you the highest performance and reliability at savings up to 1/3
the cost of ordinary tape handlers. Potter has been given complete responsibility for tape
sub-systems in some of the most widely sold computers. Potter’s many years of con-
centrated specialization in tape system designs assures computer manufacturers of perform-
ance and dependability at costs that give them a competitive advantage in today’s market.
Computer users, too, are specifying Potter tape systems for lower rental costs, fewer service
problems, and less down time. The Potter 906 II Tape Handler is being specified by more and
more manufacturers and computer users because of the kind of performance proven by the
clean Start-Stop profiles above and because the 906 II offers such other advantages as:
® Full forward-reverse cycling with 1”7 tape at 120 ips.@Low skew tape guide.®High
density: 450,000 8-bit characters per second canbe recorded onl”tape
by using the 906 II with the Potter Contiguous Double Transition
System. @Transistorized control of all functions. ®Simplified packaging
for easy maintenance. Write for detailed specifications, prices and
delivery information on the 906 II and see proof that you get higher

performance and greater economy from a tape system specialist.

. POTTER INSTRUMENT COMPANY, INC.

Potter 906 1) magnetic tape

ot in e aston— Qunnyside Boulevard, Plainview, 1.I, N.Y. OVerbrook 1-3200
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Newest, Smallest Bourns Trimpot® NUMBER 8- NEW PRODUCTS SERIES
—with the square configuration

1#a {ar comnlote data and etk ~AF of

BOURINS

NC TR MPOT DIVISION
! E ERSIDE

F. AN ES (Dw

Exclusive manufacturers of Trimpot®, Trimit® and E-Z Trim®. Pioneers in transducers for position, pressure and acceleration.
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New ltra-ngh pene.d Ferﬁte Core
For Simplified Memory Plane Construction

Now RCA Offers TWO Memory Cores for | Nomin opersting Type Type
R . . Characteristics At25°C XF4930 400M1 Units
Impulse Switching to 0.2 Microsecond ¢ o curentin s pos —
. . Full Write Current (Irw) 255 280 ma
New RCA memory care XF4930 joins the RCA 400M1 in adding new flex- - -
R . . Impulse Write Current (I, w) 130 180 ma
ibility to memory system design. Specifically developed for operation under —— _
impulse switching conditions in magnetic memory systems, XF4930 switches | Digit Write Current (Ipw) 125 100 e
in 0.25 microsecond and provides excellent discrimination at relatively low Read Pulse Rise Time (t,) 0.1 0.1 psec
driving currents. gull am: .I;Ipu;-s.e Wrtite o1 008
The larger size of the XF4930, provxdmg more than twice the effective _u"e" _ ise Time (t) . . ; } psec
aperture size of the RCA 400M1, permits simpler and more economical fabri- | Digit Write Pulse Rise Time 01 015 | (=L
cation of memory planes Switching Time (t) 0.25 0.2 psec
Systems Engineering Serviee: Your local RCA field representative is pre- Response:
pared to furnish a completely coordinated application service, cavering tran- Undisturbed Read-1" (uVe) 10 e m
sistors and other semiconductor devices, ferrites, and memory systems. Call _"D's'”'b"d 0" (dVz) 15 8 mv
him today. Size .050x.030x.015 | .030x.018x010 inch

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES

EAST: 744 Broad Sireet, Nework, N. J., HUmboldt 5:3900 * 731 Jomus Street, Room 402, Syrocuse
3, New York, GRanite 4-5591 < NORTHEAST: 64 “A"" Sirest, Neadhom Heights 94, Mass., Hilicrest
M H 4-7200 + EAST CENTRAL: 714 New Center Bidg., Detroit 2, Mich., TRinity 55600 + CENTRAL:
The Most Trusted Name in Electronics Suite 1154, Marchandise Mart Plozo, Chicago, IIL., WHiteholl 4.2900 « P.O. Box 8406, St. Lovis
RADIO CORPORATION OF AMERICA Pork Branch, Minneapolis, Minn., FEderal 9-1249 « WEST: 6355 E. Washington Blud., Los Angeles,
Colif., RAymand 3.836) - 1838 Ei Comino Real, Burlingame, Calif,, OXford 7-1620 * SOUTH:
Calmar Building, 1520 Edgewater Drive, Svite |, Orlondo, Flerida, GArden 44768 * SOUTHWEST:
7905 Empire Freewoy, Dullas 7, Texas, Fleetwood 7-8167 + GOV'Ta 224 N, Wilkinson St.,
Dayton, Ohio, BAldwin 62366 * 1725 'K~ Street, N.W., Washington, D.C., FEderul 7-8500.

it
1 I .i:
ulll'll W""l"*"l’ .’
——I
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Walter R. G. Baker

1892-1960

“It s with a sense of profound loss that we record the death on
October 30, 1960 of Walter R. G. Baker, treasurer and past presi-
dent of The Institute of Radio Engincers.

“In the decade and a half that he sat in the high councils of TRL,
hie left in those vibrant and vital vears an indelible mark on the
thoughts and practices of the Institute.

“As o member of the Board of Directors (1946-60). as a member
of the tixecutive Committee (1947-60). as President (1947), as
chairman of the Finance Committee (1948-60). and as Treasurer
(1951-504, he brought to The Institute of Radio Engineers the
firmness so necessary in a period of exponential growth, a foresighi
that anticipared our tremendous development. and the wisdom and
fairness required to govern a multi-faceted organization.

“To him more than any single individual is owed our economic
well being.

“The wise organization of our Prolessional Group system, ex-
pressing so well our unity through diversity, is due in great measure
to his untiring efforts and ardent support.

“Resourceful, imaginative, totally dedicated, W. R. (. Baker will
be remembered long and well in the annals of The Tustitute of
Radio Fagineers.”

The foregoing testvmonial to Dr. Baker was adapted by the IR}
Board of Directors at its wmeeting on November 13, 1960, with the
instruction that it be transmitted to his family and that it be spread
wpon the minutes of the meeting as lasting tribute to a ereat man.




Lloyd V. Berkner (\'26-M’'34-SM'43-F'47) was born

February 1, 1903, in Milwaukee, Wis. He received the
B.S.E.E. degree in 1927 from the University of Minne-
sota, Minneapolis, which in 1952 konored him with the
Distinguished Alumni Award, and from 1933-19335, he
studied physics at the George \Washington University,
Washington, D. C. He holds honorary Doctorate degrees
from Brooklyn Polytechnic Institute, Brooklyn, N. Y.,
Uppsala University in Sweden, University of Calcutta in
India, Dartmouth College, Hanover, N. H., University of
Notre Dame, Notre Dame, Ind., Columbia University,
New York, N. Y., University of Rechester, Rochester,
N. Y., and the University of l2dinburgh in Scotland.

While still an undergraduate. he was engineer-in-
charge at radio station WLB-\WGNMS in Minnesota. For a
year after graduation, he worked as an electrical engineer
for the Airways Division, U. S. Bureau of Lighthouses.
He was an engineer with the first Byrd LExpedition to the
Antarctic in 1928-1930, and was awarded the U. S.
Special Congressional Gold Medal, the Silver Medal of the
Acronautical Institute, and the Gold Medal of the City
of New York for his services. For three vears thercafter,
he was on the staff of the National Bureau of Standards.
From 1933-1941, he was a physicist with the Department
of Terrestrial DMagnetism of the Carnegie Institution
of Washington, bringing the first Air Waves Radio Range
System to fruition. During 1940-1941, he was a consultant
to the National Defense Committee.

An aviator in the Naval Reserve since 1926, Dr.
Berkner was called to active duty as head of the Radar
Section, Bureau of Aeronautics, in 1941. He directed the
Bureau's Electronics Materiel Branch from 1943-1945,
and served on the U.S..S. Enterprise in 1945, in the Battle
of Okinawa. He has held the rank of Rear Admiral, USNR.
since 1955,

Lloyd V. Berkner

President, 1960

During 1946-1947, he was Lxecutive Secretary of the
Research and Development Board and remained a con-
sultant to the Board until 1951. He was head of the Sec-
tion on Exploratory Geophysics of the Atmosphere, De-
partment of Terrestrial Magnetism, Carnegie Institution,
from 1947-19531. From 1951 to 1960, he was President
of Associated Universities, Inc., New York, N. Y., an
educational institution which operates research facilities
such as the Brookhaven National Laboratory, under con-
tract with the Atomic Energy Commission, and the Nation-
al Radio Astronomy Observatory, under contract with the
National Science Foundation. He has recently become
president of the Graduate Research Center. Dallas, Tex.

Dr. Berkner has held numerous offices and advisory
positions in government, industry, and education. In the
State Department, he served as Special Assistant to the
Secretary of State, and Director of the Foreign Military
Assistance Program in 1949, and Chairman of the Inter-
national Science Steering Committee which produced the
report “Science and IForcign Relations.” Recently, he was
a leader on national and international committees for the
International Geophysical Year. He is presently a member
of the Board of several industrial and research organiza-
tions. He was formerly a member of the President’s Sci-
ence Advisory Committee, and at the expiration of this
term became consultant to the Committee.

He received the Science Award of the \Washington
Academy of Sciences in 1941; Commendation Ribbon of
the Secretary of the Navy in 1944; Honorary Ofticer, Order
of the British Empire in 1945; U. S. Legion of Merit in
1946; and Alumni Recognition Award of Acacia Fraternity
in 1954,

He is Chairman of the Space Science Board of the
National Academy of Sciences, Past President of the
International Scientific Radio Union, Retiring President
of the International Council of Scientific Unions, and a
former member of the Executive Committee of the Inter-
national Union of Geodosy and Geophysics. Heis Treasurer
of the National Academy of Sciences, a member of the
American Philosophical Society, President of the American
Geophysical Union, and a Fellow of the American Acade-
my of Arts and Sciences, the American Institute of Elec-
trical Engineers, the American Physical Society, the Arctic
Institute of North America, and the New York Academy
of Sciences. Also heisa Foreign Fellow of the Royal Swedish
Academy of Sciences and holds membership in numerous
other professional and honorary societies in the U. S. and
abroad.
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Poles and Zeros

Second Round. This issue
of the PROCEEDINGS, being the
second Special Issue devoted
! h to Computers, is so excellently
descnbed in the Introductlon (page 4) that Scanning the
Issue has been omitted this month. Poles and Zeros can also
vse the comprehensiveness of the Introduction as an excuse
to devote its attention, and that of its readers, to the work
represented in the successful assembling of this volume.

A Guest Editorial Board, comprised of Harry T. Larson as
Guest Editor, I.. C. Hobbs, and K. \W. Uncapher, undertook
the preparation of this issue. C. W. Rosenthal stood by to
assist in special situations. This group has produced an issue
of the PROCEEDINGS about which the Managing Editor has
stated, “This issue represents more work on the part of more
people than any IRE publication to date.” The members of
the Guest LEditorial Board were responsible for the procure-
nent and selection of the 11 invited review papers, the 17
selected papers, and the one reprinted paper that make up
this imposing issue.

The Guest Editorial Board established a special review
committee of 63 experts from all over the country. These ex-
perts handled the 140 submitted papers in a very short period
of time, This was only the beginning of the task since the ini-
tial reviews left about half of the total papers as possible
prospects for the issue. The guest editors worked far bevond
the call of duty, literally night and day. in re-reviewing, revis-
ing, and selecting the final group of papers.

It is difficult to appropriately express appreciation for the
superb job turned in by the editors of, and contributors to,
this issue. Their satisfaction and thanks will come from their
knowledge that they have produced an outstanding contribu-
tion to the progress of the computer art.

Membership. \ review of back copies of the PROCEEDINGS
reveals that Poles and Zeros first made mention of IRE mem-
bership statistics in August, 1956. At that time liditor Fink
reported that the IRIZ membership roster had just passed the
50.000 mark. He went on to predict that if growth continued
to be compounded as it had since 1952, we could expect to pass
the 100,000 mark in 1962. The August, 1957 Poles and Zeros
reported that in May of that vear the membership had passed
60.000. Then in July, 1958, Editor Rvder devoted the entire
Poles and Zeros page to the subject of IRE growth and in
tyvpical engineering fashion demonstrated by a semi-loga-
rithmic plot that “barring cataclysms, catastrophes, or con-
trovertible calculations” a simple extrapolation confirmed the
earlier prediction of 100,000 members in 1962. The present
Editor is pleased to report that, having inserted the latest sta-
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tistics (see box on page 14\) on the same semilogarithmic
plot, the extrapolation still appears valid.

This is all a rather lengthy prelude to calling to vour atten-
tion the availability to all IRIZ members of an application
form for prospective members. It is as close as vour copy of
the IRE Directory. The new 1961 Directory which vou re-
ceived a short time ago contains a convenient tear-out appli-
cation following page 20. Of course, if vou need more than
one they are readily available through yvour Section Member-
ship Committee.

IRE Dictionary. During the past 18 vears, The Institute of
Radio Engineers, through its Technical Committees and its
Standards Committee, has formulated and published 37 IRE
Standards dealing with terminology and symbology. Prior to
1949 these Standards were published as separate pamphlets;
since that time they have appeared singly in issues of the
ProCEEDINGs. Gathering these Standards and combining
them between one pair of covers has now been accomplished.
and the IRE Dictionary thus brings together all the defini-
tions and symbols published and still valid through Decem-
ber, 1939.

The Dictionary provides a convenient and ready reference
to approximately 3700 technical terms and their IRE Stand-
ard definitions. It also includes reprints of five IRE Standards
containing letter and graphical symbols. {t is anticipated that
the Dictionary will serve an important need. and it should
save much searching among PROCEEDINGs files. It may be
purchased by IRIZ members for $5.20; by non-members for
§10.40. Orders may be directed to Headquarters.

Reminder. Chairmen. and Secretaries of Sections, Subsec-
tions, and Professional Groups have received from the Execu-
tive Secretary instructions as to the new procedure for nomi-
nations for IRE Fellow grade. These instructions called atten-
tion to the necessity for submitting Fellow nominations on or
before March 31, 1961 for a candidate to be eligible for con-
sideration for advancement to the grade of Fellow as of
January 1, 1962. Adherence to the deadline will assure con-
sideration of vour candidates. Do not deprive your candidate
of consideration for advancement by your carelessness.

Miscellany. By action of the Board of Directors, at its
meeting in October, 1960, the bylaws were amended to re-
quire the signatures of 100 members to petition for the forma-
tion of a new Professional Group. This is certainly a minimal
requirement for an organization comprising over 87,000 mem-
bers. At the same meeting the Board approved the formation
of an IRE Technical Committee on Reliability. There are
now 26 Standing Technical Committees.—F. H., Jr.
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The Computer Issue*

HARRY T. LARSON{, GUEST EDITOR

INTRODUCTION

T YHIS IS the second special Computer Issue of the

IRE Proceebixgs; the first was dated October,
“~ 1953. Since computers continue to be a subject of
widespread interest and have become a factor in the
lives of most electronic engineers, this issue has been de-
signed to be useful to the nonspecialist as well as com-
puter specialists. The papers herein review useful de-
velopments in the intervening seven vears, report the
“state of the art” in important aspects of current com-
puter design and application, describe significant new
developments, and indicate the trends of this multi-
faceted technology.

Asin 1953, activity in the computer field continues to
expand at an astonishing rate, whether measured in
terms of numbers of computers in use, tvpes of func-
tions computers perform, number of people emploved
in the industry, or number of inventions and new com-
ponents introduced. Basic (non-mutuallv-exclusive)
forces behind this advance include the following:

L3

1) Computer equipment can perform some of the
functions classed as “mental processes.” Thus,
this equipment is a candidate for a broad range of
activities that have, in the past, been performed
entirely by humans. Computers have proven to
be capable of matching or outperforming men in
many information processing activities, in terms of
speed, cost, or capacity to integrate a muititude of
factors. Also, computers can perform such func-
tions in environments unsuited for humans.

2) The value of the computer in the sciences and en-
gineering is solidly established. This acceptance,
in the fields that stimulated the creation of the
equipment, has accounted for a large fraction of
the expansion to date.

3) The general information processing capability of
the computer is a major addition to the array of
tools available for the “industrial revolution.”
This evolution has been primarily characterized
in the past by the introduction of machines that
replace or augment man's muscular activity. Com-
puters, on the other hand, can undertake some of
the control function performed by man. The pow-
erful economic forces behind the ever continuing
industrial revolution are coming into play here,
and the arrival of the computer and its descend-
ents may well introduce a truly “revolutionary”
note to this evolution.

* Received by the IRE, November 10, 1960.
t Aeronutronic Div., Ford Motor Co., Newport Beach, Calif.

4) The impatient designers and builders of compuring
equipment, aware of the breadth of its general ap-
plicability, are vigorously sponsoring invasions
into new areas. \While these attacks are based pri-
marily on economic forces, an independent force
not unlike enthusiastic missionary zeal is a meas-
urable factor.

These and other interrelated forces have resulted in a
rapidly growing military and commercial demand for
computer equipment, in turn producing an economic
environment that is supporting an extraordinary range
of engineering activities. Some of the new research and
engineering activities within this field arise from an in-
dependent source: the computer, having characteristics
that cause it to perform in some ways like what is be-
lieved to be the human thinking process, and having a
complexity that may exceed that of any other thing
built by man, has intrigue, excitement, and challenge
that attract the mind of many an engineer and scien-
tist, causing them to direct their efforts to this area.

IFrom the resulting myriad of current developments,
the editors have identified significant facets of computer
evolution since 1953, and have selected a representative
set of papers describing advanced developments. Sev-
eral informative and hopefully stimulating introductory
and survey papers have been included for the nonspe-
cialist. Relatively elementary information has been in-
cluded where judged necessary to properly introduce
subjects. IFor the computer specialist, state-of-the-art
papers are provided that summarize and compare the
many activities in certain specialized areas, and reports
are included on advanced developments and examples
of areas of current research.

CONTENTSs OF THIS IsSUE
Artificial Intelligence

Possibly the most stimulating advanced develop-
ments in computer design and application are those de-
voted to improving the capabilities of the computer to
perform increasingly higher level information-process-
ing functions; “higher” in this context means moving
toward the processes human intelligence can perform.
The issue starts with two invited articles on this sub-
ject. The first paper (Minsky) is a thorough and in-
tensely interesting review of the first halting steps to-
ward “artificial intelligence.” This paper speaks pri-
marily to a class of activities in which a general purpose
computer, complete with a library of basic programs, is
further programmed to perform functions which lead to
learning, problem solving, etc. A second group of ac-
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tivities is devoted to “self-organizing” machines (Haw-
kins), which include a variable network, the elements of
which are to be organized by the equipment itself to
meet criteria of success in the environment in which it
operates. Hawkins’ thoroughgoing paper is followed by a
description of an element that can be used to construct
networks that simulate neural networks (Brain), indi-
cating a hardware mechanization which mayv be useful
in self-organizing machines. A third class of develop-
ments, “sell adaptive” syvstems, may be associated with
the approaches to artificial intelligence. These adaptive
systems are usually employved in feedback control sys-
tems, being capable of automatically modifving internal
network parameters to optimize, stabilize, or otherwise
improve the control system as a unction of variations in
its environment, A description of an advanced form of
such a system appears later in the issue, in an article on
control system use of computers (T'ruxal).

The nature of the attack on this matter of artificial
intelligence contains ingredients ol a recurring phenom-
enon of considerable significance in the spread of com-
puter application: when computers are applied to a field
ol activity outside the fields that primarily employ
mathematics and logic in their theories, that field inder-
goes greater formalization. Once serious effort is initiated
to apply the computing machine in such a field, often a
chaotic condition is soon reached wherein it is recog-
nized that the problem cannot be fully stated with the
information and understanding at hand, so the machine
cannot be fully instructed. Rather than turn awav from
the problem, the team attempting to apply the com-
puter usually has sufficient motivation to create the re-
quired formalization. Useful standardization of term-
imology is usually fostered, as indicated in current ef-
forts to apply computers to medical diagnosis. Success-
ful computer application may require initiation of a new
theory for the field, as in Minsky's start on a theory of
intelligence. Language translation (see Bauer, Gerlough,
and Granholm) has initiated exciting work on the theory
of the structure of language: the grammar rules taught
in English classes are inadequate and inexact. 7hus,
perhaps one of the most important impacts com puters are
producing in our society is through serving as a catalyst for
channeling the attention of scientific and disciplined minds
into relatively unformalized areas. \When the channel is
established, when the practitioner has overcome his fear
of the machine, and when the scientist and practitioner
are communicating, the attack is relentless. The sci-
entific mind has found an unformalized field, and it can-
not rest until it identifies, understands, and organizes
basic elements of the field: the practitioner has found a
powerful new tool to advance his capabilities.

Computer Organization and Components

The next set of papers is devoted to the computer
proper. It is introduced by an invited article discussing
the evolution in the over-all organization of the arith-
metic and control elements (Beckman, Brooks, and
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Lawless). The internal organization of today’s machines
is appreciably more complex than in the computers re-
ported upon in 1953. The design has been influenced by
the desires of computer programmers, as evidenced by
such things as an increasing number of index registers,
and a larger repertoire of instructions in some machines.
Several operations may be performed concurrently.
The sharply increased use of input/output and auxiliary
storage devices has reflected requirements into the in-
ternal computer design. Also, the boundaries between
arithmetic, control, and storage units have become in-
distinet in some of the more sophisticated designs.

The internal operating speeds of computers have in-
creased two or threc orders of magnitude since 1953.
This has been accomplished in part by advances in the
methods of performing the basic operations (MacSor-
ley) of addition, multiplication, and division. This thor-
ough paper classifies and compares many methods of oh-
taining high speed in these operations in parallel binary
computers, and reports original work in this field. The
arithmetic operation of division is often bothersome to
the system designer, usually taking longer to perforin
than the other basic arithmetic operations. An analysis
of several division techniques is presented (Freiman).

The computer field continues to be characterized by
the appearance of new components capable of perform-
ing the basic functions of storage or logic. A few such
components are reported upon here.

Animportant factor in determining over-all computer
performance is the internal memory or storage. The
electronic, random-access class of internal memories is
reviewed in an invited paper (Rajchman), describing the
functions fulfilled by such storage units, and explaining
the principles of present advanced components and
techniques. The thin film memory (Raffel, Crowther,
Anderson and Herndon) is a promising development in
storage devices. The development of a disk device that
may serve either as a central storage or in the hierarchy
of stores backing up the central store is reported (Pear-
son), in an unusual tyvpe of paper that describes a re-
search and development program of mature caliber. De-
sign information of value in magnetic digital recording
on tapes, disks, or drums is also presented (Hoagland
and Bacon).

Tunnel diodes hold promise of becoming a useful ele-
ment, performing both logic and memory functions, and
extending the speed of computers. The status of the
varied activity is surveyed (Sims, Beck, and Kamm), to
put the many isolated contributions into perspective.
The tunnel-diode locked-pair circuit is subjected to an
introductory analysis (Kaupp and Crosby) that makes
it possible to estimate the maximum operating fre-
quency of such a pair; this paper also serves as an ex-
ample of the use of a digital comptter o solve nonlinear
circuit design problems.

This issue would not be complete without a report on
the exciting work on use of radio high-frequency circuits
to attain ultra high speed computation (Abevta, Bor-
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gini, and Crosby). Significant work in phase-locked sub-
harmonic oscillator operation in the kilomegacycle re-
gion is described.

Input, Output and Communication

In 1953, computers were generally large machines
dominated by the computer proper, augmented by a
relatively moderate amount of “auxiliary” on-line equip-
ment for storage and input/output functions. In the last
seven vears, the proliferation of equipment has pro-
duced systems of all sizes, ranging from desk size to four-
story blockhouse size. In many of these, especially the
medium and large size equipments, the computer proper
is a moderate part of what is often now termed the
“computer system”; extensive arrays of on-line storage,
input, and output equipments surround the central
“main frame” or computer proper, and special process-
ing equipment has evolved for managing the activities
of these parts of the system.

A small group of papers has been included to reflect
properly the “computer system” nature of current de-
velopments. Many of the peripheral devices are aimed
at improving the communication between man and
computing machines. The considerable body of work in
developing a visual input sensor for computers is indi-
cated by reporting an example of current research in
character recognition (Horwitz and Shelton). This work
is particularly pertinent to the self-organizing systems
work (Hawkins). On the output end, communication
of computer-generated data to people has been mark-
edly improved by the development of new display de-
vices. An invited paper (Loewe, Sisson and Horowitz)
summarizes the user requirements and functions to be
fulfilled by displays, and surveys many of the newer de-
vices and techniques available or under development in
this surprisingly varied and active field.

Computing systems today are often found to be but a
part of a larger system, sometimes directly linked to in-
puts and outputs distributed over substantial geo-
graphical arcas. In such systems, digital communica-
tion has become a significant problem. Many of the ad-
vanced developments in this area remain under military
classification. Considerable commercial and domestic
digital communication work exists, and this has been
surveyed in an introductory invited paper (Wier).

Design Techniques

The importance of logical design and the continuing
progress in this discipline require that an example or
two of current developments be incorporated in this
issue. A considerable body of advanced activity exists in
techniques for use with threshold devices (Stram) and
for majority (or vote-taking) logic. Logical and sys-
tems designers who find the flow table useful will be
interested in a logical design approach (Low and Maley)
which starts with a new set of design criteria appropri-
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ate for the coming microminiature systems employing a
massive number of elements packed at high density. An
example of the variety of error-detecting codes now in
use or development is the class of codes for detecting
bursts of errors (Brown and Peterson), especially useful
in digital communication (Weir).

“Worst-case” design of computer circuits continues,
but some reaction to this approach has occurred. There
is evidence that worst-case design results in so many
components in a system that its over-all reliability is
not maximized. Statistical analysis is now being applied
(Nussbaum, Irland and Young) to seek a compromise
that produces greater over-all reliability and contributes
to improved performance in other ways.

Design techniques for nonlinear dynamical systems
(Haynes), applied to cryotron circuits, are applicable
in many aspects of engineering, and should prove in-
teresting to the nonspecialist; the computer specialist
will be interested in this paper’s application to cryotron
networks. A useful example of a design technique ap-
plicable to magnetic digital recording (Hoagland and
Bacon) is given in a paper considered to be one of the
outstanding reports in the TrRaNsacTioNs of the Pro-
fessional Group on Electronic Computers within the
last year. Both of these papers are good examples of the
use of computers in engineering design.

Analog

Readers interested in the solution of a class of partial
differential equations representing transient field prob-
lems will be interested in an analog network simulator
(Karplus) which is useful particularly in those differen-
tial equations in which the dependent variable varies
nonperiodically with time.

Clever mathematical analogs have been applied for
many years in analog equipments that allow the meas-
urement of the magnitude and angle of functions of the
complex variable; these have usually taken the form of
electrolytic tanks in which appropriate measurements
are taken in the fields between the singularities. Auto-
matic control engineers will be interested in a novel ap-
proach (Morgan) which permits the measurement of
magnitude and angle by taking measurements at the
poles and zeros. This will be of interest to those who find
themselves evaluating the inverse Laplace transform.

Programming

Computer programming developments qualify for a
report in this issue because of the fundamental and ex-
tremely important role programming plays in the use of
any stored program computer, because of the role pro-
gramming plays in the design of a computer, and be-
cause of the major progress being made. An invited
paper (Orchard-Hays), starting from the Hopper and
Mauchly paper in the 1953 Computer issue, identifies
the techniques, languages, and systems that have
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evolved as programmers move to higher and higher
levels of sophistication and abstraction in their employ-
ment of computing machinery.

Applications

A useful simple listing or even a simple classification
of the range of uses of computers is a task of considerable
magnitude. A few representative new applications have
been summarized in an invited paper (Bauer, Gerlough,
and Granholm), which will be of considerable interest to
the nonspecialist. One class of computer applications of
rapidly growing importance is the use of computers in
control svstems, discussed in an interesting invited re-
view paper (Truxal). A recently declassified paper on the
use of a digital system in a multiple control task (Lewis)
s of considerable interest to the specialist and non-
specialist alike, describing the application itself and
blocking out the computer and its characteristics, This
system contains two computers, a smaller lower capa-
bility computer taking over if the main computer mal-
functions.

For the purposes of most ProCcEEDINGS readers, prob-
ably the most useful type of application to report upon
is that which shows the computer as a tool in circuit de-
sign. A number ol earlier papers in the issue do just this
(Kaupp and Crosby) (Nussbaum, Irland, and Young)
(Haynes) (Hoagland and Bacon) (Morgan). An excel-
lent example of the rapidly growing use ol computers in
simulation roles is given (David), showing the aid pro-
vided by this tool in engincering research.
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Luropean Situation

The explosive growth in tvpes and numbers of com-
puter equipments in the United States militates against
any satistactory selection of machines to report upon.
Also, current interest in computers and excellent pub-
lication channels have provided adequate coverage for
nearly all recent developments which are free of military
security. Although many existing machines are men-
tioned in the articles in this issue, only one article has
been assigned to a machine description (Lewis). Atten-
tion has been turned to the extensive developments in
llurope (Auerbach). In this invited paper, the author
has selected and described the most significant develop-
ments there, and has summarized the characteristics of
the many computers in operation and under develop-
ment.
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Steps Toward Artificial Intelligence®

MARVIN MINSKY7{, MEMBER, IRE

The work toward attaining “artificial intelligence” is the center of cousiderable computer research, desigi,
and application. The field is in its starting transient, characterized by many varied and independent efforts.
Marvin Minsky has been requested to draw this work together into a coherent summary, supplement it with
appropriate explanatory or theoretical noncomputer information, and introduce his assessment of the state-of-
the-art. This paper emphasizes the class of activities in which a general purpose computer, complete with a
library of basic programs, is further programmed to perform operations leading to ever higher-level information
processing functions such as learning and problem solving. This informative article will be of real interest to

both the general PrRocEEDINGS reader and the computer specialist.

Summary—The problems of heuristic programming—of making
computers solve really difficult problems—are divided into five main
areas: Search, Pattern-Recognition, Learning, Planning, and
Induction.

A computer can do, in a sense, only what it is told to do. But even
when we do not know how to solve a certain problem, we may pro-
gram a machine (computer) to Search through some large space of
solution attempts. Unfortunately, this usually leads to an enormously
inefficient process. With Pattern-Recognition techniques, efficiency
can often be improved, by restricting the application of the machine’s
methods to appropriate problems. Pattern-Recognition, together
with Learning, can be used to exploit generalizations based on ac-
cumulated experience, further reducing search. By analyzing the
situation, using Planning methods, we may obtain a fundamental
improvement by replacing the given search with a much smaller,
more appropriate exploration. To manage broad classes of problems,
machines will need to construct models of their environments, using
some scheme for Induction.

Wherever appropriate, the discussion is supported by extensive
citation of the literature and by descriptions of a few of the most
successful heuristic (problem-solving) programs constructed to date.

INTRODUCTION
&_ VISITOR to our planet might be puzzled about

the role of computers in our technology. On the
one hand, he would read and hear all about
wonderful “mechanical brains” baffling their creators
with prodigious intellectual performance. And he (or it)
would be warned that these machines must be re-
strained, lest they overwhelm us by might, persuasion,
or even by the revelation of truths too terrible to be
borne. On the other hand, our visitor would find the
machines being denounced, on all sides, for their slavish
obedience, unimaginative literal interpretations, and
incapacity for innovation or initiative; in short, for
their inhuman dullness.
Our visitor might remain puzzled if he set out to find,
and judge for himself, these monsters. For he would

* Received by the 1RE, October 24, 1960. The author’s work
summarized here—which was done at Lincoln Lab., a center for re-
search operated by M.LT. at Lexington, Mass., with the joint sup-
port of the U. S. Army, Navy, and Air Force under Air Foree Con-
tract AF 19(604)-5200; and at the Res. Lab. of Electronics, M.LT.,
Cambridge, Mass., which is supported in part by the U. 8. Army
Signal Corps, the Air Force Office of Scientific Res., and the ONR—
is based on carlier work done by the author as a Junior Fellow of the
Society of Fellows, Harvard Univ., Cambridge.

t Dept. of Mathematics and Computation Center, Res. Lab.
of Electronics, M.1.'T., Cambridge, Mass.

The Guest Editor

find only a few machines (mostly “general-purpose”
computers, programmed for the moment to behave ac-
cording to some specification) doing things that might
claim any real intellectual status. Some would be prov-
ing mathematical theorems of rather undistinguished
character. A few machines might be playing certain
games, occasionally defeating their designers. Some
might be distinguishing between hand-printed letters.
Is this enough to justify so much interest, let alone deep
concern? | believe that it is; that we are on the thresh-
old of an era that will be strongly influenced, and quite
possibly dominated, by intelligent problem-solving ma-
chines. But our purpose is not to guess about what the
future may bring; it is only to try to describe and ex-
plain what seem now to be our first steps toward the
construction of “artificial intelligence.”

Along with the development of general-purpose com-
puters, the past few yvears have seen an increase in effort
toward the discovery and mechanization of problem-
solving processes. Quite a number of papers have ap-
peared describing theories or actual computer programs
concerned with game-playing, theorem-proving, pat-
tern-recognition, and other domains which would seem
to require some intelligence. The literature does not in-
clude any general discussion of the outstanding prob-
lems of this field.

In this article, an attempt will be made to separate
out, analyze, and find the relations between some of
these problems. Analysis will be supported with enough
examples from the literature to serve the introductory
function of a review article, but there remains much
relevant work not described here. This paper is highly
compressed, and therefore, cannot begin to discuss all
these matters in the available space.

There is, of course, no generally accepted theory of
“intelligence”; the analysis is our own and mayv be con-
troversial. \We regret that we cannot give full personal
acknowledgments here—suffice it to say that we have
discussed these matters with almost every one of the
cited authors.

It is convenient to divide the problems into five main
areas: Search, Pattern-Recognition, Learning, Plan-
ning, and Induction; these comprise the main divisions
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of the paper.
very briefly:

A computer can do, in a sense, only what it is told to
do. But even when we do not know exactly how to solve
a certain problem, we may program a machine to
Search through some large space of solution attempts.
Unfortunately, when we write a straightforward pro-
gram for such a search, we usually find the resulting
process to be enormously inethcient. With Pattern-
Recognition techniques, efficiency can be greatly im-
proved by restricting the machine to use its methods
only on the kind of attempts for which they are appro-
priate. And with Learning, ethciency is {urther improved
by directing Scarch in accord with earlier experiences.
By actually analyzing the situation, using what we call
Planning methods, the machine may obtain a really
fundamental improvement by replacing the originally
given Search by a nmiuch smaller, more appropriate ex-
ploration. Ifinally, in the section on Induction, we con-
sider some rather more global concepts of how one
might obtain intelligent machine behavior.

Let us summarize the entire argument

I. THE PrROBLEM OF SEARCH'

Summary~-If, for a given problem, we have a means for checking
a proposed solution, then we can solve the problem by testing all
possible answers. But this always takes much too long to be of
practical interest. Any device that can reduce this search may be of
value. If we can detect relative improvement, then “hill-climbing”
(Section I-B) may be feasible, but its use requires some structural
knowledge of the search space. And unless this structure meets cer-
tain conditions, hill-climbing may do more harm than good.

When we talk of problem-solving in what follows we
will usually suppose that all the problems to be solved
are initially well defined [1]. By this we mean that with
each problem we are given some systematic way to
decide when a proposed solution is acceptable. Most of
the experimental work discussed here is concerned with
such well-defined problems as are met in theorem-prov-
ing, or in games with precise rules for play and scoring.

In one sense all such problems are trivial. For if there
exists a solution to such a problem, that solution can be
found eventually by any blind exhaustive process which
scarches through all possibilities. And it is usually not
difhcult to mechanize or program such a scarch.

But for any problem worthy of the name, the search
through all possibilities will be too inefficient for prac-
tical use. And on the other hand, systems like chess,
or nontrivial parts of mathematics, are too complicated
for complete analysis. Without complete analysis, there
must always remain sonte core of search, or “trial and
error.” So we need to find techniques through which the

! The adjective “heuristic,” as used here and widely in the litera-
ture, means related to improving problem-solving performance; as a
noun it is also used in regard to any method or trick used to nnpm\e
the efficiency of a problem-solving system. A “heuristic program,
to be considered successful, must work well on a variety of problems,
and may often be excused if it fails on some. We often find it worth-
while to introduce a heuristic method which happens to cause oc-
casional failures, if there is an over-all improvement in performance.
But imperfect methods are not necessarily heuristic, nor vice versi.
tHence “heuristic™ should not be regarded as opposite to “foolproof™;
this has caused some confuston in the literature.
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results of incomplete analysis can be used to make the
search more efficient. The necessity for this is simply
overwhelming: a search of all the paths through the
game of checkers involves some 10% move choices [2];
in chess, some 10'2° [3]. If we organized all the particles
in our galaxy into some kind of parallel computer
operating at the {requency of hard cosmic rays, the lat-
ter computation would still take impossibly long: we
cannot expect improvements in “hardware” alone to
solve all our problems! Certainly we must use whatever
we know in advance to guide the trial generator. And
we must also be able to make use of results obtained
along the way. 2?8

A. Relative Improvement, [1ill-Climbing, and Ileuristic
Connections

A problem can hardly come to interest us if we have
no background of information about it. \We usually
have some basis, however flimsy, for detecting improve-
ment; some trials will be judged more successful than
others. Suppose, for example, that we have a comparator
which selects as the better, one from any pair of trial
outcomes. Now the comparator cannot, alone, serve to
make a problem well-defined. No goal is defined. But if
the comparator-defined relation between trials is
“transitive” (i.e., if .l dominates B and B dominates C
implies that .[ dominates C), then we can at least define
“progress,” and ask our machine, given a time limit, to
do the best it can.

But it is essential to observe that a comparator by
itself, however shrewd, cannot alone give any improve-
The comparator gives us
information about partial success, to be sure. But we
need also some way of using this information to direct
the pattern of search in promising directions; to select
new trial points which are in some sense “like,” or
“similar to,” or “in the same direction as” those which
have given the best previous results. To do this we need
some additional structure on the search space. This
structure need not bear much resenmiblance to the ordi-
nary spatial notion of direction, or that of distance, but
it must somehow tie together points which are heuristi-
cally related.

We will call such a structure a heuristic connection.
We introduce this term for informal use only that is
why our definition is itself so informal. But we need it.
Many publications have been marred by the misuse,

ment over exhaustive search.

* McCarthy [1] has discussed the enumeration problem from a
recursive-function theory point of view. This inc omplete but sug-
gestive paper proposes, among other things, that “the enumeration
of partial recursive functions should give an early place to composi-
tions of functions that have already appeared.”

I regard this as an important notion, espec ially in the light of
Sh‘umon s results [4] on two-terminal wnchmg circuits—that the

“average” m-variable switching function requires about 2"/n con-
tacts. lhlS disaster does not usually strike when we construct “inter-
esting” large machines, presumably because they are based on com-
position of functions already found useful.

3 In 5] and especially in [6] Ashby has an excellent discussion of
the search problem. (However, 1 am not convinced of the usefulness
of his notion of “ultrastability,” which seems to he little more than
the property of a machine to search untit something stops it.)
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for this purpose, of precise mathematical terms, e.g.,
metric and topological. The term “connection,” with its
variety of dictionary meanings, seems just the word to
designate a relation without commitment as to the
exact nature of the relation.

An important and simple kind of heuristic connection
is that defined when a space has coordinates (or param-
eters) and there is also defined a numerical “success-
function” E which is a reasonably smooth function of
the coordinates. llere we can use local optimization or
hill-climbing methods.

B. I1ill-Climbing

Suppose that we are given a black-box machine with
inputs Ay, - - -, A, and an output F£(Ay, - - -, \,). We
wish to maximize /2 by adjusting the input values. But
we are not given any mathematical description of the
function E: hence we cannot use differentiation or re-
lated methods. The obvious approach is to explore
locally about a point, finding the direction of steepest
ascent. One moves a certain distance in that direction
and repeats the process until improvement ceases. If the
hill is smooth this may be done, approximately, by
estimating the gradient component dE/IN; separately
for each coordinate ;. There are more sophisticated
approaches (one may use noise added to cach variable,
and correlate the output with each input, see Fig. 1),
but this is the general idea. It is a fundamental tech-
nique, and we sce it always in the background ol far
more complex systems. Heuristically, its great virtue
is this: the sampling effort (for determining the direc-
tion of the gradient) grows, in a sense, only linearly
with the number of parameters. So if we can solve, by
such a method, a certain kind of problem involving
many parameters, then the addition of more parameters
of the same kind ought not cause an inordinate in-
crease in difaculty. \We are particularly interested in
problem-solving methods which can be so extended to
more difficutt problems. Alas, most interesting svstems
which involve combinational operations usually grow
exponentially more difficult as we add variables.

A great variety of hill-climbing systems have been
studied under the names of “adaptive” or “scli-opti-
mizing” servomechanisms.

C. Troubles with 11ill-Climbing

Obviously, the gradient-following hill-climber would
be trapped if it should reach a local peak which is not a
true or satisfactory optimum. It must then be lorced to
try larger steps or changes.

It is often supposed that this false-peak problem is
the chiefl obstacle to machine learning by this method.
This certainly can be troublesome. But for really diffi-
cult problems, it seems to us that usually the more
fundamental problem lies in finding any significant
peak at all. Unfortunately the known E functions for
difficult problems often exhibit what we have called
[7] the “Mesa Phenomenon” in which a small change in
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Fig. 1—*Multiple simultaneous optimizers” search for a (local) max-
imum valie of some function E(A;, - - -, A\,) of several pa-
rameters. Each unit L% independently “jitters™ its parameter A;,
perhaps randomly, by adding a variation 6:(f) to a current mean
vahie y;. The changes in the quantities 8; and E are correlated,
and the result is used to (slowly) change ui. The tilters are to re-
move dc components. This simultancous technique, really a form
of coherent detection, usually has an advantage over methods
dealing separately and sequentially with cach parameter. (Cf. the
discussion of “informative feedback” in Wiener [11], p. 133 (f.)

a parameter usually leads to cither no change in per-
formance or to a large change in performance. The
space is thus composed primarily of flat regions or
“mesas.” Any tendency of the trial generator to make
small steps then results in much aimless wandering
without compensating information gains. A profitable
search in such a space requires steps so large that hill-
climbing is essentially ruled out. The problem-solver
must find other methods; hill-climbing might still be
feasible with a different heuristic connection.

Certainly, in our own intellectual behavior we rarely
solve a tricky problem by a steady climb toward suc-
cess. | doubt that in any one simple mechanism, e.g.,
hill-climbing, will we find the means to build an efficient
and general problem-solving machine. Probably, an
mntelligent machine will require a variety of different
mechanisms. These will be arranged in hierarchies, and
in even more complex, perhaps recursive, structures.
Andperhaps what amounts to straightforward hill-chhmb-
ing on one level may sometimes appear (on a lower
level) as the sudden jumps of “insight.”

II. Tui PROBLEM OF PATTERN RECOGNITION

Summary—In order not to try all possibilities, a resourceful
machine must classify problem situations into categories associated
with the domains of effectiveness of the machine’s different methods.
These pattern-recognition methods must extract the heuristically
significant features of the objects in question. The simplest methods
simply match the objects against standards or prototypes. More
powerful ‘‘property-list” methods subject each object to a sequence
of tests, each detecting some property of heuristic importance. These
properties have to be invariant under commonly encountered forms
of distortion. Two important problems arise here—inventing new
useful properties, and combining many properties to form a recog-
nition system. For complex problems, such methods will have to be
augmented by facilities for subdividing complex objects and describ-
ing the complex relations between their parts.

Any powerful heuristic program is bound to contain a
variety of different methods and techniques. At each
step of the problem-solving process the machine will
have to decide what aspect of the problem to work on,
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and then which method to use. A choice must be made,
for we usually cannot afford to try all the possibilities.
In order to deal with a goal or a problem, that is, to
choose an appropriate method, we have to recognize
what kind of thing it is. Thus the need to choose
among actions compels us to provide the machine with
classification techniques, or means of evolving them.
It is of overwhelming importance that the machine
have classification techniques which are realistic. But
“realistic” can be defined only with respect to the en-
vironments to be encountered by the machine, and with
respect to the methods available to it. Distinctions
which cannot be exploited are not worth recognizing.
And methods are usually worthless without classifica-
tion schemes which can help decide when they are ap-
plicable.

A. Teleological Requirements of Classification

The useful classifiications are those which match the
goals and methods of the machine. The objects grouped
together in the classifications should have something of
heuristic value in common: they should be “similar” in a
usclul sense; they should depend on relevant or essential
features. We should not be surprised, then, to find our-
selves using inverse or teleological expressions to define
the classes. We really do want to have a grip on “the
class of objects which can be transformed into a result
of form Y.,” that is, the class of objects which will sat-
isfy some goal. One should be wary of the tamiliar in-
junction against using teleological language in science.
While it is true that talking of goals in some contexts
may dispose us towards certain kinds ol animistic ex-
planations, this need not be a bad thing in the field of
problem-solving; it is hard to see how one can solve
problems without thoughts ol purposes. The real dith-
culty with teleological dehnitions is technical, not
philosophical, and arises when they have to be used and
not just mentioned. One obviously cannot afford to use
for classification a method which actually requires wait-
ing for some remote outcome, if one needs the classifica-
tion precisely for deciding whether to try out that
method. So, in practice, the ideal teleological definitions
often have to be replaced by practical approximations,
usually with some risk of error; that is, the definitions
have to be made keuristically effective, or economically
usable. This 1s of great importance. (We can think of
“heuristic effectiveness” as contrasted to the ordinary
mathematical notion of “effectiveness” which distin-
guishes those definitions which can be realized at all by
machine, regardless of efficiency.)

B. Patterns and Descriptions

It is usually necessary to have ways of assigning
names—symbolic expressions—to the defined classes.
The structure of the names will have a crucial influence
on the mental world of the machine, for it determines
what kinds of things can be conveniently thought about.
There are a variety of wayvs to assign names. The sim-
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plest schemes use what we will call conventional (or
proper) names: here, arbitrary symbols are assigned to
classes. But we will also want to use complex descrip-
tions or computed names; these are constructed for
classes by processes which depend on the class definitions.
To be useful, these should reflect some of the structure
of the things they designate, abstracted in a manner
relevant to the problem area. The notion of description
merges smoothly into the more complex notion of
model; as we think of it, a model is a sort of active de-
scription. lt is a thing whose form reflects some of the
structure of the thing represented, but which also has
some of the character of a working machine.

In Section T we will consider “learning” systems.
The behavior of those systems can be made to change
in reasonable ways depending on what happened to
them in the past. But by themselves, the simple learning
systems are uscful only in recurrent sitvations: they
cannot cope with any significant novelty. Nontrivial
performance is obtained only when learning systems are
supplemented with classification or pattern-recognition
methods of some inductive ability. For the variety of
objects encountered in a nontrivial search is so enor-
mous that we cannot depend on recurrence, and the mere
accumulation of records of past experience can have
only limited value. Pattern-Recognition, by providing
a heuristic connection which tinks the old to the new,
can make learning broadly useful.

What is a “pattern”? We often use the term teleolog-
ically to mean a set of objects which can in some (useful)
way be treated alike. For each problem area we must
ask, “What patterns would be useful for a machine
working on such problems?”

The problems of visual pattern-recognition have re-
ceived much attention in recent years and most of our
examples are from this area.

1) Prototype-Derived Patterns: The problem of read-
ing printed characters is a clear-cut instance of a situa-
tion in which the classification is based ultimately on a
fixed set of “prototypes” —¢.g., the cies from which the

C. Prototype-Derived Patterns

The problem of reading printed characters is aclear-
cut instance of a situation in which the classification is
based ultimately on a fixed set of “prototypes” -¢.g.,
the dies from which the type font was made. The indi-
vidual marks on the printed page may show the results
of many distortions. Some distortions are rather sys-
tematic: change in size, position, orientation. Some are
of the nature of noise: blurring, grain, low contrast, etc.

If the noise 1s not too severe, we may be able to man-
age the identification by what we call a normalization
and template-matching process. \We first remove the
differences related to size and position—that is, we
normalize the input figure. One may do this, for example,
by constructing a similar fAgure inscribed in a certain
fixed triangle (see Fig. 2); or one may transform the fig-
ure to obtain a certaiu fixed center of gravity and a unit
second central moment. (There is an additional problem
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with rotational equivalence where it is not easy to avoid
all ambiguities. One does not want to equate “6” and
“9”. For that matter, one does not want to equate (0, o),
or (X, X) or the o's in x, and x°, so that there may be
context-dependency involved.) Once normalized, the
unknown figure can be compared with femplates for the
prototypes and, by means of some measure of matching,
choose the best fitting template. Each “matching cri-
terion” will be sensitive to particular forms of noise
and distortion, and so will each normalization pro-
cedure. The inscribing or boxing method may be sensi-
tive to small specks, while the moment method will be
especially sensitive to smearing, at least for thin-line
figures, etc. The choice of a matching criterion must de-
pend on the kinds of noise and transformations com-
monly encountered. Still, for many problems we may get
acceptable results by using straightforward correlation
methods.

When the class of equivalence transformations is very
large, e.g., when local stretching and distortion are
present, there will be difhculty in finding a uniform
normalization method. Instead, one may have to con-
sider a process of adjusting locally for best fit to the
template. (While measuring the matching, one could
“jitter” the figure locally; if an improvement were found
the process could be repeated using a slightly different
change, etc.) There is usually no practical possibility
of applying to the figure a// of the admissible transfor-
mations. And to recognize the topological equivalence of
pairs such as those in Fig. 3 is likely beyond any prac-
tical kind of iterative local-improvement or hill-climbing
matching procedure. (Such recognitions can be mech-
anized, though, by methods which follow lines, detect
vertices, and build up a description in the form, say, of
a vertex-connection table.)

The template matching scheme, with its normaliza-
tion and direct comparison and matching criterion, is
just too limited in conception to be of much use in more
difficult problems. I the transformation set is large,
normalization, or “fitting,” may be impractical, es-
pecially if there is no adequate heuristic connection on
the space of transformations. I‘urthermore, for each
defined pattern, the system has to be presented with a
prototype. But if one has in mind a fairly abstract
class, one may simply be unable to represent its essen-
tial features with one or a very few concrete examples.
How could one represent with a single prototype the
class of figures which have an even number of discon-
nected parts? Clearly, the template system has negli-
gible descriptive power. The property-list system frees
us from some of these limitations.

D. Property Lists and “Characters”

We define a property to be a two-valued function
which divides figures into two classes; a figure is said to
have or not have the property according to whether
the function’s value is 1 or 0. Given a number N of dis-
tinction properties, we could define as many as 2" sub-
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classes by their set intersections and, hence, as many as
2" patterns by combining the properties with AND's
and OR’s. Thus, if we have three properties, rectilinear,
connected, and cyclic, there are eight subclasses (and 256
patterns) defined by their intersections (see Fig. 4).

If the given properties are placed in a fixed order then
we can represent any of these elementary regions by a
vector, or string of digits. The vector so assigned to each
figure will be called the Character of that figure (with
respect to the sequence of properties in question). (In
[9] we use the term characteristic for a property without
restriction to 2 values.) Thus a square has the Char-
acter (1, 1, 1) and a circle the Character (0, 1, 1) for the
given sequence of properties.

For many problems one can use such Characters as
names for categories and as primitive elements with

B

Fig. 2—A simple normalization technique. If an object is expanded
uniformly, without rotation, until it touches all three sides of a
triangle, the resulting figure will be unique, and pattern-recogni-
tion can proceed without concern about relative size and position.

N
A A' B B

Fig. 3—The figures 4, A’ and B, B’ are topologically equivalent
pairs. Lengths have been distorted in an arbitrary manner, but
the connectivity relations between corresponding points have
been preserved. In Sherman [8] and Haller [39] we find computer
programs which can deal with such equivalences.
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Fig. 4—The eight regions represent all the possible configurations of
values of the three properties “rectilinear,” “connected,” “con-
taining a loop.” Each region contains a representative figure, and
its associated binary “Character” sequence.
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which to define an adequate set of patterns. Characters
are more than conventional names. They are instead
very rudimentary forms of description (having the lorm
of the simplest symbolic expression—the /ist) whose
structure provides some information about the desig-
nated classes. This is a step, albeit a small one, bevond
the template method; the Characters are not simple
instances of the patterns, and the properties may thems-
selves be very abstract. Finding a good set of properties
is the major concern of many heuristic programs.

E. Invariant Properties

One of the prime requirements of a good property
is that it be invariant under the commonly encoun-
tered equivalence transformations. Thus for visual
Pattern-Recognition we would usually want the ob-
ject identification to be independent of uniform changes
i size and position. In their pioneering paper Pitts
and McCulloch [10] describe a general technique for
forming invariant properties from noninvariant ones,
assuming that the transformation space has a certain
(group) structure. The idea behind their mathematical
argument 1s this: suppose that we have a function P
of figures, and suppose that for a given figure F we
define [F|=1)F, Iy, - - -} to be the set of all figures
equivalent to /7 under the given set of transformations;
further, define P[F| to be the set | P(F), P(F), - - - |
of values of P on those figures. Finally, define P*[F]
to be AVERAGE (P[F]). Then we have a new prop-
erty P* whose values are independent of the selection
of I from an equivalence class defined by the trans-
formations. We have to be sure that when different
representatives are chosen from a class the collection
[£] will always be the same in each casc. In the case
of continuous transformation spaces, there will have to
be a measure or the equivalent associated with the set
[7] with respect to which the operation AVERAGE is
defined, say, as an integration.*

This method is proposed [10] as a neurophysiological
model for pitch-invariant hearing and size-invariant
visual recognition (supplemented with visual centering
mechanisms). This model is discussed also by Wiener.s
Practical application is probably limited to one-dimen-
sional groups and analog scanning devices.

In much recent work this problem is avoided by
using properties already invariant under these trans-
formations. Thus a property might count the number

¢ In the case studied in [10]) the transformation space is a group
with a uniquely defined measure: the set {F] can be computed without
repetitions by scanning through the application of all the transforms
T, to the given figure so that the invariant property can be delined by

P*(IY = P(To(F))d
( fae(’ (TalF))du

where G is the group and u the measure. By substituting 75 F) for
F in this, one can see that the result is independent of choice of 8
since we obtain the same integral over G~ =(.

8 See p. 160 1. of [11].
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of connected components in a picture-this is invariant
under size and position. Or a property may count the
number of vertical lines in a picture  this is invariant
under size and position (but not rotation).

I°. Generating Properties

The problem of generating useful properties has been
discussed by Selfridge [12]; we shall summarize his ap-
proach. The machine is given, at the start, a few basic
transformations .1y, » » - | .1,, cach of which transforms,

A, COUNT

Fig. 5—An arbitrary sequence of picture-transformations, followed
by a numerical-valued function, can he used as a property func-
tion for pictures. A, removes all points which are not at the edge of
a solid region. 4. leaves only vertex points—at which an arc sud-
denly changes direction. The function € simply counts the num-
ber of points remaining in the picture. A\l remarks in the text
could be generalized to apply to properties, like .1,:1.C, which
can have more than two values.

in some significant way, each figure into another figure.
omight, for example, remove all points not on a
boundary of a solid region; .1, might leave only vertex
points; Ly might fill up hollow regions, ete. (sce Fig. 3).
Each sequence 1,4, - - -.1; of these forms a new
transformation, so that there is available an infinite
variety. We provide the machine also with one or more
“terminal” operations which convert a picture into a
number, so that any sequence of the elementary trans-
formations, followed by a terminal operation, defines a
property. (Dincen [13] describes how these processes
were programmed in a digital computer.) We can start
with a few short sequences, perhaps chosen randomly.
Selfridge describes how the machine might learn new
useful properties.

We now feed the machine 1's and s telling the machine each
time which letter it is. Beside each sequence nnder the two letters,
the machine builds up distribution functions from the results of
applyving the sequences to the image. Now, since the sequences were
chosen completely randomly, it may well be that most of the se-
quences have very flat distribution functions; that is, they [provide]
no information, and the sequences are therefore [by definition| not
significant. Let it discard these and pick some others. Sooner or later,
however, some sequences will prove significant; that is, their distri-
bution functions will peak up somewhere. \What the machine does
now is to build up new sequences fike the significant ones. This is the
important point. If it merely chose sequences at random it night
take a very long while indeed to find the best sequences. But with
some successful sequences, or partly successful ones, to guide it, we
hape that the process will be much quicker. The erucial question
remains: how do we build up sequences “like” other sequences, but
not identical? As of now we think we shall merely build sequences
from the transition frequencies of the signilicant sequences. We shall
build up a matrix of transition frequencies from the significant ones,
and use those as transition probabilities with which to choose new
sequences.

We do not claim that this method is necessarily a very good way
of choosing sequences—only that it should do better than not using
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at all the knowledge of what kind of sequences has worked. 1t has
seemed to us that this is the crucial point of learning.$

It would indeed be remarkable if this failed to yield
properties more useful than would be obtained from
completely random sequence selection. The generating
problem is discussed further in Minsky [14]. Newell,
Shaw, and Simon [15] describe more deliberate, less
statistical, techniques that might be used to discover
sets of properties appropriate to a given problem area.
One may think of the Selfridge proposal as a system
which uses a finite-state language to describe its proper-
ties. Solomonoff [55], [18] proposes some techniques
for discovering common features of a set of expressions,
e.g., of the descriptions of those properties of already
established utility; the methods can then be applied
to generate new properties with the same common
features. 1 consider the lines of attack in [12], [15],
[18] and [55], although still incomplete, to be of the
greatest importance.

G. Combining Properties

One cannot expect easily to find a small set of proper-
ties which will be just right for a problem area. It is
usually much easier to find a large set of properties
each of which provides a little useful information. Then
one is faced with the problem of finding a way to com-
bine them to make the desired distinctions. The simplest
method is to choose, for each class, a typical character
(a particular sequence of property values) and then to
use some matching procedure, ¢.g., counting the num-
bers of agreements and disagreements, to compare an
unknown with these chosen “Character prototypes.”
The linear weighting scheme described just below is a
slight generalization on this. Such methods treat the
properties as more or less independent evidence for and
against propositions; more general procedures (about
which we have yet little practical information) must
account also for nonlinear relations between properties,
i.e., must contain weighting terms for joint subsets of
property values.

1) “Bayes nets” for combining independent properties:
We consider a single experiment in which an object is
placed in front of a property-list machine. Each prop-
erty E; will have a value, 0 or 1. Suppose that there
has been defined some set of “object classes” Fj, and
that we want to use the outcome of this experiment to
decide in which of these classes the object belongs.

Assume that the situation is basically probabilistic,
and that we know the probability p,; that, if the object
is in class F; then the ith property E; will have value 1.
Assume further that these properties are independent;
that is, even given Fj, knowledge of the value of E; tells
us nothing more about the value of a different E; in
the same experiment. (This is a strong condition—see
below.) Let ¢; be the absolute probability that an object

6 See p. 93 of [12].
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1s in class F;. Finally, for this experiment define 1 to be
the particular set of i's for which the E;s are 1. Then
this 17 represents the Character of the object. From the
detmition of conditional probability, we have

Pr(F;, V) = Pr(V)-Pr (F;| V) = Pr(F;)-Pr (V| F).

Given the Character 17, we want to guess which F; has
occurred (with the least chance of being wrong— the
so-called maximum Ilikelihood estimate); that is, for
which j is Pr(F;| V) the largest? Since in the above
Pr (V) does not depend on j, we have only to calculate
for which jis Pr(F;) - Pr( I’! F)=¢;Pr( I’I F;) the largest.
Hence, by our independence hypothesis, we have to
maximize

o 11 pi I aw=o 11 22 11 4 (1)
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These “maximum likelihood” decisions can be made
(Fig. 6) by a simple network device.”

These nets resemble the general schematic diagrams
proposed in the “Pandemonium” model of Selfridge
[19] (see his Fig. 3). It is proposed there that some in-
tellectual processes might be carried out by a hierarchy
of simultaneously functioning submachines suggestively
called “demons.” Each unit is set to detect certain pat-

Fig. 6—“Net” model for maximum-likelihood decisions based on
linear weightings of property values. The input data are examined
by each “property filter” E;. Each E; has “0” and “1” output
channels, one of which is excited by each input. These outputs are
weighted by the corresponding p:;’s, as shown in the text. The re-
sulting signals are multiplied in the F; units, each of which “col-
lects evidence” for a particular ligure class. (\We could have used
here log(p:;), and added at the F; units.) The final decision is
made by the topmost unit D, who merely chooses that F; with the
largest score. Note that the logarithm of the coefficient p;;/¢:; in
the second expression of (1) can be construed as the “weight of the
evidence” of E; in favor of F;. (See also [21] and [22].)

7 At the cost of an additional network layer, we may also account
for the possible cost gji that would be incurred if we were to assign
to Fi a figure really in class F;: in this case the minimum cost decision
is given by the & for which

Z 8irdj H Ppii H gij
7
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is the least. V is the complement set to Vigijis (1 — py;).
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terns in the activity of others and the output of each
unit announces the degree of confidence of that unit
that it sees what it is looking for. Our E; units are
Seliridge’s “data demons.” Our units F; are his “cog-
nitive demons”; each collects from the abstracted data
evidence for a specific proposition. The topmost “de-
cision demon” D responds to that one in the multitude
below it whose shriek is the loudest.®

It is quite easy to add to this “Baves network model”
a mechanism which will enable it to learn the optimal
connection weightings. Imagine that, after each event,
the machine is told which /; has occurred; we could im-
plement this by sending back a signal along the connec-
tions leading to that /; unit. Suppose that the connec-
tion for p;; (or ¢;;) contains a two-terminal device (or
“synapse”) which stores a number w;;. Whenever the
joint event (/9;, E;=1) occurs, we modily w;; by replac-
ing it by (w,;+1)8, where 6 is a factor slightly less than
unity. And when the joint event (F, £,=0) occurs, we
decrement w;; by replacing it with (w;;)6. 1t is not difh-
cult to show that the expected values of the w;;'s will
become proportional to the p.;'s |and, in fact, approach
p.;[8/(1 =8)]. llence, the machine tends to learn the
optimal weighting on the basis of experience. (One must
put in a similar mechanism lor estimating the ¢,’s.) The
variance of the normalized weight w,;[(1—8)/8] ap-
proaches [(1—=8)/(148) |p.jgii. Thus a small value for 6
means rapid learning but is associated with a large vari-
ance, hence, with low reliability. Choosing 8 close to
unity means slow, but reliable, learning. 8 is really a
sort of memory decay constant, and its choice must be
determined by the noise and stability of the environ-
ment—much noise requires long averaging times, while
a changing environment requires fast adaptation. The
two requirements are, of course, incompatible and the
decision has to be based on an economic compromise.?

2) Possibilities of using random mets for Baves deci-
sions: The nets of Fig. 6 are very orderly in structure.
Is all this structure necessary? Certainly if there were
a great many properties, each of which provided very
little marginal information, some of them would not be
missed. Then one might expect good results with a
mere sampling of all the possible connection paths w,;.
And one might thus, in this special situation, use a
random connection net.

The two-layer nets here resemble those of the “per-
ceptron” proposal of Rosenblatt [22]. In the latter,
there is an additional level of connections coming di-
rectly from randomly selected points of a “retina.”
lHere the properties, the devices which abstract the
visual input data, are simple functions which add some
inputs, subtract others, and detect whether the result
exceeds a threshold. Eq. (1), we think, illustrates what
is of value in this scheme. [t does scem clear that a
maximum-likelihood type of analysis of the output of

8 See also the report in [20].
? See also [7] and [21].
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the property functions can be handled by such nets. But
these nets, with their simple, randomly generated, con-
nections can probably never achieve recognition of such
patterns as “the class of figures having two separated
parts,” and they cannot even achieve the effect of
template recognition without size and position normal-
ization (unless sample figures have been presented pre-
viously in essentially all sizes and positions). IFor the
chances are extremely small of finding, by random
methods, enough properties usefully correlated with
patterns appreciably more abstract than those of the
prototype-derived kind. And these networks can really
only separate out (by weighting) information in the in-
dividual input properties; they cannot extract further
information present in nonadditive form. The “per-
ceptron” class of machines have facilities neither for
obtaining better-than-chance properties nor for as-
sembling better-than-additive combinations of those it
gets from random construction.!*

For recognizing normalized printed or hand-printed
characters, single-point properties do surprisingly well
[23]: this amounts to just “averaging” many samples.
Bledsoe and Browning [24] claim good results with
point-pair properties. Roberts [25] describes a series of
experiments in this general area. Dovle [26] without
normalization but with quite sophisticated properties
obtains excellent results; his properties are already sub-
stantially size- and position-invariant. A general re-
view of Dovle's work and other pattern-recognition ex-
periments will be found in Selfridge and Neisser [20].

For the complex discrimination, e.g., between one
and two connected objects, the property problem is
very serious, especially for long wiggly objects such as
are handled by Kirsch [27]. Here some kind of recursive
processing is required and combinations of simple prop-
erties would almost certainly fail even with large nets
and long training.

We should not leave the discussion of some decision
net models without noting their important limitations.
The hypothesis that, for given j, the p,; represent inde-
pendent events, is a very strong condition indeed. \WVith-
out this hypothesis we could still construct maximum-
likelihood nets, but we would need an additional laver
of cells to represent all of the joint events 17; that is,
we would need to know all the Pr (/] I7). This gives a
general (but trivial) solution, but requires 2" cells for
n properties, which is completely impractical for large
systems. What is required is a system which computes
some sampling of all the joint conditional probabilities,
and uses these to estimate others when needed. The
work of Uttley [28], [29], bears on this problem, but his
proposed and experimental devices do not vet clearly
show how to avoid exponential growth.!!

10 See also Roberts [25], Papert [21], and HHawkins [22]. We can
find nothing resemibling an analysis [see (1) abve] in [22] or sub-
sequent publications of Rosenblatt.

' See also Papert [21].
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H. Articulation and .lttention— Limitations of
the Property-List Method

Because of its fixed size, the property-list scheme is
limited (for any given set of properties) in the detail
of the distinctions it can make. Its ability to deal with
a compound scene containing several objects is critically
weak, and its direct extensions are unwieldy and un-
natural. If a machine can recognize a chair and a table,
it surely should be able to tell us that “there is a chair
and a table.” To an extent, we can invent properties
which allow some capacity for superposition of object
Characters.!? But there is no way to escape the informa-
tion limit.

What is required is clearly 1) a list (of whatever length
is necessary) of the primitive objects in the scene and
2) a statement about the relations among them. Thus
we say of Fig. 7(a), “A rectangle (1) contains two sub-
figures disposed horizontally. The part on the left is a
rectangle (2) which contains two subfigures disposed
vertically; the upper a circle (3) and the lower a tri-
angle (4). The part on the right . . . etc.” Such a de-
scription entails an ability to separate or “articulate”
the scene into parts. (Note that in this example the
articulation is essentially recursive; the figure is first
divided into two parts; then each part is described using
the same machinery.) We can formalize this kind of de-
scription in an expression language whose fundamental
grammatical form is a pair (R, L) whose first member R
names a relation and whose second member L is an
ordered list (x1, x2, - - -, x,) of the objects or subfigures
which bear that relation to one another. We obtain the
required flexibility by allowing the members of the list
L to contain not only the names of “elementary” figures
but also “subexpressions” of the form (R, L) designating
complex subfigures. Then our scene above may be de-
scribed by the expression

[0, (3, (—, (0, (O, (L, (0, D)),
(0,(0,(V,(0, O,0MiNI

(a) (b)

Fig. 7—The picture 4(a) is first described verbally in the text. Then,
by introducing notation for the relations “inside of,” “to the left
of” and “above,” we construct a symbolic description. Such de-
scriptions can be formed and mampulated by machines. By ab-
stracting out the complex relation between the parts of the figure
we can use the same formula to describe the related pictures 4(b)
and 4(c), changing only the list of primitive parts. It is up to the
programmer to decide at just what level of complexity a part of a
picture should be considered “primitive”; this will depend on
what the description is to be used for. We could further divide
the drawings into vertices, lines, and arcs. Obviously, for some
applications the relations would need more metrical information,
e.g., specificaticn of lengths or angles.

12 Cf, Mooers' technique of Zatocoding (30}, [31).
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where (O, (x, ¥)) means that y is contained in x;
(—, (x, ) means that y is to the right of x; (|, (¥, )
means that yis below x, and ( V, (x, y, 2)) means that y
is to the right of x and zis underneath and between them.
The symbols [], O, and A represent the indicated
kinds of primitive geometric objects. This expression-
pair description language may be regarded as a simple
kind of “list-structure” language. Powerful computer
techniques have been developed, originally by Newell,
Shaw and Simon, for manipulating symbolic expres-
sions in such languages for purposes of heuristic pro-
gramming. (See the remarks at the end of Section 1V.
If some of the members of a list are themselves lists,
they must be surrounded by exterior parentheses, and
this accounts for the accumulation of parentheses.)

It may be desirable to construct descriptions in which
the complex relation is extracted, ¢.g.. so that we have
an expression of the form /G where F is an expression
which at once denotes the composite relation between
all the primitive parts listed in G. A complication arises
in connection with the “binding” of variables, 7.e., in
specifying the manner in which the elements of G partic-
ipate in the relation F. This can be handled in general
by the “A” notation [32] but here we can just use inte-
gers to order the variables.

IFor the given example, we could describe the rela-
tional part F by an expression

O(ll — (O(zv l (3v 'l'))vo(sv v(()v 7v 8))))

in which we now use a “lunctional notation”; “(0,
(x, ¥))” is replaced by “O(x. ¥),” ete., making for better
readability. To obtain the desired description, this
expression has to be applied to an ordered list of primi-
tive objects, which in this case is ([, (1, O, A, O, O,
O, O). This composite functional form allows us to
abstract the composite relation. By changing only the
object list we can obtain descriptions also of the objects
in Fig. 7(b) and 7(¢).

The important thing about such “articular” descrip-
tions is that they can be obtained by repeated applica-
tion of a fixed set of pattern-recognition techniques. Thus
we can obtain arbitrarily complex descriptions from a
fixed complexity classification-mechanism. The new ele-
ment required in the mechanism (beside the capacity
to manipulate the list-structures) is the ability to articu-
late-—to “attend fully” to a selected part of the picture
and bring all one’s resources to bear on that part. In efh-
cient problem-solving programs, we will not usually
complete such a description in a single operation. In-
stead, the depth or detail of description will be under
the control of other processes. These will reach deeper,
or look more carefully, only when they have to, e.g.,
when the presently available description is inadequate
for a current goal. The author, together with L. Hodes,
is working on pattern-recognition schemes using articu-
lar descriptions. By manipulating the formal descrip-
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tions we can deal with overlapping and incomplete fig-
ures, and several other problems of the “Gestalt” type.

It seems likely that as machines are turned toward
more difficult problem areas, passive classification sys-
tems will become less adequate, and we may have to
turn toward schemes which are based more on inter-
nally-generated hypotheses, perhaps “error-controlled”
along the lines proposed by MacKay [89].

Space requires us to terminate this discussion of pat-
tern-recognition and description. Among the important
works not reviewed here should be mentioned those of
Bomba [33] and Grimsdale, et al. [34], which involve
elements of description, Unger [35] and Holland [36]
for parallel processing schemes, Ilebb [37] who is con-
cerned with physiological description models, and the
work of the Gestalt psychologists, notably Kohler [38]
who have certainly raised, if not solved, a number of im-
portant questions. Sherman [8], aller [39] and others
have completed programs using line-tracing operations
for topological classification. The papers of Selfridge
[12], [43], have been a major influence on work in this
general area.

See also Kirsch, ef al. [27], for discussion of a number
of interesting computer image-processing techniques,
and see Minot [40] and Stevens [41] for reviews of the
reading machine and related problems. One should also
examine some biological work, e.g., Tinbergen [42] to
see instances in which some discriminations which seem,
at first glance very complicated are explained on the
basis of a few apparently simple properties arranged in
simple decision trees.

[TI. LEARNING SvsSTEMS

Summary—In order to solve a new problem, one should first try
using methods similar to those that have worked on similar prob-
lems. To implement this ‘‘basic learning heuristic” one must
generalize on past experience, and one way to do this is to use
success-reinforced decision models. These learning systems are
shown to be averaging devices. Using devices which learn also which
events are associated with reinforcement, i.e., reward, we can build
more autonomous ‘‘secondary reinforcement” systems. In applying
such methods to complex problems, one encounters a serious dif-
ficulty—in distributing credit for success of a complex strategy among
the many decisions that were involved. This problem can be man-
aged by arranging for local reinforcement of partial goals within a
hierarchy, and by grading the training sequence of problems to
parallel a process of maturation of the machine’s resources.

In order to solve a new problem one uses what might
be called the basic learning heuristic— first try using
methods similar to those which have worked, in the past,
on similar problems. We want our machines, to0o, to
benefit from their past experience. Since we cannot ex-
pect new situations to be precisely the same as old ones,
any useful learning will have to involve generalization
techniques. There are too many notions associated with
“learning” to justify defining the term precisely. But we
may be sure that any useful learning system will have
to use records of the past as evidence for more general
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propositions; it must thus entail some commitment or
other about “inductive inference.” (See Section V-B.)
Perhaps the simplest way of generalizing about a set of
entities is through constructing a new one which is an
“ideal,” or rather, a typical member of that set: the
usual way to do this is to smooth away variation by
some sort of averaging technique. And indeed we find
that most of the simple learning devices do incorporate
some averaging technique—often that of averaging
some sort of product, thus obtaining a sort of correla-
tion. We shall discuss this family of devices here. and
some more abstract schemes in Section V.

AL Reinforcement

A reinforcement process is one in which some aspects
of the behavior of a system are caused to become more
(or less) prominent in the future as a conseqience of the
application of a “reinforcement operator” Z. This
operator is required to affect only those aspects of be-
havior for which instances have actually occurred re-
cently.

The analogy is with “reward” or “extinction” (not
punishment) in animal behavior. The important thing
about this kind of process is that it is “operant” (a
term of Skinner [44]); the reinforcement operator does
not initiate behavior, but merely selects that which the
Trainer likes from that which has occurred. Such a SVS-
tem must then contain a device Al which generates a
variety of behavior (say, in interacting with some en-
vironment) and a Trainer who makes critical judg-
ments in applying the available reinforcement opera-
tors. (See Fig. 8.)

Let us consider a very simple reinforcement model.
Suppose that on cach presentation of a stimulus S an
animal has to make a choice, e.g., to turn left or right,
and that its probability of turning right, at the nth
trial, is p,. Suppose that we want it to turn right. When-
ever it does this we might “reward” it by applying the
operator Z,;

Pt = Zo(pn) = 0p. + (1 — 9) 0<o<1
RESPONSE
7
y REINFORCEMENT
ENVIRONMENT STI/M(JLUS MAGHINE
7
\\ ‘ Z
" TRAINER

Fig. 8—Parts of an “operant reinforcement® learning system. In re-
sponse to a stimulus from the environment, the machine makes
one of several possible responses. It remembers what decisions
were made in choosing this response. Shortly thereafier, the
Trainer sends to the machine positive or negative reinforcement
(reward) signal; this increases or decreases the tendency to make
the same decisions in the future. Note that the Trainer need ot
kno